
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD893795

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; APR 1972. Other
requests shall be referred to Arnold
Engineering Development Center, Arnold AFB, TN
37389.

AFWAL ltr  3 Nov 1983



AEDC-TR-72-37 • . ¥ RAY 1 1 1972 

JUH 14 1972 

JUL 2 4 1984 

RADIO TELEMETRY DEVELOPMENT 
FOR AEROBALLISTIC RANGE TESTS 

R. H. Choate 

ARO, Inc. 

April 1972 
e-, ~ ,  v E~.HNICAL ~EPORTS 

PILE COPY 
Dist~bution limited to U.S. Government agencies only; 
this report contains evaluation of commercial equipment; 
April 1972; other requests for this document must be 
referred to Arnold Engineering Development Center 
(XON), Air Force Systems Command, Arnold Air Force 
Station, Tennessee 37389. 

VON K,~RM,~N GAS DYNAMICS FACILITY 
ARNOLD ENGINEERING DEVELOPMENT CENTER 

AIR FORCE SYSTEMS COMMAND 

ARNOLD AIR FORCE STATION, TENNESSEE 

pROPERTY OF U S AIR FORC~ 
AEDC LIBRARY 

F406[.3-vZ-c-OOOS 



NOTICES 
l~hen U. S. Government drawings speci f ica t ions ,  or other data are used for any purpose other than a 
def ini te ly related Government procurement operation, the Government thereby incurs no responsibi l i ty  
nor any obligation whatsoever,  and the fact that the Government may have formulated, furnished, or in 
any way supplied the said drawings, specif ica t ions ,  or other data, is not to he regarded by implication 
or otherwise,  or in any manner l icensing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or se l l  any patented invention that may in any way be 
related thereto. 

Qualified users  may obtain copies  of this report from the Defense Documentation Center.  

References  to named commercial products in this report are not to be considered in any s ense  as  an 
endorsement of the product by the United States Air Force or the Government. 

i b  



AEDC-TR-72-37 

RADIO T E L E M E T R Y  D E V E L O P M E N T  

F O R  A E R O B A L L I S T I C  R A N G E  T E S T S  

R. H. Choate 

ARO, Inc. 

Distribution limited to U.S. Government agencies only; 
this report contains evaluation of commercial equipment; 
April 1972; other requests for this document must be 
referred to Arnold Engineering Development Center 
(XON), Air Force Systems Command, Arnold Air Force 
Station, Tennessee 37389. 



AEDC-TR-72-37 

FOREWORD 

The work  r e p o r t e d  h e r e i n  was s p o n s o r e d  by Arno ld  Eng inee r i ng  
Development  Cen te r  (AEDC), A i r  Fo rce  Sys tems  Command  (AFSC), 
Arno ld  A i r  F o r c e  Stat ion,  Tennes see ,  under  P r o g r a m  E lemen t  64719F. 

The r e s u l t s  of the r e s e a r c h  and deve lopment  r e p o r t e d  h e r e i n  were  
obta ined by ARO, Inc. (a s u b s i d i a r y  of Sve rd rup  & P a r c e l  and A s s o c i a t e s ,  
Inc.  ), con t r ac t  o p e r a t o r  of AEDC, AFSC, Arno ld  A i r  F o r c e  Stat ion,  
T ennes see ,  under  Cont rac t  F40600-72-Co0003.  The r e s e a r c h  and de- 
ve lopment  were  conducted f rom Ju ly  1, 1970, to June 30, 1971, under  
ARO P r o j e c t  No. VGS104. The range  tes t  f i r ings  were  conducted f rom 
Apr i l  8 to Sep tember  10, 1971, under  ARO P r o j e c t s  No. VG0141 and 
VG0141, Rev is ion  A. The m a n u s c r i p t  was submi t t ed  for  publ ica t ion  on 
J a n u a r y  28, 1972. 

Many of the i t ems  d i s cus sed  in th is  r e p o r t  were  not developed or  
manufac tu red  to wi ths tand the t e s t s  to which they  were  subjec ted ,  nor  
to opera te  as appl ied dur ing this  study.  Any fa i lu re  to mee t  the ob jec-  
ti~ves of th is  s tudy is no r e f l ec t i on  on any of the  c o m m e r c i a l  i t ems  d i s -  
cussed  here in ,  nor  on any m a n u f a c t u r e r .  

The au thor  g ra t e fu l ly  acknowledges  the con t r ibu t ions  to this  r e p o r t  
of many  co l leagues ,  p a r t i c u l a r l y  the following: R. P.  Young, for  work 
in c i r cu i t  and model  design;  B. W. Gi l ley ,  for  p r e p a r a t i o n  of the data  
acqu is i t ion  s y s t e m ;  H. G. Love,  for  f ab r i ca t ion  and encapsu la t ion  of 
the t e s t  mode ls ;  M. K. Kingery,  for  a s s i s t a n c e  r e n d e r e d  dur ing  the t e s t  
f i r ing  phase  of the p r o g r a m ;  and J .  C. Adams,  J r . ,  for  con t r ibu t ions  to 
data  reduc t ion .  

This  t echn ica l  r epo r t  has been r ev iewed  and is approved.  

