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1.0 INTRODUCTION 

The p u r p o s e  of t h i s  report is t o  show t h e  a p p l i c a b i l i t y  of 

s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  a n d  i n  p a r t i c u l a r  t h e  

t w o  t e c h n i q u e s  s t u d i e d  i n  P h a s e  A, B a n d  C of t h e  program 

t o  t h e  components  which t h e  E l e c t r i c a l  T e s t  a n d  A n a l y s i s  

Branch of t h e  R e l i a b i l i t y  a n d  Q u a l i t y  

is  r e s p o n s i b l e  for t e s t i n g .  The f o u r  component g r o u p s  w i t h -  

i n  t h e  b r a n c h  a r e  t h e  Measur ing ,  RF,  Telemetry, a n d  N e t w o r k s  

Group. The p a r t i c u l a r  component t es t  p r o c e d u r e s  c o n s i d e r e d  

i n  t h e s e  f o u r  a r e a s  a r e  l isted i n  Appendix A. 

A s s u r a n c e  Laboratory 

The objective of s i n g l e  p a r a m e t e r  t e s t i n g  i s  t o  s i m u l t a n e o u s l y  

d e t e r m i n e  s e v e r a l  i n d i v i d u a l  p a r a m e t e r s  of a component or system 

thereby o b t a i n i n g  f a s t e r  c h e c k o u t  t i m e .  

ized i n  Phase  A, B a n d  C e f for t  of NAS 8-11715, P a r t  111, t o  a c -  

h ieve  t h i s  object ive ( s e e  r e f e r e n c e s  1-5). A block d i a g r a m  of 

t h e  i m p l e m e n t a t i o n  of t h e  growing  e x p o n e n t i a l  p r o b i n g  s i g n a l  

t e c h n i q u e  i s  shown i n  F i g u r e  1-1. The p r o b i n g  s i g n a l s  a r e  stored 

i n  a m e m o r y  device s u c h  a s  a t a p e  recorder or  s m a l l  d i g i t a l  c o m -  

p u t e r .  The o r t h o g o n a l  f i l t e r  bank,  e s t i m a t o r ,  t i m i n g  c o n t r o l ,  and  

sample a n d  hold c i r c u i t s  a r e  programmed on an  a n a l o g  comput ing  de- 

vice s u c h  a s  a s m a l l  c o m m e r c i a l l y  a v a i l a b l e  a n a l o g  computer  o r  a 

s p e c i a l l y  d e s i g n e d  r a c k  of a n a l o g  computer  components.  

Two t e c h n i q u e s  w e r e  u t i l -  
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E s t i m a t o r  I res pon s e 

F i g u r e  1-2 

T e s t i n g  Using  Growing Impulse Response P r o b i n g  S i g n a l s  
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The i m p l e m e n t a t i o n  equ ipmen t  n e c e s s a r y  for t e s t i n g  u s i n g  g rowing  

i m p u l s e  r e s p o n s e  p r o b i n g  s i g n a l s  ( F i g u r e  1 - 2 )  i s  s i m i l a r  t o  t h e  

f i r s t  method. 

The i n p u t  p r o b i n g  s i g n a l  must be g e n e r a t e d  by other equ ipmen t  

i f  t h e  component i n p u t  is other t h a n  a n  e l e c t r i c a l  s i g n a l .  For 

example  a n  a c c e l e r o m e t e r  would  be d r i v e n  by a s h a k e  t a b l e  a n d  

t h e  s h a k e  t a b l e  c o u l d  be c o n t r o l l e d  by t h e  s i g n a l  f r o m  t h e  mem- 

ory device. 

The f u n c t i o n  of t h e  r e f e r e n c e  r e s p o n s e  block i n  e a c h  block d i a -  

gram c a n  be performed i n  three d i f f e r e n t  ways. It c a n  be a 

r e f e r e n c e  r e s p o n s e  of a nomina l  system recorded on t h e  m e m o r y  

device, or second ,  a model of t h e  nomina l  system implemented  on 

t h e  a n a l o g  comput ing  device, or t h i r d ,  a nomina l  component.  Fo r  

t h e  s e c o n d  and  t h i r d  way, t h e  i n p u t  p r o b i n g  s i g n a l  i s  fed t o  t h e  

model ( o r  nomina l  component )  a s  w e l l  a s  t h e  component t o  be tested. 

An o u t l i n e  of t h e  steps n e c e s s a r y  t o  implement  these t e c h n i q u e s  

i s  : 

1. Develop a component m o d e l  which c a n  be u s e d  i n  t h e  

d e t e r m i n a t i o n  of an  e s t i m a t o r .  
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2. O b t a i n  a r e f e r e n c e  r e s p o n s e  of t h e  component t o  be 

tested. This r e s p o n s e  c a n  be d e t e r m i n e d  by t h e  s t a t -  

i s t i c a l  measurement  of a number of good components.  

Once t h e  nomina l  response i s  d e t e r m i n e d  it c a n  be 

stored on tape. 

3 .  The e s t i m a t o r  i s  d e t e r m i n e d  by methods described i n  

t h e  P h a s e  C repor t  ( R e f e r e n c e  4) .  

4. The f o u r t h  step is  the  i m p l e m e n t a t i o n  a n d  c h e c k o u t  

of t h e  t e c h n i q u e  w i t h  t h e  a c t u a l  h a r d w a r e  t o  be 

tested. 

The g e n e r a l  t e c h n i c a l  a p p r o a c h  of t h e  P h a s e  A, B a n d  C e f fo r t  

was restricted t o  p r e d i c t i n g  t r a n s f e r  f u n c t i o n  p a r a m e t e r s  of 

l i n e a r  systems or components  which c a n  be described by t r a n s f e r  

f u n c t i o n s  ( i r e . ,  t h e  i n p u t - o u t p u t  g a i n  a n d  p h a s e  s h i f t  a s  a 

f u n c t i o n  of f r e q u e n c y ) .  The philosophy of s i n g l e  p a r a m e t e r  

t e s t i n g  c a n  a l s o  be appl ied  t o  other p a r a m e t e r s  which change  

t h e  i n p u t - o u t p u t  cha rac t e r i s t i c s  of a device. 

D u r i n g  t h e  Phase  C e x t e n s i o n  t a s k  ( a s  reported i n  R e f e r e n c e  5 )  

success was n o t e d  i n  t h e  area of measu r ing  such system param- 

eters. In  p a r t i c u l a r ,  t h e  c h a r a c t e r i s t i c s  of a system com-  

p o n e n t  t h a t  l i m i t e d  t h e  a m p l i t u d e  of t h e  m t p u t  waveform coald 

be measured  but  a c o m p n e n t  which h a d  a deadband effect i n  t h e  

system c o u l d  n o t  be measured ,  a t  l e a s t  w i t h  t h e  t e c h n i q u e  u s e d  

a t  t h a t  t i m e .  Thus it is  shown t h a t  some system p a r a m e t e r s  

o ther  t h a n  t r a n s f e r  f u n c t i o n  p a r a m e t e r s  c a n  be measured  w i t h  

t h e  t e c h n i q u e s  u n d e r  i n v e s t i g a t i o n .  
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S i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  a r e  a l s o  a p p l i c a b l e  t o  

s e v e r a l  g e n e r a l  classes of equipment  s u c h  a s  h y d r a u l i c ,  pneu-  

m a t i c  a n d  other e l e c t r i c a l  components a s  w e l l  a s  systems i n -  

v o l v i n g  these components .  Examples of h y d r a u l i c  components  

which c a n  be c o n s i d e r e d  a r e  v a l v e s ,  pumps a n d  motors. Pneu- 

m a t i c  components  w h i c h  c a n  be considered for s i n g l e  p a r a m e t e r  

t e s t i n g  a r e  v a l v e s ,  r o t a r y  a c t u a t o r s  and  c o n t r o l l e r s .  Bcamples 

of e l e c t r i c a l  components  a r e  moto r s ,  g e n e r a t o r s ,  a m p l i f i e r s ,  

r o t a t i n g  a m p l i f i e r s  a n d  f i l ters .  
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2.0 MEASURING GROUP COMPONENTS 

D e s c r i p t i o n s  of t h e  m e a s u r i n g  components l i s ted i n  Appendix A 

a n d  t h e  p r o c e d u r e s  u s e d  t o  test  t h e  components  w e r e  a n a l y z e d .  

Many of t h e  component tes t  p r o c e d u r e s  c a n  be divided i n t o  cate- 

gories for  p u r p o s e s  of t h i s  r e p o r t ,  for example  t h e  s e v e n  tes t  

procedures which dea l  w i t h  types of p r e s s u r e  t r a n s d u c e r s .  The 

i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  s e c t i o n  for  e a c h  c a t e g o r y  of 

components  is: a g e n e r a l  d e s c r i p t i o n ,  a c c e p t a n c e  level t e s t i n g ,  

f i n a l  c h e c k o u t  a n d  c a l i b r a t i o n  level t e s t i n g ,  tests which s i n g l e  

p a r a m e t e r  t e s t i n g  t echn ic rues  can perform, h o w  these tests a r e  

now performed a n d  a l i s t  of t h e  documents  which  w e r e  examined. 

A d i s c u s s i o n  of t h e  s i n g l e  p a r a m e t e r  t e s t i n g  e q d p m e n t  which  

would be r e q u i r e d  i s  p r e s e n t e d  i n  S e c t i o n  1.0. 

The m a j o r  tes t  which  i s  performed on  t h e  components  by t h e  

Measur ing  Group i s  t o  check t h e  c a l i b r a t i o n  of t h e  component 

a y a A L a a c  ---;--+ a=+= -”-.-.. p3ck v a l u e s  supplied by t h e  vendor .  An example 

s p e c i f i c a t i o n  i s  t h a t  t h e  new test  d a t a  must  a g r e e  w i t h i n  - + 50 m v  

w i t h  t h e  t es t  d a t a  provided by  t h e  vendor .  One of t h e  objectives 

of Phase E of t h e  s i n g l e  p a r a m e t e r  t e s t i n g  program i s  t h e  dev- 

e lopmen t  of a p r o c e d u r e  t o  d e t e r m i n e  t h e  l i n e a r i t y  of a component. 

W i t h  t h e  development  of s u c h  a t e c h n i q u e  t h e  l i n e a r i t y  c o u l d  be 

r e m e a s u r e d  a t  t h e  f i n a l  checkout a n d  c a l i b r a t i o n  level  of tes t -  

i n g .  The s i n g l e  p a r a m e t e r  t e s t  would employ o n e  t e s t i n g  s i g n a l  

a s  opposed t o  s e v e r a l  s e q u e n t i a l  t e s t i n g  s i g n a l s  t o  o b t a i n  t h e  

component  l i n e a r i t y ,  t h u s  o b t a i n i n g  a t i m e  s a v i n g s .  Remeasuring 

l i n e a r i t y  would a s s u r e  t h a t  t h e  desired s p e c i f i c a t i o n s  a r e  m e t  
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I '  

a n d  e l i m i n a t e  t h e  case w h e r e  t h e  d a t a  pack v a l u e  p l u s  50 mv 

might n o t  s a t i s f y  t h e  o r i g i n a l  l i n e a r i t y  r e q u i r e m e n t .  
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2.1 Component C a t e g o r y  - AC Amplifier 
Group r e s p o n s i b l e  - Measur ing  Group 
T e s t  p r o c e d u r e s  - OUAL-AAT-2005 

AC a m p l i f i e r s  a r e  u s e d  a s  s i g n a l  c o n d i t i o n e r s  fo r  t h e  t r a n s d u c e r s  

i n  t h e  measurement  systems. The AC a m p l i f i e r  h a s  a t r a n s f e r  

f u n c t i o n  of: 

4 
EO KS w a - (s)  = 
E i n  ( s  + w)4 (s + a )  

which i s  plot ted a s  a f u n c t i o n  o f  f r e a u e n c y  i n  F i g u r e  2-1. The 

g a i n  fac tor ,  K, i s  a d j u s t a b l e  from 1 t o  50 i n  t w o  c o u r s e  r a n g e s .  

The o u t p u t  of t h e  a m p l i f i e r  i s  l i m i t e d  be tween  5 a n d  7 vdc a t  

t h e  u p p e r  l i m i t  l eve l  a n d  between zero a n d  0.8 vdc a t  t h e  l o w e r  

l i m i t  level. The o u t p u t  n o n l i n e a r i t y  of t h e  ampl i f ie r  s h o u l d  

n o t  exceed + 2% of f u l l  s c a l e  for  a n y  g a i n  s e t t i n g ,  w i t h i n  t h e  

specified o u t p u t  r ange .  

- 

V i s u a l  i n s p e c t i o n  
B i a s  a d j u s t m e n t  
G a i n  a d j u s t m e n t  

The AC a m p l i f i e r  is t h e n  tes ted (66B26124) t o g e t h e r  w i t h  a n  a c -  

celerometer, a c c e l e r o m e t e r  and emitter fol lower,  or microphone  

a n d  e m i t t e r  follower a s  a n  assembly.  The assembly is  tested t o  

ma tch  t h e  g i v e n  c a l i b r a t i o n  curve for t h a t  c o m b i n a t i o n  of com- 

p o n e n t s  . 
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The a c c e p t a n c e  level t e s t i n g  (see f o o t n o t e )  c o n d u c t e d  (60B73095) 

on  t h e  AC a m p l i f i e r  is: 

V i s u a l  i n s p e c t i o n  
I n s u l a t i o n  r e s i s t a n c e  
V o l t a g e  g a i n  a n d  g a i n  c o n t r o l  r e s o l u t i o n  
Frequency  r e s p o n s e  
O u t p u t  r ipple  a n d  n o i s e  
O u t p u t  1 i n e a  r i ty* 
G a i n  s t a b i l i t y  
Emitter follower power s u p p l y  
O u t p u t  1 i m i  t ing*  
T e m p e r a t u r e  

The s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e s  A, B 

and  C c o u l d  s i m u l t a n e o u s l y  perform t h e  f r e q u e n c y  r e s p o n s e  tes t  a n d  

o u t p u t  r ipple  a n d  n o i s e  test. The r e s u l t s  of s t u d y i n g  n o n l i n e a r  

components  and  f u n c t i o n s  d u r i n g  Phase E w i l l  d e t e r m i n e  i f  s i n g l e  

p a r a m e t e r  t e s t i n g  t e c h n i q u e s  can  be a p p l i e d  t o  p e r f o r m i n g  t h e  

l i n e a r i t y  a n d  o u t p u t  l i m i t i n g  tests. 

The f r e q u e n c y  r e s p o n s e  t e s t  i s  performed a t  t h e  a c c e p t a n c e  t e s t i n g  

level  by m e a s u r i n g  t h e  arnpliffzr sztp1-1+ a t  2 8  s e q u e n t i a l  i n p u t  

t e s t i n g  f r e q u e n c i e s .  The d a t a  i s  p lo t ted  a n d  must  f a l l  w i t h i n  

specified l i m i t s .  The l i n e a r i t y  test  is  performed by t a k i n g  

d a t a  a t  10 s e q u e n t i a l  t es t  p o i n t s .  T h e s e  p o i n t s  must  be w i t h i n  

- + 2% of f u l l  scale v a l u e  of t h e  best s t r a i g h t  l i n e  for  a n y  g a i n  

s e t t i n g .  Besides t h e  power suppl ies ,  c a b l e s ,  etc., which a r e  

N o t e :  Those a c c e p t a n c e  level  tests which c a n  be performed w i t h  
p r e s e n t l y  developed s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  
w i l l  be u n d e r l i n e d  i n  t h i s  s e c t i o n .  Those tests which  
c a n  be performed if s u c c e s s f u l  r e s u l t s  a r e  o b t a i n e d  i n  
Phase  E a r e  u n d e r l i n e d  a n d  s t a r r e d  i n  t h i s  s e c t i o n .  
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n e c e s s a r y  for  component o p e r a t i o n ,  t h e  a d d i t i o n a l  equ ipmen t  nec-  

e s s a r y  t o  perform t h e  f r e q u e n c y  r e s p o n s e  t e s t  a n d  t h e  l i n e a r i t y  

t e s t  cons is t s  of t h e  i n p u t  o s c i l l a t o r  a n d  o u t p u t  m e a s u r i n g  and  

r e c o r d i n g  devices such  as  a DVM a n d  o s c i l l o g r a p h .  

Using s i n g l e  parameter t e s t i n g  t e c h n i q u e s  t h e  f r e q u e n c y  r e s p o n s e  

i n f o r m a t i o n  a n d  t h e  l i n e a r i t y  i n f o r m a t i o n  could e a c h  be o b t a i n e d  

w i t h  a s i n g l e  g rowing  e x p o n e n t i a l  p r o b i n g  s i g n a l  t h u s  g a i n i n g  a 

p r o p o r t i o n a l  s a v i n g s  i n  t i m e .  The tes t  equ ipmen t  neces ' sa ry  t o  

perform s i n g l e  p a r a m e t e r  t e s t i n g  i s  shown i n  F i g u r e s  1-1 and  1-2 

a n d  d i s c u s s e d  i n  S e c t i o n  1.0. 

The documents  on AC a m p l i f i e r s  which w e r e  examined w e r e :  

QUAL-AAT-2005, AC Amplifier 
60B73095, Amplifier Module, A l t e r n a t e  C u r r e n t ,  S p e c i f i c a t i o n  for  
60B73111, Amplifier A s s e m b l y ,  AC 
60B26124, C a l i b r a t e d  Set, Accelerometer, AC Amplifier, 

Emitter F o l l o w e r  
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2.2 Component Category - Accelerometers 
G r o u p  r e s p o n s i b l e  - Measur ing  Group 
T e s t  p r o c e d u r e s  - QUAL-AAT-2006, 2018, 2019,  2020, 2042, 

2045,  2065, 2066,  2089, 2104, 2105, 2106. 

A t yp ica l  a c c e l e r o m e t e r  i n c l u d e s  a mass s u s p e n d e d  so t h a t  it i s  

free t o  move i n  o n e  d i r e c t i o n  o n l y  a g a i n s t  a r e s t r a i n i n g  s p r i n g .  