Mar sha l l  K. Kingery  
R e s e a r c h  and Development  

Divis ion 
D i r ec to r a t e  of Technology 

R. O. Dietz 
Acting D i r e c t o r  
D i r e c t o r a t e  of Technology  

i i  



AEDC-TR-72-37 

ABSTRACT 

An a e r o b a l l i s t i c  r a n g e  t e l e m e t r y  s y s t e m °  d e v e l o p e d  for  h e a t -  
t r a n s f e r  m e a s u r e m e n t s ,  was  e v a l u a t e d  by m e a n s  of s t a t i c  and d y n a m i c  
t e s t s  and then  s u b j e c t e d  to ac tua l  r a n g e  l a u n c h i n g s .  H e a t - t r a n s f e r  i n -  
f o r m a t i o n  was t e l e m e t e r e d  f r o m  con i ca l  m o d e l s  in f l ight  on two 
s u c c e s s i v e  l a u n c h e s  in the  VKF 1000-ft  H y p e r b a l l i s t i c  Range  (G)o The  
m o d e l s ,  s h a r p ,  10 -deg  (ha l f - ang l e )  cones  of 2 . 0 - i n .  b a s e  d i a m e t e r ,  
w e r e  in f r e e  f l ight  n e a r  Mach  6 at f r e e - s t r e a m  p r e s s u r e s  n e a r  50 t o r t °  
H e a t - t r a n s f e r  t r a n s d u c e r s  w e r e  l o c a t e d  on the  c o n i c a l  s u r f a c e s  at 
69 .4  p e r c e n t  of the  d i s t a n c e  f r o m  the  n o s e  to the  b a s e .  T e l e m e t e r e d  
h e a t - t r a n s f e r  r a t e s ,  in the  v i c i n i t y  of 25 B t u / f t 2 - s e c 0  w e r e  about  10 
and 25 p e r c e n t  be low t h e o r e t i c a l l y  p r e d i c t e d  v a l u e s  on t h e s e  two s h o t s .  
S e v e r a l  p o s s i b l e  r e a s o n s  for  d i s a g r e e m e n t  b e t w e e n  t e l e m e t e r e d  and 
t h e o r e t i c a l  da ta  a r e  i den t i f i ab l e .  

i l l  
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SECTION I 
I N T R O D U C T I O N  

A 1000-ft  long,  10-f t  d i a m e t e r ,  v a r i a b l e - d e n s i t y  r a n g e  (Ref .  14 
h e r e a f t e r  r e f e r r e d  to as  Range  G, is  i nc luded  a m o n g  the  a e r o d y n a m i c  
t e s t  un i t s  c o m p r i s i n g  the  yon  K ~ r m ~ n  Gas  D y n a m i c s  F a c i l i t y  (VKF)  of 
the  A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r .  Th i s  r a n g e  is  we l l  s u i t e d  
fo r  s u c h  a p p l i c a t i o n s  as  the  m e a s u r e m e n t  of a e r o d y n a m i c  c o e f f i c i e n t s ,  
s t a t i c  and d y n a m i c  s t a b i l i t y  t e s t i n g ,  f low f ie ld  d i a g n o s t i c s ,  o r  i n v e s t i -  
ga t i ng  any o t h e r  p a r a m e t e r  ob t a inab l e  t h r o u g h  e x t e r n a l  o b s e r v a b l e s .  
The  u s e f u l n e s s  of s u c h  r a n g e  t e s t  f a c i l i t i e s  would be g r e a t l y  e n h a n c e d  
i f  a e r o d y n a m i c  data  (i .  e . ,  p r e s s u r e s ,  h e a t - t r a n s f e r  r a t e s )  could  be 
a c q u i r e d  f r o m  the s u r f a c e  of the  f r e e - f l i g h t  mode l .  Radio  t r a n s m i t t e r s  
o f f e r  p e r h a p s  the  bes t  m e t h o d  at p r e s e n t  fo r  r e l a y i n g  s u c h  a e r o d y n a m i c  
i n f o r m a t i o n  f r o m  the  m o d e l s  to r e m o t e  r e c o r d i n g  s t a t i o n s .  S a t i s f a c t o r y  
d e v e l o p m e n t  of a r e l i a b l e  t e l e m e t r y  s y s t e m  fo r  th i s  p u r p o s e  would 
r e p r e s e n t  a m a j o r  b r e a k t h r o u g h  in h y p e r v e l o c i t y  r a n g e  t e s t i n g  t e c h n i q u e s .  

A p r o g r a m  was  i n i t i a t e d  to d e m o n s t r a t e  a t e l e m e t r y  c a p a b i l i t y  to 
p r o v i d e  a e r o d y n a m i c  m e a s u r e m e n t s  f r o m  f r e e - f l i g h t  m o d e l s .  The  t e s t  
m o d e l  s e l e c t e d  was  a s h a r p ,  10-deg  ( h a l f - a n g l e )  cone .  The  goa l  of the  
p r o g r a m  was  to  a c q u i r e  s u r f a c e  h e a t - t r a n s f e r  r a t e  da ta  v ia  t e l e m e t r y  
at a f l ight  v e l o c i t y  n e a r  7000 f t / s e c  in  Range  G. 

A s i m p l e ,  C o lp i t t s  o s c i l l a t o r  was  s e l e c t e d  as  the  b a s i c  t e l e m e t r y  
t r a n s m i t t e r  b e c a u s e  s i m i l a r  t r a n s m i t t e r s  (but wi thout  t r a n s d u c e r s )  had 
o p e r a t e d  s a t i s f a c t o r i l y  a f t e r  s u r v i v i n g  peak  l a u n c h  a c c e l e r a t i o n s  in  
e x c e s s  of 100, 000 g in a n o t h e r  VKF r a n g e  f a c i l i t y  (Ref .  2). In a p r e -  
l i m i n a r y  e v a l u a t i o n  of th i s  s a m e  type  of t r a n s m i t t e r  in Range  G, at  peak  
l a u n c h  a c c e l e r a t i o n s  n e a r  80, 000 g and v e l o c i t i e s  n e a r  10. 000 f t / s e c ,  i t  
was  found tha t  t e l e m e t e r  p e r f o r m a n c e  was  g e n e r a l l y  poor .  H o w e v e r ,  
f u r t h e r  l a u n c h e s  at d i f f e r e n t  r a n g e  p r e s s u r e s  led to  the  c o n c l u s i o n  tha t  
m u c h  of t h i s  poor  p e r f o r m a n c e  in Range  G could  be a t t r i b u t e d  to i n t e r -  
a c t i o n s  be tween  the  e l e c t r o m a g n e t i c  r a d i a t i o n  f r o m  the  t r a n s m i t t e r  and 
the  o v e r d e n s e  p l a s m a  in the  flow f ie ld  of the  blunt  t e s t  m o d e l  u sed  at 
t h e s e  v e l o c i t i e s .  The  use  of a s h a r p  c o n i c a l  m o d e l  would r e d u c e  i o n i z a -  
t i on  e f f ec t s  by  o r d e r s  of m a g n i t u d e  b e c a u s e  the  v e l o c i t y  would be l o w e r ,  
and a peak  l a u n c h  a c c e l e r a t i o n  of on ly  30, 000 g would be needed .  Thus ,  
no s e v e r e  d i f f i c u l t i e s  w e r e  a n t i c i p a t e d  in s u c c e s s f u l  c o m p l e t i o n  of the  
p r o p o s e d  Range  G p r o g r a m .  