V i s c o u s  damping i s  provided by o i l  a n d  t h e  movement of t h e  mass 

c a n  be s e n s e d  by a p o t e n t i o m e t e r .  The t r a n s f e r  f u n c t i o n  of a n  

a c c e l e r o m e t e r  is of t h e  form 

K 
(SI = EO 

A i n  
- 

s 2  + 25 W S  + lu2 

The f i n a l  c h e c k o u t  and  c a l i b r a t i o n  t e s t i n g  which i s  done  by t h e  

Measur ing  Group c o n s i s t s  of a 

V i s u a l  i n s p e c t i o n  
S t a t i c  tes t  
Accelerometer r a n g e  t es t  
N o i s e  level test 

The a c c e p t a n c e  tes ts  which a r e  perfomleG (62272145) ZIP: 

V i s u a l  e x a m i n a t i o n  
I s o l a t i o n  r e s i s t a n c e  
O u t p u t  v o l t a g e  
Hi-Lo c a l i b r a t i o n  
S e n s i t i v i t y  

T e m p e r a t u r e  
L i n e a r i t y  * 

The s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e s  A, 

B and C c a n  perform t h e  o u t p u t  vol tage t es t ,  t h e  a m p l i t u d e  r e s p o n s e  

tes t ,  and  the  s e n s i t i v i t y  t es t .  T e s t s  which m i g h t  be i n c l u d e d  

a f t e r  t h e  s t u d y  of n o n l i n e a r i t i e s  i n  P h a s e  E a r e  t h e  l i n e a r i t y  
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test and the hysteresis test. 

The present procedure for the output voltage test is to 

measure the output noise voltage with zero g acceleration 

ir.put at three different power supply levels (24, 28 and 32v). 

The amplitude response is measured at 16 sequential sinusoidal 

acceleration input frequencies. The output data is then plotted 

and compared to acceptance limits. The sensitivity test is per- 

formed at 40 acceleration increments for each of three power sup- 

ply levels. The linearity and hysteresis determination is made 

from the sensitivity test data. 

Using single parameter testing techniques the output voltage test, 

the sensitivity test, and the amplitude response could be deter- 

mined with just one testing signal instead of 16 sequential signals. 

An acceleration input source which can be continuously modulated 

would be required to develop the single parameter testing input 

signal. The development of a singie pardiiieter tssticr; linearity 

test would lead to a reduction from 40 sequentially applied input 

signals to one growing exponential testing signal. 

In addition to the test procedures listed at the start of this 

section, the following drawings and documents were examined: 

60B72145 Accelerometer, Servo 
60B72045 Accelerometer 
50M12438 Accelerometer 
50M10297 Servo Accelerometer Unit Assembly 
50M10131 Accelerometer 
2-QH-IU-llOE-72 ( P I I )  S-IU-10 Servo Accelerometer Measure- 

Checkout procedures for S-IB-1 Measurement Systems 
Checkout procedures for S-IU Measuring Systems 

ments Test Procedure 
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2.3 Component Category - DC A m p l i f i e r s  
Group r e s p o n s i b l e  - Measur ing  Group 
T e s t  procedures - QUAL-AAT-2001, 2004, 2051, 2052, 2054, 2062,  

2103 

DC Amplifiers a r e  u s e d  a s  s i g n a l  c o n d i t i o n e r s  for  t h e  t r a n s d u c e r s  

i n  t h e  measurement  systems. The DC a m p l i f i e r  c a n  be described by 

t h e  t r a n s f e r  f u n c t i o n  

w i t h i n  t h e  l i n e a r  o p e r a t i n g  r e g i o n .  The l i n e a r  o u t p u t  r a n g e  

i s  l i m i t e d  be tween 5 a n d  7 vdc a t  t h e  u p p e r  l i m i t  and  be tween  

0 a n d  0.8 vdc a t  t h e  l o w e r  l i m i t .  

The f i n a l  c h e c k o u t  a n d  c a l i b r a t i o n  t e s t i n g  which i s  performed 

by t h e  Measur ing  Group c o n s i s t s  of: 

V i s u a l  i n s p e c t i o n  
T r a n s d u c e r  e x c i t a t i o n  power s u p p l y  a n d  c h e c k i n g  r e l a y s  
Amplifier g a i n  

L i n e a r i t y  
&=..y A m - 1  & i -- f i  - nr -- nni se 

The DC a m p l i f i e r  a c c e p t a n c e  t e s t s  which a r e  performed (60B73061) 

a r e :  

V i sua l  i n s p e c t i o n  
I n  s u  1 a t  i o n  re s is t a n c e  
Z e r o  d r i f t  a n d  offset  
V o l t a g e  g a i n  a n d  g a i n  
F reuuencv  r e s p o n s e  
Common mode r e j e c t i o n  

r e s o l u t i o n  

O u t m t  ripple a n d  n o i s e  
L i n e a r i t v  * 
O u t p u t  l i m i t i n s  * 
Gain  s t a b i l i t y  
T r a n s d u c e r  e x c i t a t i o n  power s u p p l y  a n d  c h e c k i n g  r e l a y s  
T e m p e r a t u r e  
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The s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e s  A, B 

a n d  C could s i m u l t a n e o u s l y  p e r f o r m  t h e  f r e q u e n c y  r e s p o n s e  test ,  

o u t p u t  r ipp le  a n d  n o i s e  test. The r e s u l t s  of t h e  n o n l i n e a r i t y  

s t u d y  d u r i n g  P h a s e  E w i l l  d e t e r m i n e  i f  s i n g l e  p a r a m e t e r  t e s t i n g  

t e c h n i q u e s  c a n  be a p p l i e d  t o  p e r f o r m i n g  t h e  l i n e a r i t y  a n d  o u t p u t  

l i m i t i n g  test. 

The f r e q u e n c y  r e s p o n s e  tes t  i s  pe r fo rmed  a t  t h e  a c c e p t a n c e  

t e s t i n g  level by m e a s u r i n g  t h e  a m p l i f i e r  o u t p u t  a t  1 2  s e q u e n t i a l  

i n p u t  t e s t i n g  f r e q u e n c i e s ,  The da ta  i s  plotted a n d  must  f a l l  

w i t h i n  specified l i m i t s ,  The l i n e a r i t y  test i s  performed by 

t a k i n g  d a t a  a t  10 s e q u e n t i a l  t e s t  p o i n t s .  These p o i n t s  must  

be w i t h i n  - + 1 p e r c e n t  of f u l l  scale v a l u e  of t h e  best s t r a i g h t  

l i n e  for a n y  g a i n  s e t t i n g .  Besides t h e  power s u p p l i e s ,  cables, 

etc, ,  which a r e  n e c e s s a r y  for component o p e r a t i o n ,  t h e  a d d i t i o n a l  

equ ipmen t  n e c e s s a r y  t o  perform t h e  f r e q u e n c y  r e s p o n s e  test  a n d  

t h e  l i n e a r i t y  test  c o n s i s t s  of t h e  i n p u t  o s c i l l a t o r  a n d  o u t p u t  

m e a s u r i n g  a n d  r e c o r d i n g  devices s u c h  a s  a DVM and o s c i l l o g r a p n ,  

U s i n g  s i n g l e  p a r a m e t e r  t e c h n i q u e s  t h e  f r e q u e n c y  r e s p o n s e  i n f o r -  

m a t i o n  a n d  t h e  l i n e a r i t y  i n f o r m a t i o n  c o u l d  e a c h  be o b t a i n e d  

w i t h  a s i n g l e  g rowing  e x p o n e n t i a l  p r o b i n g  s i g n a l  t hus  g a i n i n g  

p r o p o r t i o n a l  s a v i n g s  i n  t i m e .  The tes t  equipment  n e c e s s a r y  t o  

perform s i n g l e  p a r a m e t e r  t e s t i n g  i s  shown i n  F i g u r e s  1-1 and 1-2 

a n d  d i s c u s s e d  i n  S e c t i o n  1.0. 
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The documents on DC amplifiers which were examined are: 

QUAL-AAT-2001, DC Amplifiers 
QUAL-AAT-2004, DC Amplifiers 
QUAL-AAT-2051, DC Amplifiers 
QUAL-AAT-2052, DC Amplifiers 
QUAL-AAT-2054, DC Amplifiers 
QUAL-AAT-2062, DC Amplifiers Modules without Range Cards 
QUAL-MT-2103, DC Amplifier Assemblies (Astrionics) 
MSK-SPEC-133A8 DC Amplifier Modules, Specifications for 
60B73061, Amplifier Module, Direct Current 
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2.4 Component C a t e g o r y  - Emitter F o l l o w e r  
Group r e s p o n s i b l e  - Measur ing  Group 
T e s t  p r o c e d u r e s  - QUAL-AAT-2007, 2008, 2074,  2077 

The emitter follower is  d e s i g n e d  t o  match  h i g h  o u t p u t  impedance  

devices s u c h  a s  piezoelectric t r a n s d u c e r s  i n t o  s t a n d a r d  e l e c t r o n i c  

c i r cu i t s .  The i n p u t  impedance of t h e  emitter follower is  n o t  less 

t h a n  50 megohms a t  20 H z ,  2 5  megohms a t  100 H z ,  5 megohms a t  1000 H z  

a n d  2.5 megohms a t  3000 Hz.  The u n i t  o p e r a t e s  over an i n p u t  r a n g e  

of 6 m i l l i v o l t s  t o  5 vo l t s  peak t o  p e a k  over t h e  f r e q u e n c y  r a n g e  

of 20  Hz t o  3200 Hz. The t r a n s f e r  f u n c t i o n  h a s  t h e  f o l l o w i n g  

g e n e r a l  f o r m :  

which  h a s  a n  a p p r o x i m a t e  u n i t y  v o l t a g e  g a i n .  