The  s u i t a b i l i t y  of the  t e l e m e t r y  t r a n s m i t t e r ,  mode l ,  and sabo t  fo r  
the  p r o p o s e d  a p p l i c a t i o n  was  to be v e r i f i e d  by m e a n s  of s t a t i c  c o m -  
p r e s s i o n  t e s t s  and d y n a m i c  i m p u l s e  t e s t s  b e f o r e  c o m m i t m e n t  to a 
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Range  G l au nch  s c h e d u l e .  The  c r e d i b i l i t y  of the  r a n g e  r e s u l t s  was  to 
be a s s e s s e d  by c o m p a r i n g  the  t e l e m e t e r e d  da ta  wi th  wind t u n n e l  o r  
t h e o r e t i c a l  da ta .  

SECTION II 
MODELS AND SABOTS 

2.1 IMPULSE TEST MODEL 

A r i g h t - c i r c u l a r  c y l i n d e r  wi th  a r e m o v a b l e ,  h e m i s p h e r i c a l ,  n o s e  
cap  (F ig .  1, Append ix  I) was  u sed  d u r i n g  the  i m p u l s e  t e s t s  to adap t  the  
t e l e m e t r y  t e s t  p a c k a g e s  to  the  2 . 5 - i n .  b o r e  of the  l a u n c h e r .  The  i m -  
pu l s e  mode l  was m a d e  of p l a s t i c  to  a l low r a d i o  t r a n s m i s s i o n  t h r o u g h  
the  mode l  wal l .  S i l i cone  r u b b e r  was  c a s t  in to  the  t a p e r e d  s e c t i o n  
( F i g .  1) to f u r n i s h  p r o t e c t i o n  for  the  t e l e m e t r y  p a c k a g e  upon d e c e l e r a -  
t i o n  and i m p a c t .  No sabo t  was  r e q u i r e d ,  as  the  p r o j e c t i l e  d i a m e t e r  
was  the  s a m e  as  the  l a u n c h e r  b o r e .  

2.2 RANGE TEST MODELS AND SABOTS 

A s h a r p ,  10-deg,  h a l f - a n g l e  cone m o d e l  wi th  a 2 - in .  b a s e  d i a m e t e r  
was  s e l e c t e d  as  the  t e s t  m o d e l  fo r  the  Range  G l a u n c h e s .  Two d i f f e r e n t  
t y p e s  w e r e  de s igned ;  one wi th  a p l a s t i c  a f t e r b o d y ,  and the  o t h e r  wi th  an  
a l u m i n u m  a f t e r b o d y .  D r a w i n g s  of t h e s e  m o d e l s  a r e  shown in F i g .  2. 
The  t r a n s m i t t e r  in each  mode l  is  p a c k a g e d  wi th in  an  e p o x y - f i b e r  g l a s s  
cup fo r  r e i n f o r c e m e n t .  The  cup i s  m e c h a n i c a l l y  i s o l a t e d  f r o m  the  
mode l  s t r u c t u r e  by an  a i r  gap,  as  can  be s e e n  in  Fig .  2, and t hus ,  
shou ld  be p r o t e c t e d  f r o m  i n e r t i a l  l oad ing  by the  m o d e l  d u r i n g  l aunch .  

A mode l  wi th  a p l a s t i c  a f t e r b o d y  (F ig .  2a) was  d e s i g n e d  fo r  u s e  
d u r i n g  the  i n i t i a l  t e s t s  at 7000 f t / s e c .  A p p r o x i m a t e  we igh t  of th i s  
m o d e l  was  0 .385  lb (175 g r a m s ) .  C a l c u l a t i o n s  i n d i c a t e d  tha t  t h i s  mode l  
could  w i t h s t a n d  peak  l a u n c h  a c c e l e r a t i o n s  n e a r  42, 000 g, w h e r e a s  the  
peak  a c c e l e r a t i o n  e x p e c t e d  for  the  7000 f t / s e c  l a u n c h e s  was  n e a r  
30, 000 g. 

The  m e t a l  m o d e l  (F ig .  2b) was d e s i g n e d  p r i m a r i l y  fo r  p o s s i b l e  
fo l low-up  t e s t s  at h i g h e r  v e l o c i t i e s .  An a n a l y s i s  i n d i c a t e d  tha t  t h i s  
m o d e l  shou ld  w i t h s t a n d  12, 000 f t / s e c  l a u n c h e s .  I t  was  a l s o  to be u sed  
in  the  l a b o r a t o r y  to p e r f e c t  t e c h n i q u e s  fo r  t r a n s m i t t i n g  f r o m  a l l - m e t a l  
m o d e l s .  A s s e m b l e d  weigh t  of th i s  m o d e l  was  0 .495  lb (225 g r a m s ) .  
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The  m o d e l s  w e r e  adap ted  to the  2 . 5 - i n .  - d i a m  l aunch  tube b o r e  by 
s abo t s  which  w e r e  s t r i p p e d  away by a e r o d y n a m i c  f o r c e s  when  the  m o d e l s  
e x i t e d  the  bo re .  G e n e r a l l y ,  a f o u r - p i e c e  sabot  was  used ,  such  as  is 
shown  in Fig .  3 wi th  a t y p i c a l  m o d e l .  A f i v e - p i e c e  sabo t  was  a l s o  a v a i l -  
ab le .  Th i s  was  s i m i l a r  to the  f o u r - p i e c e  sabot  shown but had an a d d i -  
t iona l ,  b o r e - s i z e d  plug beh ind  the  m o d e l  to act  as a gas check .  The  
m a t i n g  s u r f a c e s  of the  sabo t s  w e r e  s a w - t o o t h e d ,  as shown in Fig .  3; 
th i s  was  done  to d e c r e a s e  m u z z l e  gas l e a k a g e  t h r o u g h  the  sabo t  to the  
m o d e l  du r ing  l aunch .  

SECTION III 
RANGE G 

An o v e r a l l  v iew of Range  G is  shown in F ig .  4 (Ref.  1). Th is  r a n g e  
is equ ipped  wi th  a t w o - s t a g e ,  p o w d e r - h y d r o g e n  l a u n c h e r ,  L a u n c h  tube  
l eng th  is n e a r  42 ft, wi th  a b o r e  of 2.5 in. The  r a n g e  t e s t  s e c t i o n  is 
b a s i c a l l y  a 10-ft  d i am,  1000-f t  long,  e v a c u a b l e  s t e e l  tube .  The  in i t i a l  
85 ft of the  r a n g e  is a b l a s t  c h a m b e r  to a b s o r b  the  expand ing  m u z z l e  
g a s e s .  Also ,  sabo t s  a r e  s e p a r a t e d  f r o m  the  m o d e l  h e r e .  

The  t w o - s t a g e  l a u n c h e r  i m p a r t s  a qui te  d i f f e r e n t  a c c e l e r a t i o n - t i m e  
c h a r a c t e r i s t i c  to the  t e s t  m o d e l  f r o m  that  of the  s i n g l e - s t a g e  l a u n c h e r  
u s e d  in p r i o r  t e l e m e t r y  t e s t s .  In the  s i n g l e - s t a g e  l a u n c h e r  of Ref .  2, 
fo r  i n s t ance ,  cold  gas ( g e n e r a l l y ,  h e l i u m )  was i n t r o d u c e d  into a c h a m -  
b e r  unt i l  a d i a p h r a g m  r u p t u r e d ,  i n s t a n t a n e o u s l y  app ly ing  the  peak  p r e s -  
s u r e  to the t e s t  m o d e l  in the  b a r r e l ;  thus ,  the  a c c e l e r a t i o n  d e c a y e d  
r a p i d l y  f r o m  its  i n i t i a l  peak  va lue .  L a t e r ,  the  s i n g l e - s t a g e  l a u n c h e r  of 
Ref.  2 used  a p o w d e r  d r i v e r  to p r o v i d e  h i g h e r  v e l o c i t i e s .  H e r e ,  the  
p r o p e l l a n t  gas  c o n t a i n e d  p o w d e r  c o m b u s t i o n  p r o d u c t s  and c o m b u s t i o n -  
h e a t e d  p r e c h a r g e  gas  (if used) .  In the  t w o - s t a g e  l a u n c h e r ,  i gn i t i on  of 
the  p o w d e r  c h a r g e  d r i v e s  a p i s t on  down a pump tube.  Ahead  of the  
p i s ton  is an u n c o n t a m i n a t e d  p r o p e l l a n t  gas ( h y d r o g e n  in  the  Range  G 
ca se ) .  B e c a u s e  t h e r e  a r e  m a n y  p a r a m e t e r s  wh ich  m a y  be a d j u s t e d  to 
i n f luence  the  p e r f o r m a n c e  of a t w o - s t a g e  l a u n c h e r ,  m a n y  d i f f e r e n t  m o d e l  
a c c e l e r a t i o n - t i m e  h i s t o r i e s  a r e  p o s s i b l e  for  a g iven  m u z z l e  v e l o c i t y .  
The  t w o - s t a g e  l aunch  g e n e r a l l y  can  be m a d e  " s o f t e r "  than  the  s i n g l e -  
s t a g e  launch.  (That  is ,  for  a g iven  ve loc i ty ,  the  peak  a c c e l e r a t i o n  
d u r i n g  a t w o - s t a g e  l aunch ing  can  be m a d e  l o w e r  than  that  d u r i n g  a 

s i n g l e - s t a g e  l aunch ing .  ) The  use  of the  t w o - s t a g e  l a u n c h e r  fo r  the  
p r e s e n t  t e s t s  p r e s u p p o s e d  that  the  t e l e m e t r y  t e c h n i q u e s  d e v e l o p e d  in  
s i n g l e - s t a g e  l a u n c h e r s  w e r e  c o m p a t i b l e  wi th  the  e x i s t i n g  t w o - s t a g e  
l aunch  cyc le .  
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The p r i m a r y  range  i n s t r u m e n t a t i o n  s y s t e m s  used in the t e l e m e t r y  
expe r imen t s  were  the  dua l -ax i s ,  s p a r k  shadowgraph  s ta t ions ,  as 
d e s c r i b e d  in Ref. 3, and the f ron t - l i gh t  l a s e r  photographic  s y s t e m s ,  
de sc r i bed  in Ref. 4. These  two s y s t e m s  provided  the n e c e s s a r y  in-  
f o rma t ion  to obtain model  in tegr i ty ,  at t i tude,  and ve loc i ty ,  as well  as 
pe rmi t t i ng  an examina t ion  of model  su r f ace  condi t ion in fl ight.  

SECTION IV 
TELEMETRY SYSTEM 

4.1 TRANSMITTING SYSTEM 

A Colpi t ts  o s c i l l a t o r ' c o n f i g u r a t i o n  was chosen  as the bas ic  t r a n s -  
m i t t e r ' c i r c u i t .  This  type o s c i l l a t o r  (as shown in Fig.  5) can be f r e -  
quency modula ted  by va ry ing  the value  of the e m i t t e r  r e s i s t o r ,  R1; 
thus,  a v a r i a b l e  r e s i s t a n c e  t r a n s d u c e r  may  be used.  Opera t ing  f r e -  
quency was nomina l ly  150 MHz with the component  va lues  shown. The 
value  of Rbias (nomina l ly  68 k ~)  was s e l ec t ed  to r e su l t  in a nomina l  
c u r r e n t  d ra in  f rom the supply of 1.2 ma.  The power supply for  th is  and 
al l  following t r a n s m i t t e r s  was a s e r i e s - c o n n e c t e d  s t r i n g  of four each  
RM400 or  RM400R m e r c u r y  ce l l s ,  for  a supply vol tage  of nomina l ly  
5 .4  vol ts .  

4.1.1 Thin-Film Transmitter 

The pass ive  components  (excluding the  coil)  shown in the c i r cu i t  
d i a g r a m  in Fig. 5 were  depos i ted  on a s apph i r e  s u b s t r a t e  using in-  
house,  t h i n - f i l m  evapora t ion  t echn iques .  The sapph i r e  s u b s t r a t e s  used 
were  420 by 320 by 30 mi l s ,  with a 250 a n g s t r o m  s u r f a c e  f in ish  on f la ts .  
N i c h r o m e  was used for  r e s i s t o r s ,  copper  for  i n t e r connec t ing  conduc tors ,  
a luminum for c a p a c i t o r  p la tes ,  and s i l i con  monoxide for the  c a p a c i t o r  
d i e l e c t r i c .  An NS 9739 t r a n s i s t o r  was used with t h i n - f i l m  t r a n s m i t t e r s .  
This  t r a n s i s t o r  is s imi lar0  e l e c t r i c a l l y ,  to the 2N918 in Fig. 5, but 
packaged in chip fo rm and having 5 - m i l - d i a m  gold leads .  