The emitter f o l l o w e r  i s  n o t  tested a s  a n  i n d i v i d u a l  component by 

t h e  m e a s u r i n g  g r o u p  b u t  i s  tested i i i  sez junctlnn w i t h  a c c e l e r o m e t e r s  

(DUAL-AAT-2007 a n d  2 0 0 8 ) ,  w i t h  a c c e l e r o m e t e r  a n d  AC a m p l i f i e r  (QUAL- 

AAT-2074), a n d  w i t h  microphone  and  AC a m p l i f i e r  (QUAL-AAT-2077). 

The  f i n a l  c h e c k o u t  and  c a l i b r a t i o n  tests which a r e  performed i n  

t h e s e  procedures a r e :  

V i s u a l  i n s p e c t i o n  
C a l i b r a t i o n  tes t  

The e m i t t e r  follower i s  t e s t e d  a s  an i n d i v i d u a l  component a t  t h e  

a c c e p t a n c e  t e s t i n g  level (60B73078). The a c c e p t a n c e  tests per- 

formed a r e :  
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The 

a n d  

V i s u a l  i n s p e c t i o n  
Dimensiona 1 i n s p e c t  i o n  
I n s u l a t i o n  r e s i s t a n c e  
O u t p u t  r e s i s t a n c e  
I n p u t  impedance 
G a i n  a n d  L i n e a r i t y *  
Frequency  r e s p o n s e  
N o i s e  
C a l i b r a t i o n  v o l t a g e  
T e m p e r a t u r e  test 

s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e s  A, B 

C c a n  be u s e d  t o s i m u l t a n e o u s l y  perform t h e  g a i n  tes t ,  n o f s e  

t e s t  a n d  t h e  f r e q u e n c y  r e s p o n s e  test. The r e s u l t s  of Phase E 

w i l l  d e t e r m i n e  if t h e  l i n e a r i t y  test c a n  be performed u s i n g  

s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s .  

The f r e q u e n c y  r e s p o n s e  t e s t  i s  pe r fo rmed  a t  n i n e  s e q u e n t i a l l y  

a p p l i e d  i n p u t  f r e q u e n c i e s  between 20  a n d  3200 Hz and  w i t h  a 

s i g n a l  level of 100 m v  p-p. From t h i s  d a t a ,  a f r e q u e n c y  r e s p o n s e  

c u r v e  i s  plot ted.  This p l o t  m u s t  conform t o  a s t a n d a r d  r e s p o n s e  

C U L V E  x i th i z  T i v e n  t o l e r a n c e s .  The l i n e a r i t y  i s  d e t e r m i n e d  by 

a p p l y i n g  a 1 kHz s i g n a l  a t  10 s e q u e n t i a l  a m p l i t u d e s  be tween 6 m v  

p-p a n d  5 v p-p. Besides the  power s u p p l i e s ,  c a b l e s ,  etc., which 

a r e  n e c e s s a r y  for  component  o p e r a t i o n ,  t h e  a d d i t i o n a l  equipment  

n e c e s s a r y  t o  perform t h e  f r e q u e n c y  r e s p o n s e  tes t  a n d  t h e  l i n -  

ea r i ty  tes t  c o n s i s t s  of t h e  i n p u t  o s c i l l a t o r  a n d  o u t p u t  m e a s u r i n g  

a n d  r e c o r d i n g  devices s u c h  a s  a DVM a n d  o s c i l l o g r a p h .  

U s i n g  s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  t h e  f r e q u e n c y  r e s p o n s e  

i n f o r m a t i o n  and  t h e  l i n e a r i t y  i n f o r m a t i o n  c o u l d  e a c h  be o b t a i n e d  

w i t h  a s i n g l e  g rowing  e x p o n e n t i a l  pmbfng sfgnal: t h m - g a f n i n g  a 

p r o p o r t i o n a l  s a v i n g s  i n  t i m e .  
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The tes t  equipment  necessary t o  p e r f o r m  s i n g l e  p a r a m e t e r  t e s t i n g  

i s  shown i n  F i g u r e s  1-1 and 1-2 and discussed i n  S e c t i o n  1.0, 

The documents on e m i t t e r  followers which  w e r e  examined w e r e :  

QUAL-AAT-2007, Emitter F b l l o w e r  & Accelerometer 
QUAL-AAT-2008, Emitter F o l l o w e r  & Accelerometer 
QUAL-AAT-2074, calibrated set: Microphone, E m i t t e r  Fo l lower ,  

QUAL-AAT-2077, C a l i b r a t e d  S e t :  Microphone, Emitter Fo l lower ,  

60B73078, Emitter Fo l lower  
Checkout  P r o c e d u r e s  for S-IB-1 Measurement Sys tems 
Checkout  P r o c e d u r e s  for  S-IU Measur ing  Systems 

AC Amplifier 

AC A m p l i f i e r  
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2.5 Component C a t e g o r y  - P r e s s u r e  T r a n s d u c e r s  
Group r e s p o n s i b l e  - Measuring Group 
T e s t  p r o c e d u r e s  - QUAL-AAT-2015, 2031, 2033, 2038, 2040, 

2063, 2064, 

P r e s s u r e  t r a n s d u c e r s  a r e  e l e c t r o m e c h a n i c a l  measu r ing  devices which  

c o n v e r t  mechan ica l  p r e s s u r e  t o  an e l e c t r i c a l  s i g n a l ,  t h e  e l e c t r i c a l  

s i g n a l  o u t p u t  b e i n g  d i r ec t ly  p r o p o r t i o n a l  t o  t h e  pressure a p p l i e d ,  

The t r a n s f e r  f u n c t i o n  for t h e  p r e s s u r e  t r a n s d u c e r  is  of t h e  f o r m  

K 
s + w  

- (SI = EO 

'in 

The f i n a l  checkout and  c a l i b r a t i o n  t e s t i n g  which is  done  by t h e  

Measur ing  Group c o n s i s t s  of: 

V i s u a l  i n s p e c t i o n  
L i n e a r i t y  t es t  

T h e  a c c e p t a n c e  tests which a r e  performed 

V i s u a l  i n s p e c t i o n  
I n s u l a t i o n  r e s i s t a n c e  
Case  g round ing  
P o t e n t i o m e t e r  res is tsiiee 
End p o i n t  t o l e r a n c e s  
Independen t  l i n e a r i t y  * 
S t a t i c  error * 
Dynamic error * 
P r o o f  p r e s s u r e  

50B7 1 9 9 )  a r e :  

In 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  p r e s s u r e  t r a n s d u c e r s  a t i m e  

c o n s t a n t  t es t  i s  also performed, The t e c h n i q u e s  which h a v e  been  

s t u d i e d  i n  t h e  s i n g l e  pa rame te r  t e s t i n g  program Phases  A, B a n d  

C would be a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  of t h e  t r a n s d u c e r  t i m e  

c o n s t a n t ,  s e n s i t i v i t y ,  and a s s u r a n c e  of t h e  proof p r e s s u r e ,  Work 

i n .  t h e  a r e a  of n o n l i n e a r i t i e s  t o  be c o n d u c t e d  d u r i n g  Phase  E may 
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l ead  t o  a t e c h n i q u e  for  t h e  t e s t i n g  of t h e  s t a t i c  error, dynamic 

error a n d  i n d e p e n d e n t  l i n e a r i t y  tests, 

The p r e s e n t  Measur ing  Group test procedures c a l l  for  measurement  

of t h e  t r a n s d u c e r  for n i n e  s e q u e n t i a l  i n p u t  pressure levels. These 

r e a d i n g s  a r e  t h e n  compared t o  t h e  v e n d o r  s u p p l i e d  da t a  pack v a l u e s  

t o  d e t e r m i n e  accept ib i l i ty ,  A s i n g l e  p a r a m e t e r  t e s t i n g  procedure 

would  d e t e r m i n e  t h e  t r a n s d u c e r  l i n e a r i t y  w i t h  o n e  c o n t i n u o u s  t es t  

s i g n a l  a s  opposed t o  t a k i n g  d a t a  a t  s e q u e n t i a l  t es t  p o i n t s .  A 

v a r i a b l e  p r e s s u r e  s o u r c e  w o u l d  be n e c e s s a r y  a s  t h e  i n p u t  t e s t i n g  

s i g n a l .  