4.1.2 Cordwood Transmitter 

The c i r cu i t  d i a g r a m  in Fig. 5 was a l so  used for  cons t ruc t ing  t r a n s -  
m i t t e r s  with cordwood- type  components .  All  of the components  shown 
in Fig.  5 a re  c o m m e r c i a l l y  ava i lab le ,  with the except ion  of the hea t -  
r a t e  t r a n s d u c e r  (el gage), which was f ab r i ca t ed  in -house .  The 2N918 
t r a n s i s t o r  can was opened on a la the ,  then potted i n t e r n a l l y  with 
(warmed,  outgassed)  A r m s t r o n g  C-7 ®, 8 phr  Ac t i va to r  A®. The o ther  

4 
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c o m p o n e n t s  w e r e  u s e d  as p u r c h a s e d .  The  r e s i s t o r s  w e r e  1 / 8 -  o r  
1 / 10-wat t  c a r b o n  r e s i s t o r s ;  the  c a p a c i t o r s  w e r e  NPO g l a s s - d i e l e c t r i c ,  
g l a s s - c a s e  t ypes .  

4.1.3 Cordwood-VVC Transmitter 

A c o r d w o o d - c o m p o n e n t  t r a n s m i t t e r  wh ich  used  a v o l t a g e - v a r i a b l e  
c a p a c i t o r  (VVC) to  p e r m i t  i s o l a t i o n  of the  t r a n s d u c e r  f r o m  the  R F  p o r -  
t ion  of the  c i r c u i t  was  a l s o  c o n s t r u c t e d ,  us ing  the  c i r c u i t  d iagz 'am 
shown  in Fig .  6. Bias  for  the  VVC (a b a c k - b i a s e d  diode)  was  p r o v i d e d  
by a r e s i s t i v e  d i v i d e r ,  wi th  the  t r a n s d u c e r  f o r m i n g  one of the  l e g s .  As 
the  t r a n s d u c e r  was  hea ted ,  i ts  r e s i s t a n c e  i n c r e a s e d .  This  l o w e r e d  the  
v o l t ag e  a c r o s s  the VVC, i n c r e a s i n g  its c a p a c i t a n c e ,  t h e r e b y  l o w e r i n g  
t r a n s m i t t e r  o p e r a t i n g  f r e q u e n c y .  The  150-pF  c a p a c i t o r  and the  56-k  ohm 
r e s i s t o r  p r o v i d e d  dc and RF i s o l a t i o n  of tl~e gage  f r o m  the  t r a n s m i t t e r .  
C u r r e n t  d r a i n  for  the c i r c u i t  shown in Fig.  6 was  a d j u s t e d  to n o m i n a l l y  
2.1 m a  by v a r y i n g  the  Rbias  va lue .  

An MSI E l e c t r o n i c s  type  G 610 was s e l e c t e d  as the  VVC to be used ,  
for  t h r e e  r e a s o n s .  F i r s t ,  i ts c a p a c i t a n c e  of 10 pF  at 4 v was  c o m p a t i b l e  
wi th  the  VKF c i r c u i t .  Second,  the  m o d u l a t i o n  s e n s i t i v i t y  ( t r a n s m i t t e r  
d e v i a t i o n / u n i t  gage  r e s i s t a n c e  change ,  k H z / o h m )  us ing  th i s  VVC would  
equa l  o r  e x c e e d  that  of t he  p r e v i o u s  m o d u l a t i o n  t e c h n i q u e .  Th i rd ,  the  
v o i d - f r e e  c o n s t r u c t i o n  of th is  d e v i c e  g r e a t l y  e n h a n c e d  the  p 6 s s i b i l i t y  of 
s a t i s f a c t o r y  o p e r a t i o n  a f t e r  gun launch .  

4.1.4 FM/FM Transmitter 

An F M / F M  t r a n s m i t t e r  was  a l so  deve loped ,  as a backup  s y s t e m  in 
c a s e  d i f f i cu l t i e s  w e r e  e n c o u n t e r e d  wi th  VVC modu la t i on ,  and to e s t a b -  
l i s h  a ba s i s  for  m u l t i c h a n n e l  g u n - r a n g e  t e l e m e t r y  o p e r a t i o n .  C o r d -  
wood c o m p o n e n t s  w e r e  u s e d  th roughou t .  

In th is  F M / F M  s y s t e m ,  the  s a m e  type  t r a n s d u c e r  as was  u s e d  in 
the  C o l p i t t s - V V C  t r a n s m i t t e r  was now used  to  f r e q u e n c y  m o d u l a t e  a l o w -  
f r e q u e n c y  (~ 24kHz), s u b c a r r i e r  o s c i l l a t o r .  S i m u l t a n e o u s l y ,  the  s u b -  
c a r r i e r  o s c i l l a t o r  f r e q u e n c y  m o d u l a t e d  the  88 MHz VHF t r a n s m i t t e r .  
M u l t i c h a n n e l  da ta  a c q u i s i t i o n  wi th  an F M / F M  s y s t e m  would  r e q u i r e  on ly  
an add i t i ona l  s u b c a r r i e r  o s c i l l a t o r  for  each  da ta  channe l .  (The  above  
d i r e c t  m o d u l a t i o n  s y s t e m s  r e q u i r e  a c o m p l e t e ,  s e p a r a t e ,  t r a n s m i t t e r  
and r e c e i v e r  for  e a c h  channe l .  ) The  de t a i l s  of th i s  F M / F M  s y s t e m  a r e  
s u m m a r i z e d  in Append ix  HI. 