The documents  on  p r e s s u r e  t r a n s d u c e r s  which w e r e  examined w e r e :  

QUAL-AAT-2015, P r e s s u r e  T r a n s d u c e r  
QUAL-AAT-2031, P r e s s u r e  T r a n s d u c e r  w i t h  Amplifier 
QUAL-AAT-2033 , D i f f e r e n t i a l  P r e s s u r e  T r a n s d u c e r  
QUAL-AAT-2038, PSIA P r e s s u r e  T r a n s d u c e r  
QUAL-AAT-2040, PSIA P r e s s u r e  T r a n s d u c e r  w i t h  Amplifiers 
QUAL-AAT-2063, PSIA P r e s s u r e  T r a n s d u c e r  
QUAL-AAT-2064, PSID P r e s s u r e  T r a n s d u c e r  
U U Y . r - -  cno731 99; T r a n s d u c e r ,  P r e s s u r e  
Checkout  P r o c e d u r e s  for 5 - 3 - l  Xcasr_lrement Systems 
Checkou t  P r o c e d u r e s  for S-IU Measur ing  Systems 
MIL-T-23518T8 T r a n s d u c e r ,  Pressure 
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2.6 Component C a t e g o r y  - R a t e  Gyroscopes 

Group r e s p o n s i b l e  - Measuring Group 
T e s t  p r o c e d u r e s  - QUAL-AAT-2028, 2041, 2058 

A r a t e  gyroscope i s  a s ing le -degree -o f - f r eedom gyro w i t h  a n  e l a s t i c  

r e s t r a i n t  on  i t s  movement a b o u t  t h e  free, or  output ,  a x i s  so t h a t  

t h e  a n g u l a r  d e f l e c t i o n  of t h e  o u t p u t  a x i s  is  p r o p o r t i o n a l  t o  

a n g u l a r  velocity 

which  r e p r e s e n t s  

EO - (s)  = ' i n  

a b o u t  t h e  i n p u t  a x i s .  The t r a n s f e r  f u n c t i o n  

t h e  r a t e  gyro i s  of t h e  form 

K S  
2 s2 + 25 ws + w 

t h e  

The f i n a l  c h e c k o u t  and c a l i b r a t i o n  t e s t i n g  which i s  performed by 

t h e  Measur ing  Group c o n s i s t s  of: 

V i s u a l  i n s p e c t i o n  
Hi-Cal, N u l l ,  Lo-Cal check 
L i n e a r i t y  and  s e n s i t i v i t y  
Cross-Axis s e n s i t i v i t y  

i 
The a c c e p t a n c e  tests which a r e  performed (60B72043) a r e :  

V i s u a l  e x a m i n a t i o n  
I n s u l a  t i o n  r e s i s t a n c e  
Ou tpu t  vo l t  a g e  
stops * 
Range, l i n e a r i t y  a n d  s ens i t i v i ty  * 
Hysteresis* 
N a t u r a l  f r e a u e n c v  
Damping 
H i - L o  c a l i b r a t i o n  
Temper a t u r e  

The s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e s  A, B 

and  C c o u l d  s i m u l t a n e o u s l y  pe r fo rm t h e  n o i s e  o u t p u t  d e t e r m i n a t i o n  

p a r t  of t h e o u t p u t  v o l t a g e  t e s t ,  t h e  n a t u r a l  f r e q u e n c y  t es t  and  



. 

t h e  damping test, The r e s u l t s  of P h a s e  E w i l l  d e t e r m i n e  i f  t h e  

r a n g e  test, t h e  l i n e a r i t y  a n d  s e n s i t i v i t y  test, t h e  stops tes t ,  

a n d  t h e  hysteresis test  c a n  be performed by t h e  s i n g l e  p a r a m e t e r  

t e s t i n g  t e c h n i q u e s .  A v a r i a b l e  a n g u l a r  r a t e  i n p u t  source would 

be n e c e s s a r y  for t h e  s i n g l e  p a r a m e t e r  t e s t i n g  i n p u t  s i g n a l ,  

The stops test is  performed by i n c r e a s i n g  (and  d e c r e a s i n g )  t h e  

i n p u t  a n g u l a r  r a t e  and  measu r ing  t h e  maximum (and  minimum) ob- 

t a i n a b l e  o u t p u t  v o l t a g e ,  T h i s  i n d i c a t e s  t h e  p o s i t i o n  of t h e  

m e c h a n i c a l  stops, The r a n g e ,  l i n e a r i t y ,  s e n s i t i v i t y  and hys- 

teresis a r e  d e t e r m i n e d  f r o m  d a t a  t a k e n  a t  1 deg/sec i n p u t  a n g u l a r  

r a t e  i n c r e m e n t s  for a t o t a l  of 40 s e q u e n t i a l  d a t a  p o i n t s ,  The 

test  i s  r e p e a t e d  for three i n p u t  power s u p p l y  levels so t h a t  t h e  

t o t a l  i s  120  d a t a  p o i n t s  a t  the  a c c e p t a n c e  t e s t i n g  level, The 

n a t u r a l  f r e q u e n c y  and  damping test a r e  performed u s i n g  a s h a k e r  

t a b l e  t o  d e t e r m i n e  a m p l i t u d e  and f r e q u e n c y  r a t i o  d a t a  from which 

t he  a m p l i t u d e  r e s p o n s e  c u r v e  can be drawn. S e q u e n t i a l  d a t a  i s  

t a k e n  a t  s e v e r a l  a n g u l a r  i n p u t  f r e q u e n c i e s .  

The f o l l o w i n g  d rawings  a n d  documents w e r e  examined: 

QUAL-AAT-2028, R a t e  Gyro and  Adaptor  
QUAL-AAT-2041, R a t e  Gyro 
QUAL-AAT-2058, Angular  R a t e  Gyro 
50M10359, R a t e  G y r o  
50M10409, R a t e  G y r o  
60B72043, Gyroscope, Angu la r  Ra te  
MIL-G-21437A, Gyroscope, Rate 
MIL-G-60143, Gyroscope, R a t e  
Checkout  P r o c e d u r e s  fo r  S-IB-1 Measurement Systems 
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2.7 Component C a t e g o r y  - M i s c e l l a n e o u s  
Group r e s p o n s i b l e  - Measur ing  Group 
T e s t  p r o c e d u r e s  - QUAL-AAT-2000, T u r b i n e  Tachometer  

QUAL-AAT-2023, F i r s t  Motion & C u t o f f  Module 
QUAL-AAT-2068, Sync Buffer  U n i t  

Component 

Tachomete r  

F i r s t  Motion 
& Cutoff 
Module 

Sync  Buffer 
U n i t  

These three components  a r e  b e i n g  t r e a t e d  a s  a c a t e g o r y  s i n c e  i n  

I n p u t  S i g n a l  D i s p l a y  Device P a r a m e t e r s  Observed 

C o n s t a n t  O s c i l l o g r a p h  Waveform f r e q u e n c y  , 
a n g u l a r  amp1 i tude ,  d is tor t -  
r o t a  t i o n  i o n ,  symmetry, b i a s  

E l e c t r i c a l  Oscil lograph Waveform a m p l i t u d e ,  
Step rise t i m e ,  decay 
F u n c t i o n  t i m e  

E l e c t r i c a l  Oscilloscope Waveform a m p l i t u d e ,  
s q u a r e  f r e q u e n c y ,  rise 
wave t i m e ,  f a l l  t i m e ,  

r i n g i n g  
+ 

many respects they a r e  b e i n g  tested i n  t h e  same manner by t h e  

Measur ing  Group. An i n p u t  s i g n a l  i s  a p p l i e d  t o  e a c h  component 

a n d  t h e  o u t p u t  waveform is d i s p l a y e d .  From t h e  d i s p l a y ,  t h e  

p a r a m e t e r s  of i n t e r e s t  a r e  observed a n d  recorded on t h e  compo- 

n e n t  a p p r o v a l  f o r m .  T h i s  i n f o r m a t i o n  is summarized i n  T a b l e  2-1. 

The t e s t i n g  performed on  these components  u s e s  t h e  g e n e r a l  ph i lo-  

sophy of s i n g l e  p a r a m e t e r  tes t ing.  T h a t  i s ,  u s i n g  o n e  i n p u t  

t e s t i n g  s i g n a l ,  t h e  severa l  p a r a m e t e r s  of i n t e r e s t  a r e  o b t a i n e d  

f r o m  t h e  o u t p u t  waveform. I n  these three c a s e s ,  it i s  n o t  nec-  

e s s a r y  t o  process t h e  o u t p u t  waveform t o  d e t e r m i n e  t h e  p a r a m e t e r s  

of i n t e r e s t  s i n c e  they c a n  be read direct ly  f r o m  t h e  waveform and  

therefore the Gevslcpment. of an s i n g l e  p a r a m e t e r  t e s t i n g  es t i -  

m a t o r  i s  n o t  recommended f o r  these components.  



2.8 Component C a t e g o r y  - M i s c e l l a n e o u s  
Group r e s p o n s i b l e  - Measuring Group 
T e s t  procedures - QUAL-AAT-2013, Frame R a t e  and  Frequency t o  

DC C o n v e r t e r  
QUAL-AAT-2037, V o l t a g e  I n v e r t e r  
QUAL-AAT-2061, Frequency  t o  DC C o n v e r t e r  

These components a r e  b e i n g  grouped  together s i n c e  t h e  f i n a l  

checkout a n d  c a l i b r a t i o n  level t e s t i n g  which i s  performed on 

t h e m  i s  e s s e n t i a l l y  t h e  same. The t e s t i n g  c o n s i s t s  of: 

V i s u a l  i n s p e c t i o n  
N o i s e  level 
C a l i b r a t i o n  check 

A t  t h e  a c c e p t a n c e  level of t e s t i n g  for  these components,  it i s  

assumed t h a t  a f r e q u e n c y  response tes t  i s  performed for which 

t h e  s i n g l e  p a r a m e t e r  test t e c h n i q u e s  developed i n  Phases  A, B 

and  C would be a p p l i c a b l e ,  O b t a i n i n g  t h e  i n f o r m a t i o n  needed  

u s i n g  j u s t  o n e  growing  e x p o n e n t i a l  p r o b i n g  s i g n a l  would a c h i e v e  

a t e s t i n g  t i m e  r e d u c t i o n ,  

One of t h e  objectives of Xiase  E r?f t h e  proqram will be t o  de- 

velop a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  t o  d e t e r m i n e  t h e  

l i n e a r i t y  of a component, If a t e c h n i q u e  c a n  be developed ,  it 

w i l l  be s u i t a b l e  t o  t e s t i n g  f o r  t h e  l i n e a r i t y  of these three 

components ,  
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2.9 Assemblies - Accelerometer, AC Amplifier 
Accelerometer, Emitter Follower, AC Amplifier 
Microphone, Emitter Follower, AC Amplifier 

Group responsible - Measuring Group 
Test procedures - QUAL-AAT-2005, 2007A, 2006, 2007, 1008, 

2074, 2101, 2077 

The assemblies listed above are subject to the following tests 

at the final checkout and calibration testing level: 

Visual inspection 
Calibration test 

All are basically discussed as components in other parts of this 

section and in this discussion we will treat these assemblies 

as integral units, 

The single parameter testing procedures, developed in Phase A, B 

and C are applicable to the testing of these assemblies, We will 

discuss the testing of the accelerometer, emitter follower, AC 

amplifier assembly as a typical example and show how single 

ps rzns te r  testing may be performed. The total transfer function 

for the subsystem is: 

EO - ( s )  = 
Ain 

This transfer function can now be tested to measure the following 

w w w and K = K1K2K3, Deviations in parameters, wl, C,, 
these parameters would indicate malfunctions of one or more of 

2' 3' 4 

the components, The overall gain would be established, and cor- 

rections in gain could be made by adjustment of the AC amplifier 
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gain control. A unit passing the single parameter test would 

assure that each component is operating within specifications. 

One application problem with a single parameter test may be to 

drive the input acceleration with an exceptable input signal 

to allow the measurement of output parameters. In the micro- 

phone assembly, a proper driving sound signal would need to be 

provided . 
The advantage of such a testing procedure is that it would elim- 

inate the testing at various freauencies to establish assembly 

frequency responses (66B26124). Documents which were reviewed 

in addition to the procedures listed above were: 

60B73095, Amplifier Module, AC, Specification for 
60B7311, Amplifier Assembly, AC 
60B26124, Calibrated Set: Accelerometer, AC Amplifier, 

MIL-A-60146 Amplifier, Electronic Control 
Checkout Procedures for S-IB-1 Measurement Systems 
Checkout Procedures for S-IU Measuring Systems 

Emitter Follower 
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3.0 R F  GROUP COMPONENTS 

D e s c r i p t i o n s  of t h e  R F  components  listed i n  ~ p p e n d i x  A a n d  t h e  

p r o c e d u r e s  u s e d  t o  test  t h e  equipment  w e r e  ana lyzed .  The c o m -  

p o n e n t s  c o n s i s t i n g  of t r a n s p o n d e r s  (ODOP, Type C Azusa, and  

C-Band) a n d  receivers (AN-DRW13 and MCR-503), a r e  of a com- 

plexity s u c h  t h a t  t h e  t w o  t e c h n i q u e s  developed i n  Phases  A, 

B and  C c o u l d  n o t  be a p p l i e d  a t  t h i s  t i m e .  I n  simpler systems, 

t h e  as sumpt ion  i n  t he  mathemat ics  of n e g l e c t i n g  h igh  order 

T a y l o r  series t e r m s  ( s e e  P h a s e  C report, r e f e r e n c e  4) does 

n o t  s e r i o u s l y  a f f e c t  t h e  a c c u r a c y  of t h e  p a r a m e t e r  p r e d i c t i o n .  

W i t h  a component of t h e  complexity of a receiver, t h e  a c c u r a c y  

would be a f f e c t e d .  F u t u r e  development  of s i n g l e  p a r a m e t e r  tes t -  

i n g  t e c h n i q u e s  may l e a d  t o  p r o c e d u r e s  for t e s t i n g  these R F  com- 

p o n e n t s .  
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4.0 TELEMETRY GROUP COMPONENTS 

D e s c r i p t i o n s  of t h e  telemetry components  l i s ted i n  Appendix A 

a n d  t h e  p r o c e d u r e s  u s e d  t o  test  t h i s  equ ipmen t  w e r e  a n a l y z e d .  

It i s  c o n c l u d e d  t h a t  t h e  two  t e c h n i q u e s  b e i n g  e v a l u a t e d  a t  t h i s  

t i m e  would n o t  be s u i t a b l e  t o  test  telemetry equ ipmen t  because 

of t h e  d i g i t a l  n a t u r e  of t h e  telemetry s i g n a l s .  The s i n g l e  

parameter t e s t i n g  philosophy c o u l d  be u s e d  t o  develop t e s t i n g  

t e c h n i q u e s  for telemetry equipment  b u t  these t e c h n i q u e s  would 

be enough d i f f e r e n t  f r o m  our p r e s e n t  t echn ic rues  t h a t  t h e  pro- 

j e c t i o n  a s  t o  what  t e s t i n g  i n f o r m a t i o n  c o u l d  be o b t a i n e d  a n d  

how a c c u r a t e  it would  be, c a n  n o t  be made a t  t h i s  t i m e .  
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5.0 NETWORKS GROUP COMPONENTS 

The scope of t h e  objectives of t h e  p rogram do n o t  e x t e n d  t o  t h e  

type of components  tested by t h e  N e t w o r k s  Group a n d  therefore 

t h e  s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  developed i n  P h a s e  A, 

B a n d  C a r e  n o t  a p p l i c a b l e  i n  t h i s  a r e a .  
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6 , 0 COST EFFECT NENESS CONS IDERATIONS 

The economics of developing a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  

for a g i v e n  component w i l l  depend upon a number of t h e  f o l l o w i n g  

cost effectiveness c o n s i d e r a t i o n s .  

1, T e s t i n g  level - t h e  cost e f f e c t i v e n e s s  of t h e  s i n g l e  p a r a m e t e r  

t e s t i n g  t e c h n i q u e  w i l l  be a f u n c t i o n  of t h e  t e s t i n g  level a t  

which it i s  a p p l i e d ,  Examples of t e s t i n g  l e v e l s  a r e :  

a. d e s i g n  and  development  p h a s e  t e s t i n g  

b, a u a l i f i c a t i o n  t e s t i n g  

c. p r o d u c t i o n  a c c e p t a n c e  t e s t i n g  

d, f i n a l  c h e c k o u t  and c a l i b r a t i o n  t e s t i n g  

e, o p e r a t i o n a l  checkou t  t e s t i n g  

f ,  t r o u b l e - s h o o t i n g  and  m a i n t e n a n c e  t e s t i n g  

A good d i s c u s s i o n  of t h e  o b j e c t i v e s  of these t e s t i n g  l e v e l s  

c a n  be found i n  r e f e r e n c e  6, Once a s i n g l e  p a r a m e t e r  tes t  

t e c h n i q u e  is cievekgerl for a p p l i c a t i o n  a t  o n e  t e s t i n g  level 

it could t h e n  be u s e d  a t  the l a t e r  levels, 

2 ,  Number of components t o  be tested - t h e  b e n e f i t  t o  be g a i n e d  

by d e v e l o p i n g  a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  w i l l  be 

a f u n c t i o n  of t h e  number of components of a given type t o  

be tested. 

3, N u m b e r  of p a r a m e t e r s  t o  measure  - t h e  cost e f f e c t i v e n e s s  w i l l  

be a f u n c t i o n  of t h e  number of component p a r a m e t e r s  t o  be 

measured,  A s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  development  
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would be j u s t i f i e d  t o  d e t e r m i n e  f i v e  or s ix  component par- 

a m e t e r s  b u t  n o t  for a component w i t h  o n l y  o n e  p a r a m e t e r  t o  

test. 

4. Number of d a t a  p o i n t s  needed t o  d e t e r m i n e  a p a r a m e t e r  - for  

example a f r e q u e n c y  r e s p o n s e  may r e q u i r e  d a t a  t o  be t a k e n  

a t  many test p o i n t s  w i t h  a large p o t e n t i a l  t i m e  s a v i n g s  o r  

a p a r t i c u l a r  t i m e  c o n s t a n t  may r e q u i r e  o n l y  one  d a t a  p o i n t  

w i t h  no  p o t e n t i a l  t i m e  s a v i n g s .  

5. Component model development - t he  f i r s t  step i n  d e v e l o p i n g  

a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  is  t o  o b t a i n  a n  a c -  

c u r a t e  nominal  model of t h e  component t o  be tested. For 

some components t h e  t r a n s f e r  f u n c t i o n  i s  a v a i l a b l e  or can  

be r e a d i l y  d e t e r m i n e d  a n d  t h e r e f o r e ,  t h e  model c o u l d  be 

e a s i l y  developed. For  other components an  a c c u r a t e  model 

would be d i f f i c u l t  t o  o b t a i n  d u e  t o  t h e  complexity, and  

t h e  n o n l i n e a r i t i e s  fnveLTved, 

6. Component complexity - t h e  t i m e  r e q u i r e d  t o  develop t h e  

s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i a u e  a f t e r  t h e  model is 

o b t a i n e d ,  w i l l  be p r o p o r t i o n a l  t o  t h e  component complexity. 