5 
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4.2 TRANSDUCER (¢1 Gage) 

The  ~ gage  d e s i g n e d  fo r  the  g u n - r a n g e  t e s t s  is  shown  in Fig .  7. 
T h i s  s l u g  c a l o r i m e t e r  d e s i g n  u sed  a v a r i a b l e - r e s i s t a n c e ,  s e m i c o n d u c t o r ,  
t e m p e r a t u r e  s e n s i n g  e l e m e n t  ( T e m p  S e n s o r  ®) bonded to the back  of a 
2 0 - m i l  d i sk  of 2024-T4  a l u m i n u m .  N o m i n a l  r o o m - t e m p e r a t u r e  r e -  
s i s t a n c e  was  1000 o h m s .  The  body s h e l l  of the  t r a n s d u c e r  was  c a s t  
f r o m  E m e r s o n  and C u m i n g  S t y c a s t  1090 ® epoxy r e s i n ,  and the  d i s k  was  
bonded to i t  w i th  epoxy .  The  gage  was  c o n t o u r e d  to adap t  to the  c u r v a -  
t u r e  of the  cone  m o d e l  wa l l .  T h i s  type  gage  is  r e f e r r e d  to  as  T y p e  A in  
the  d i s c u s s i o n  wh ich  fo l lows .  

B e n c h  t e s t s  ( t ens ion ,  c o m p r e s s i o n ,  and s h e a r )  i n d i c a t e d  tha t  the  
Type  A gage  could w i t h s t a n d  s t a t i c  l oad ings  c o r r e s p o n d i n g  to l a u n c h  
a c c e l e r a t i o n s  n e a r  250, 000 g .  H o w e v e r ,  two f a i l u r e s  out of t h r e e  
l a u n c h i n g s  in Range  G w e r e  l a t e r  i den t i f i ed  as  gage  f a i l u r e s  (open c i r -  
cui t )  d u r i n g  p r e l i m i n a r y  l a u n c h i n g s  at peak  a c c e l e r a t i o n s  n e a r  30,000 g; 
t h e r e f o r e ,  the  Type  A gage  was  f u r t h e r  r u g g e d i z e d .  F o u r  p ins  w e r e  
s e c u r e d  to  the  c a l o r i m e t e r  d i sk .  T h e s e  p ins  ex t ended  down in to  the  
epoxy  body s h e l l ,  wh ich  was  f i l l ed  c o m p l e t e l y ,  l e a v i n g  no a i r  vo id  of the  
k ind  shown  in F ig .  7. In  add i t ion ,  the  gage  was  e n c l o s e d  in  a 302 s t a i n -  
l e s s  s t e e l  r i n g  of 5 / 1 6 - i n .  OD to d e c r e a s e  i n e r t i a l  l oad ing  of the  gage  by 
the  m o d e l  s t r u c t u r e  d u r i n g  a c c e l e r a t i o n .  T h i s  type  gage  wi l l  be r e -  
f e r r e d  to  as  Type  B. B e n c h  t e s t s  i n d i c a t e d  tha t  t he  gage  hea t  l o s s e s  
r e s u l t i n g  f r o m  the  add i t i on  of an  epoxy  b a c k i n g  to  the  c a l o r i m e t e r  d i s k  
shou ld  not be s i g n i f i c a n t  in the  i n t ended  a p p l i c a t i o n .  

4.3 ENCAPSULATION 

The  s a m e  po t t ing  mix tur .es  and p r o c e d u r e s  w e r e  u sed  t h r o u g h o u t  
for  e n c a p s u l a t i n g  the  t e l e m e t r y  u n i t s  and i n d i v i d u a l  c o m p o n e n t s  fo r  
s t a t i c  c o m p r e s s i o n  t e s t s ,  i m p u l s e  t e s t s ,  and r a n g e  t e s t s .  A f i l l e r ,  
20 p e r c e n t  by we igh t  of 1 / 3 2 - i n .  m i l l e d  f i b e r  g l a s s ,  was  added  to the  
b a s e  epoxy  r e s i n  used ,  A r m s t r o n g  C - 7 ,  to i n c r e a s e  i t s  i m p a c t  s t r e n g t h .  
E igh t  p e r c e n t  by we igh t  (of the  un f i l l ed  b a s e  epoxy)  of A c t i v a t o r  A was  
t h e n  added.  The  po t t ing  m i x t u r e  was  h e a t e d  (~120°F) to i m p r o v e  flow 
c h a r a c t e r i s t i c s ,  t hen  v a c u u m  o u t g a s s e d  to r e m o v e  a i r  bubb les  b e f o r e  
pou r ing .  A v i b r a t o r  t a b l e  was  g e n e r a l l y  u sed  to  i m p r o v e  f u r t h e r  the  
flow c h a r a c t e r i s t i c s  of the  po t t ing  r n a t e r i a l  a r o u n d  the  c o m p o n e n t s .  
E p o x y  c u r e  was  in  a p r e s s u r i z e d  c h a m b e r  at 50 to 75 p s i g  and r o o m  
t e m p e r a t u r e .  

The  s t a t i c  c o m p r e s s i o n  and i m p u l s e  t e s t  s l u g s  w e r e  r i g h t - c i r c u l a r  
c y l i n d e r s  of the  above  po t t ing  m a t e r i a l s ,  w i th  the  c o m p o n e n t s  o r  c i r c u i t s  
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to be t e s t e d  e m b e d d e d  i n s i d e .  T h e s e  s l u g s  w e r e  1. 125-in .  in  d i a m e t e r  
by  1 . 5 - i n .  long,  wi th  the  ends  m a c h i n e d  f la t .  T h e s e  d i m e n s i o n s  a r e  
s u f f i c i e n t  to a c c o m m o d a t e  the  e n t i r e  t e l e m e t r y  t r a n s m i s s i o n  s y s t e m ,  
i n c l u d i n g  t r a n s m i t t e r  c i r c u i t r y ,  gage ,  and b a t t e r i e s .  

The  r a n g e . t e s t  c i r c u i t s  w e r e  e n c a p s u l a t e d  in  s m a l l  f i b e r _ g l a s s  cups ,  
s u c h  as the  one shown  in F ig .  2. T h e s e  cups have  i n s i d e  d i m e n s i o n s  of 
0 . 7 - i n .  in d i a m e t e r  by 0 .6  in.  deep.  N e i t h e r  the  b a t t e r i e s  n o r  the  gage  
a r e  c o n t a i n e d  in  t h i s  cup, on ly  the  t r a n s m i t t e r  c i r c u i t r y .  The  b a t t e r i e s  
and gage  a r e  l o c a t e d  as  shown  in F ig .  2a; thus ,  t h r e e  w i r e s  not s u p -  
p o r t e d  by po t t ing  m a t e r i a l  w e r e  r e q u i r e d  ( shown by the  dot ted l i n e s  in 
F ig .  2a) to connec t  the  gage ,  c i r c u i t r y ,  and b a t t e r i e s .  F i g u r e  8 is  a 
p h o t o g r a p h  of the  o n - b o a r d  t e l e m e t r y  c o m p o n e n t s  p r i o r  to the  e n c a p s u l a -  
t ion  p r o c e s s ,  s howing  the  r e l a t i v e  s i z e s  of the  mode l ,  f i b e r  g l a s s  cup,  
t r a n s m i t t e r  c i r c u i t r y ,  gage,  and b a t t e r i e s .  

J 

4.4 RECEPTION AND RECORDING SYSTEM 

4.4.1 Antenna System 

In d e v e l o p i n g  the an t enn a  s y s t e m  for  t e l e m e t r y  r e c e p t i o n ,  the  
1 0 - f t - d i a m ,  1000- f t - l ong  r a n g e  t ank  was  c o n s i d e r e d  as  a c r u d e  w a v e -  
guide .  In p r e v i o u s  w o r k  (Ref .  2), t h i s  a p p r o a c h  had g r e a t l y  s i m p l i f i e d  
the  a n t e n n a  s y s t e m  needed  in  a 6 - f t - d i a m ,  1 0 0 - f t - l o n g  r a n g e .  In  tha t  
c a s e ,  only one ( f r e e - s p a c e )  q u a r t e r - w a v e l e n g t h  s tub  a n t e n n a  was  neede d  
for  r e c e p t i o n  t h roughou t  f l ight .  H o w e v e r ,  the  Range  G t ank  was  found 
to be qui te  l o s s y  when  e v a l u a t e d  as  a 150-MHz wavegu ide .  A t t e n u a t i o n  
l e v e l s  w e r e  m e a s u r e d  and found to be 10 to 15 d B / 1 0 0  ft. To p r o v i d e  
adequa te  r e c e p t i o n ,  s e v e r a l  s tub  a n t e n n a s  w e r e  s p a c e d  a long  the  r a n g e  
( F i g .  9) and i n t e r c o n n e c t e d  by c o a x i a l  cab le  (3 d B / 1 0 0 - f t  a t t enua t ion ) .  

At the  n o m i n a l  t e l e m e t e r  o p e r a t i n g  f r e q u e n c y  of 150 MHz,  p r o p a g a -  
t i on  would have  been  p o s s i b l e  in any  one of s i x  d i f f e r e n t  m o d e s  ( T E l l ,  
TM01,  TE21,  T M l l ,  TE01,  TE31) .  The  r a d i a l  s tubs  p r o t r u d i n g  f r o m  
the  r a n g e  wa l l s  p r o v i d e d  adequa te  r e c e p t i o n ,  m a k i n g  i t  l i k e l y  tha t  the  
e n e r g y  was  be ing  p r o p a g a t e d  in  one of the  TE m o d e s .  A t t e m p t s  to 
d e t e r m i n e  the  mode  or  m o d e s  of p r o p a g a t i o n  by m e a s u r i n g  guide  w a v e -  
l e n g t h s  1 w e r e  i n c o n c l u s i v e ,  p r e s u m a b l y  b e c a u s e  of m u l t i p l e  r e f l e c t i o n s  
f r o m  h a r d w a r e  i n s ide  the r a n g e .  

A l a r g e  bu lkhead  a c r o s s  the  r a n g e  t ank  n e a r  s h a d o w g r a p h  s t a t i o n  14 
e f f e c t i v e l y  d iv ided  the r a n g e  into  two s e p a r a t e  w a v e g u i d e s .  T h i s ,  

1Note tha t  the  " w a v e g u i d e "  is  s h o r t  c i r c u i t e d  at both  ends ;  hence ,  
s t a n d i n g  waves  wi l l  occu r .  
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t oge the r  with the mul t ip le  s tub r e q u i r e m e n t ,  gave r i s e  to a novel  r e -  
r ad i a t i on  and coupling technique ,  as shown in Fig.  9. The two s tubs  
n e a r e s t  shadowgraph  s t a t ion  23 a r e  the ma in  pickup s tubs ,  which  should 
fu rn i sh  t e l e m e t r y  i n fo rma t ion  throughout  model  f l ight.  T e l e m e t r y  s i g -  
na ls  uprange of the bulkhead cannot  p ropaga te  th rough  it .  However ,  
they  a r e  co l l ec ted  by s e c o n d a r y  pickup s tubs ,  routed  pas t  the bulkhead 
by coaxia l  cable ,  ampl i f ied ,  and r e r a d i a t e d  by o the r  s e c o n d a r y  s tubs  to 
the ma in  pickup s tubs ,  us ing  the waveguide  as  a coupl ing medium.  

A long w i r e  an tenna  is a l so  ava i l ab le  uprange  of the bulkhead.  
Dur ing  c o m p a r a t i v e  t e s t s  of the long w i r e  and stub antenna  s y s t e m s ,  it 
was d e t e r m i n e d  that  the stub antenna  s y s t e m  was s u p e r i o r  and, fu r the r ,  
tha t  i n s t a l l a t i on  of a long wi re  enhanced pickup f rom the s tub s y s t e m  
even m o r e .  So, the long w i r e  has been r e t a ined  - as a s e p a r a t e  up- 
r ange  antenna s y s t e m ,  and as an aid to the s tub an tenna  s y s t e m .  

T r a n s i s t o r i z e d  l i n e - d r i v e  a m p l i f i e r s ,  f ab r i ca t ed  in -house ,  were  
used to ampl i fy  the s igna l  as it was rou ted  pas t  the bulkhead and to o v e r -  
come l o s s e s  in the cab les  lead ing  to the cont ro l  room r e c e i v e r s .  These  
a m p l i f i e r s  have a nomina l  gain of 25 dB over  a bandwidth of 100 to 
200 MHz. 

4.4.2 Receivers and Recording Equipment 

A six-channel, mobile, receiving and recording system was 
assembled for the tests. In addition to the telemetry receivers, this 
system contained an RF distribution amplifier (multicoupler), data sig- 
nal conditioning amplifiers, and a recording oscillograph. 