7. F r e e  i n f o r m a t i o n  - a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  may 

give a d d i t i o n a l  pa rame te r  i n f o r m a t i o n  w i t h  no i n c r e a s e  i n  

t e s t i n g  t i m e  when compared t o  c o n v e n t i o n a l  t e s t i n g  t e c h -  

n i q u e s .  
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8. D e g r a d a t i o n  d u e  t o  t e s t i n g  - a s i n g l e  p a r a m e t e r  t e s t i n g  

t e c h n i q u e  w i l l  t a k e  less t i m e  t o  perform t h a n  c o n v e n t i o n a l  

t e s t i n g  t e c h n i q u e s  a n d  therefore c a u s e  less component de- 

g r a d a t i o n  d u e  t o  t e s t i n g .  The u s e  of smooth i n p u t  t e s t i n g  

s i g n a l s  a s  opposed t o  impulses o r  step f u n c t i o n s  w i l l  a l s o  

mean less d e g r a d a t i o n .  

9, Accuracy  of p a r a m e t e r  d e t e r m i n a t i o n  - t h e  r e q u i r e d  a c c u r a c y  

for p r e d i c t i n g  a g i v e n  p a r a m e t e r  w i l l  depend  on  t h e  t e s t i n g  

level a n d  a l s o  t he  p a r t i c u l a r  p a r a m e t e r .  The a c c u r a c y  of 

p a r a m e t e r  d e t e r m i n a t i o n  w i t h  s i n g l e  p a r a m e t e r  t e s t i n g  tech-  

n i q u e s  w i l l  i n  g e n e r a l  be less t h a n  w i t h  c o n v e n t i o n a l  test- 

i n g  t e c h n i q u e s .  

10 . Range of p a r a m e t e r  v a r i a t i o n  - t h e  r e q u i r e d  a c c u r a c y  for  

p r e d i c t i n g  a g i v e n  p a r a m e t e r  w i l l  depend on t h e  t e s t i n g  

l eve l  a n d  a l s o  t h e  p a r t i c u l a r  p a r a m e t e r ,  For example,  

i n  the  f i n a l  c h e c k o u t  and  c a l i b r ? + i o n  p h a s e  it would be 

a d e q u a t e  t o  know t h a t  a p a r a m e t e r  i s  f a r  f r o m  t h e  nominal  

v a l u e  w i t h o u t  knowing what t h e  p a r t i c u l a r  v a l u e  i s  s i n c e  

t h e  component would t h e n  be rejected, If a component 

parameter var ies  outside of a g i v e n  r a n g e ,  t h e  p r e d i c t i o n  

a c c u r a c y  of a l l  of t h e  p a r a m e t e r s  is  d e c r e a s e d  w i t h  a 

s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e .  The f a c t  t h a t  a param- 

eter h a s  u n d e r  g o n e  a l a rge  change  w i l l  be e v i d e n t ,  however, 

a n d  t h e  component c a n  be rejected. 
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11. R e l i a b i l i t y  r e q u i r e m e n t s  - t h e  r e a l i a b i l i t y  r e q u i r e m e n t s  

for  a g i v e n  component,  p a r t i c u l a r l y  i n  t h e  c a s e  of space 

vehicle components ,  may j u s t i f y  or demand i n c r e a s e d  t e s t i n g  

a t  a g i v e n  t e s t i n g  level. Fbr example, some tests t h a t  a r e  

n o r m a l l y  c o n s i d e r e d  p a r t  of a c c e p t a n c e  t e s t i n g  may n e e d  t o  

be repeated a t  t h e  f i n a l  c h e c k o u t  a n d  c a l i b r a t i o n  t e s t i n g  

level. 

12 .  T e s t  equipment  complexity - t h e  number, cost, w e i g h t ,  c a l -  

i b r a t i o n  a n d  s e t - u p  t i m e ,  and  g e n e r a l  complexity of t h e  

tes t  e a u i p m e n t  required t o  perform t h e  tests for a g i v e n  

component w i t h  c o n v e n t i o n a l  t e c h n i q u e s  v e r s u s  a s i n g l e  

p a r a m e t e r  t e s t i n g  t e c h n i q u e  a r e  c o n s i d e r a t i o n s .  

13. Q u a l i f i c a t i o n s  of t e s t i n g  p e r s o n n e l  - a n  e n g i n e e r  would  be 

r e q u i r e d  t o  develop a component s i n g l e  p a r a m e t e r  t e s t i n g  

t e c h n i q u e  b u t  it would be appl ied by p e r s o n n e l  n o r m a l l y  

a s s i g n e d  t o  t e s t i n g  s u c h  componeiits. 

14. T e s t  s impl ic i ty  - s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  w i l l  

i n  g e n e r a l  be easier t o  apply t h a n  c o n v e n t i o n a l  t e s t i n g  

t e c h n i q u e s  b u t  more complex t o  develop. 

15. G e n e r a l  p u r p o s e  test equipment  - c a n  t h e  s i n g l e  p a r a m e t e r  

test  equipment  w i t h  o n l y  a d j u s t m e n t s  be u s e d  t o  t es t  sev- 

e r a l  of t h e  d i f f e r e n t  components  which must be tested. 
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16. Time - t h i s  t ies  together s e v e r a l  i t e m s  w h i c h  have been  

previously discussed such as: number of i t e m s  t o  test, 

number of p a r a m e t e r s  t o  measure ,  component  model a v a i l -  

a b i l i t y ,  component model development  t i m e ,  etc. How 

c r i t i c a l  t he  t i m e  factor i s  w i l l  depend upon t h e  test- 

i n g  level. 

The above  i t e m s  a r e  r e p r e s e n t a t i v e  of some of t h e  f a c t o r s  which 

n e e d  t o  be c o n s i d e r e d  i n  d o i n g  a cost e f f e c t i v e n e s s  e v a l u a t i o n  

of t h e  deve lopment  of a s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e  for  

a g i v e n  component. T h e r e  i s  a n  i n t e r a c t i o n  be tween  many of t h e  

i t e m s  o n  t h e  a b o v e  l i s t .  Time l i m i t s  a n d  t h e  i n f o r m a t i o n  a v a i l -  

a b l e  do n o t  perfi t  a complete cost e f f e c t i v e n e s s  e v a l u a t i o n  for 

each of t n e  15s csrnFcnQnts which a r e  b e i n g  c o n s i d e r e d  i n  t h i s  

s t u d y  p h a s e  but  t h e  above  l i s t  i s  i n c l u d e d  i n  t h i s  report t o  

g ive  a n  example  of f a c t o r s  t h a t  should be c o n s i d e r e d  d u r i n g  

s u c h  a n  e v a l u a t i o n ,  
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7.0 CONCLUSIONS 

The main objective of Phase  D of t h i s  program, h a s  been  t o  a s s e s s  

t h e  g e n e r a l  u s e f u l n e s s  of s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  a s  

a p p l i e d  t o  components which t h e  E l e c t r i c a l  T e s t  and  A n a l y s i s  Branch 

a r e  r e s p o n s i b l e  for t e s t i n g .  The p a r t i c u l a r  components which w e r e  

found t o  be a p p l i c a b l e ,  a n d  t h e i r  a s s o c i a t e d  c h a r a c t e r i s t i c s  which 

c o u l d  be tested by s i n g l e  p a r a m e t e r  t e c h n i q u e s  a r e  g i v e n  i n  t h e  

body of t h i s  report. 

O f  t h e  108  component t e s t  procedures u s e d  by t h e  Measur ing  G r o u p  

it was found t h a t  s i n g l e  p a r a m e t e r  t e s t i n g  t e c h n i q u e s  a r e  a p p l i -  

c a b l e  for  43 of t h e  p r o c e d u r e s .  A f t e r  t h e  development  of n o n l i n e a r  

t e s t i n g  t e c h n i q u e s  t h e  number o f  a p p l i c a b l e  p r o c e d u r e s  w o u l d  be 

incLeGscZ 2nd m o r e  p a r a m e t e r s  w i l l  be a b l e  t o  be measured on t h e  

components  which a r e  p r e s e n t l y  a p p l i c a b l e .  In  t h e  R F  G r o u p ,  

Telemetry Group and  N e t w o r k s  Group, no  t es t  p r o c e d u r e s  w e r e  found 

a p p l i c a b l e  a i  t h i c  t i m e :  d u e  p a r t l y  t o  t h e  type of components,  

t h e  complexity of t h e  components and  t h e  l i m i t s  of t h e  p r e s e n t  

t e c h n i q u e s  . 
I n  t h e  a s s e s s m e n t  of g e n e r a l  c l a s s e s  of e q u i p m e n t  t h e  p r e s e n t  

t e c h n i q u e s  a r e  b a s i c a l l y  a p p l i c a b l e .  B r i e f  i n v e s t i g a t i o n s  of 

e l e c t r o m e c h a n i c a l ,  pneumat ic  and h y d r a u l i c  systems and  components 
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showed t h a t  the  methods developed a r e  a p p l i c a b l e  a n d  t h e  n o n l i n e a r -  

i t ies  which a r e  t o  be e x p e c t e d  i n c l u d e d  l i m i t i n g ,  dead-band,  a n d  

hysteresis, 

Tne n o n l i n e a r  a n a l y s i s  t o  be performed i n  Phase  E w i l l  be p a r t i c -  

u l a r l y  c o n c e r n e d  w i t h  t h e  l i n e a r i t y  a n d  l i m i t i n g  c h a r a c t e r i s t i c s  

s i n c e  these w e r e  found  t o  3e p r o m i n e n t  i n  m o s t  of t h e  equipment  

tested a c c o r d i n g  t o  t h e  test  p r o c e d u r e s ,  

eloped w i l l  f o l l o w  t h e  l i n e s  of t h e  p r e v i o u s  a n a l y t i c a l  e f for t  

The methods t o  be dev- 

a n d  a l s o  t h e  w o r k  reported i n  r e f e r e n c e s  9 and  10, The  object 

w i l l  be t o  a n a l y t i c a l l y  show t h e  p r o c e d u r e s  n e c e s s a r y  t o  measu re  

t h e  n o n l i n e a r  c h a r a c t e r i s t i c s  and t h e  dynamic p a r a m e t e r s  described 

by t h e  t r a n s f e r  f u n c t i o n s ,  

Thus s i n g l e  p a r a m e t e r  t e s t i n g  ceciii-iiqszs !-re found t o  be a p 2 l i -  

c a b l e  t o  many S a t u r n  components a n d  a l s o  g e n e r a l  classes of e q u i p -  

ment.  It i s  recommended t h a t  i f  m o d i f i c a t i o ?  of p r e s e n t  t e s t i n g  

p r o c e d u r e s  i s  c o n t e m p l a t e d ,  t h a t  it s h o u i 3  2s c=.l?.diJcted a t  a l l  

levels of t e s t i n g  t o  a c h i e v e  t h e  maximum b e n e f i t .  The tes ts  for  

a p a r t i c u l a r  component s h o u l d  be developed by t h e  vendor  t o  be 

u s e d  i n  h i s  q d a l i f i c a t i o n  and  a c c e p t a n c e  t e s t i n g  and  a l s o  be 

u s e d  by t h e  c u s t o m e r  for a c c e p t a n c e  and  f i n a l  c h e c k o u t  and  

c a l i b r a t i o n  t e s t i n g  . 
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APPENDIX A 

Measuring Group 

- No. Equipment 

2000 Turbine Tachometer 

2001 DC Amplifiers 

2002 Liquid Level Probes 

2004 DC Amplifiers 

2005 AC Amplifiers 

2006 Accelerometers 

2007 Emitter Follower & Accelerometer 

2008 Emitter Follower & Accelerometer 

2009 Propellant Taii’l; TSS+ 

2010 Zone Box 

2011 2 2 4  volt Power supply 

2012 Fuse Module 

2013 Frame Rate & Frequency to DC Converter 

2014 Liquid Level Rack 

2015 Pressure Transducers 

2016 5-Volt Power Supply 

2017 Camera Lights 

2018 Glennite Accelerometers 

2019 Accelerometers 

2020 Donner Accelerometers 

2 0 2 1  Thermocouples 

2022 Pulse Divider 

2023 1st Motion & Cutoff Module 
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Measur ing  Group 

No. - 
2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

2035 

2036 

2037 

2038 

2039 

2040 

2041 

2042 

2043 

2044 

2045 

2046 

2047 

Equipment 

R e s i s t a n c e  Thermometers 

Cont. L i q u i d  L e v e l  P r o b e  

8, 25, 40 Second T imers  

T h e r m i s t o r s  

R a t e  G y r o  & A d a p t e r  

R i s e  R a t e  Detector 

R e s i s t a n c e  T h e r m o m e t e r  

P r e s s u r e  T r a n s d u c e r  

Measurement C a l i b r a t o r  

PSID P r e s s u r e  T r a n s d u c e r  

Rack Select Module 

C o n t i n u i t y  T e s t  

I n v e r t e r  Frequency  Measur ing  Adapter 

V o l t a g e  I n v e r t e r  

PSIA P r e s s u r e  T r a n s d u c e r  

N o t  A s s i g n e d  

PS I A  P r e s s u r e  T r a n s d u c e r  

R a t e  G y r o  

Servo Accelerometer 

C a l o r i m e t e r  

R e m o t e  C a l i b r a t o r  

S p i n  Type Accelerometers 

Frequency  Dividers  

Eng ine  Cutoff S e n s o r ,  Lox 

2048 Flow Meter 
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Measuring Group I 

- No, Eauipment 

2049 Liquid Level Sensor 

2050 Pyrotechnic Liquid Level Det. 

2051 DOC. Amplifiers 

2052 DOC. Amplifiers 

2053 Calorimeters 

2054 DOC. Amplifiers 

2055 Speed Sensing Translducer 

2056 Spectrum Analyzer 

2057 Time Correlation Unit 

2058 Angular Rate Gyro 

2059 Liquid Loading Electronics 

2060 Microphone Assembly 

2061 Frequency - To - DC Converter 
2062 DC Amplifiers 

2063 PSIA Pressure Transducers 

2064 PSID Pressure Transducers 

2065 Accelerometer 

2066 Servo Accelerometer 

2067 Strain Gage 

2068 Sync Buffer Unit 

2069 Lox Tank 

2070 Flowmeter 

2071  Fuel Tank 

2072 Liauid Level Detector LOX and Fuel 

2073 Liquid Level Detector LOX and Residual 
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Measuring Group 

I -  1 
I t  

1 

I 

I 

I 
t 
I 

- No. Equipment 

2074 Calibrated Set: 
Accelerometer 
A.C. Amplifier 
Emitter Follower 
Cable 

2075 Calibrated Set: 
Ac c e 1 e romet er 
A.C. Amplifier 

2076 DC Amplifier Assembly: For Leak Detectors 

2077 Calibrated Set: Microphone, Emitter Follower 

2078 Cut-off Sensor: Engine Fuel Depletion 

2079 Transducer, Temperature Resistance Type 

2080 Potentiometer, Switch 
I 

2082 

2083 

- n n n  
LUUCr 

2085 

2086 

2087 

2088 

2089 

2090 

1 2091 

I 2092 
I 

2093 

I 2094 

2095 I 

Pulse Converter 

Transducer Absolute Pressure 

Temperature Sensor 

C a h l e  End Cap: LOX, LOX Residual, and Fuel 

Switch, Single Pole Double Throw 

Transducer, Temperature Resistance Type 

Switch, Valve Positioning 

F1 ight Combust ion Monitor System 

Servo Accelerometer Set 

Coil, Pickup 

Lox Loading Probe 

Flowmeter 

Separation Transducer 

Transducer Assembly Thermocouple 

Transducer Assembly, Thermocouple 
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Measuring Group 

No. Es uipment 

2096 Heater, LOX Fill and Drain Valve 

2097 Slosh Electronics 

2098 Measurement Calibrator and Measuring Rack Selector 

2099 Instrumented Base Heat Shield 

- 

2100 Electronic Controller Temperature 

2101 Accelerometer, AC 

2102 Indicator Assembly Main Fuel Valve 

2103 DC Amplifier Assemblies (Astrionics) 

2104 Accelerometer, Vibration 

2105 Accelerometer, Vibration 

21% Accelerometer, Vibration 

2107 Cables Ekt. 

2108 F-1 Engine Functional Checkout 

Amplifier, AC Amplifier Set 
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APPENDIX A 

Telemetry Group 

NO. 

4001 

4003 

4004 

4005 

4008 

4009 

4010 

4011 

- 

.-1 q 
* U A &  

4013 

4014 

4015 

4016 

4018 

4019 

4020 

402 1 

4022 

402 3 

4024 

4025 

4026 

Equipment 

Airborne Tape Recorder 

RF Power Amplifier 

Single Side Band Tel Ass'y 

Telemetry Ca 1 ibra tor 

Telemetry Transmitter 

Remote Digital Sub-Multiplexer 

Model 270 Time Division Multiplexer Assay 

PCWRF Assembly 

Telclmetrv Calibrator 

Model A Telemetry Assly 
Model A1 Telemetry Ass'y 
X06E Telemetry Assay 
X06D-1 Telemetry Ass'y 

Model B Telemetry Ass'y 
Model B11 Telemetry Assay 

Model 301 PCWDDAS Ass'y 

RF Assembly 

Model 410 Digital Multiplexer 

Computer Inter f a c t Unit 

Vibration Multiplexer 

Telemetry Calibration, Power and Control Assay 

vco 
Mixer Amplifier 

TM Ass'y, Mod A/3 

DC Power Isolator 

SSB/FM Top Deck Assly A-6 



APPENDIX A 

R.F. Group 

- No. Eq uipment 

4500 Transponder, ODOP 

4501 Antenna ODOP 

4502 Transponder, Type "C" Azusa 

4503 Deleted from Vehicle 

4504 Command Receiver AN DRW13 

4505 Transponder C-Band 

4506 Antenna C-Band 

4507 Antenna Azusa 

4508 Deleted from Venicla 

4509 Antenna Telemetry 

4510 Antenna Command 

4511 Power Divider Telemetry 

4512 Command System Power Divider 

4513 Telemetry Voltage Standing Wave Ratio (VSWR) Measuring Assly 

4514 Command Directional Coupler 

4515 Telemetry R.F. Multicoupler 

4516 Telemetry Coaxial Switch 

4517 Telemetry R.F. Terminator 

4518 T.V. Antenna 

4519 Hybrid Ring 

4520 T.V. Camera, Camera control & transmitter 

4521 Command Receiver MCR-503 

4522 Telemetry VSWR Monitor 
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