The function p e r f o r m e d  dur ing  a typ ica l  r ange  t e s t  by each of the 
s ix  r e c e i v e r s ,  a tabula t ion  of r e c e i v e r  c h a r a c t e r i s t i c s ,  and the 
an tennas  used by each,  a r e  s u m m a r i z e d  in Table  I (Appendix II). A 
b r i e f  explanat ion  of the s ign i f i cance  of r e c e i v e r  c h a r a c t e r i s t i c s  in 
d i r ec t  f requency  modulat ion,  as employed  in the  p r e s e n t  t e l e m e t r y  
work,  is in o r d e r  at th is  point. 

When d i r ec t  modula t ion  techniques  a r e  employed,  the r e c e i v e r s  
used for  data  acqu i s i t ion  should  have high s e n s i t i v i t i e s  and wide band-  
widths ,  with l i n e a r  d i s c r i m i n a t o r  c h a r a c t e r i s t i c s .  High s e n s i t i v i t y  is  
d e s i r a b l e  because  the FM d i s c r i m i n a t o r  output vol tage  (the ampl i tude  of 
which r e p r e s e n t s  t r a n s m i t t e r  f r equency  deviat ion)  is a funct ion of the 
incoming  RF  s igna l  level ,  when the incoming  leve l  is  below a c e r t a i n  
value .  Thus,  the h ighe r  the r e c e i v e r  s e n s i t i v i t y ,  the  l e s s  the incoming  
s i gna l  l eve l  r e q u i r e d  for s a t i s f a c t o r y  data  acquis i t ion .  This  is  cove red  
in de ta i l  in Ref. 5, where  t echn iques  a r e  d e s c r i b e d  to define th i s  

8 
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m i n i m u m  l e v e l ,  A wide  bandwid th  is d e s i r a b l e  b e c a u s e  the  t r a n s m i t t e r  
of ten  sh i f t s  o p e r a t i n g  f r e q u e n c y  d u r i n g  gun launch .  Thus ,  the  w i d e r  the  
bandwidth ,  the  m o r e  l i k e l y  the  p o s s i b i l i t y  of da ta  r e c o v e r y .  A l i n e a r  
d i s c r i m i n a t o r  c h a r a c t e r i s t i c  is d e s i r a b l e  for  a c c u r a c y  in da ta  r e d u c t i o n .  

Of the  s ix  r e c e i v e r s  u s e d  dur.ing t h e s e  t e s t s ,  only two fu l f i l l ed  the  
d e s i r e d  c h a r a c t e r i s t i c s  m e n t i o n e d  above .  T h e s e  two w e r e  s o l i d - s t a t e  
uni ts  wi th  3 . 3 - M H z  bandwid ths ,  l i n e a r  d i s c r i m i n a t o r  c h a r a c t e r i s t i c s ,  
and r e q u i r i n g  about 6 m i c r o v o l t s  input  for  s a t i s f a c t o r y  o p e r a t i o n .  
A n o t h e r  s o l i d - s t a t e  r e c e i v e r  a v a i l a b l e  had a ( l i n e a r )  bandwid th  of 
1 .0  MHz, and r e q u i r e d  about  4 m i c r o v o l t s  input.  The  r e m a i n i n g  r e -  
c e i v e r s  w e r e  o lde r ,  t u b e - t y p e  uni ts ,  wh ich  t y p i c a l l y  r e q u i r e d  60 m i c r o -  
vo l t s  input .  Though t h e i r  bandwid ths  w e r e  n o m i n a l l y  1.2 MHz, the  d i s -  
c r i m i n a t o r  c h a r a c t e r i s t i c s  w e r e  l i n e a r  only  o v e r  about 500 kHz. 

A f r e q u e n c y  d e v i a t i o n  of the  t r a n s m i t t e r  c a u s e d  by a gage  r e s i s t a n c e  
change  r e s u l t s  in a change  in the  { d i r e c t - c o u p l e d )  FM d i s c r i m i n a t o r  ou t -  
put v o l t age  of the  r e c e i v e r .  Thus ,  th i s  vo l t age  is an ana log  s i g n a l  r e -  
l a t a b l e  to the  t r a n s d u c e r  's input.  Th is  s i g n a l  is c o n d i t i o n e d  by a d c  
a m p l i f i e r  c i r c u i t  to d r i v e  e i t h e r  a g a l v a n o m e t e r  in the  r e c o r d i n g  o s c i l l o -  
g raph ,  o r  an FM c h a n n e l  of a m a g n e t i c  t ape  s y s t e m .  A s i m p l i f i e d  
s i n g l e - c h a n n e l  d i a g r a m ,  r e p r e s e n t a t i v e  of a l l  s ix  c h a n n e l s ,  is  shown  in 
F ig .  10. As s e e n  h e r e ,  a dc s i gna l  f r o m  the  r e c e i v e r  r e l a t a b l e  to in -  
c o m i n g  R F  l e v e l  is a l so  r e c o r d e d  on the  o s c i l l o g r a p h ,  fo r  r e a s o n s  m e n -  
t i o n e d  p r e v i o u s l y .  

SECTION V 
CALIBRATION 

An a i r - a c e t y l e n e  t o r c h ,  s i m i l a r  to the type  d e s c r i b e d  i n  Ref.  6, 
was  u s e d  for  t e l e m e t r y  s y s t e m  c a l i b r a t i o n .  The  h e a t - t r a n s f e r  r a t e  
f r o m  the  t o r c h  had been  d e t e r m i n e d  us ing  a t h e r m o c o u p l e  h e a t - t r a n s f e r  
gage  (Ref.  7) as a c a l i b r a t i o n  s t a n d a r d .  F i g u r e  11 shows  the  c a l i b r a -  
t ion  a p p a r a t u s  and a g a g e - e q u i p p e d  m o d e l  to be c a l i b r a t e d .  In o p e r a -  
t ion,  the t o r c h  r o t a t e s  so  that  the  f l a m e  i m p i n g e s  on the  gage  for  a 
p r e s e t  t i m e  i n t e r v a l .  

B t u / f t 2 - s e c  
A l i n e a r  c a l i b r a t i o n  cons t an t  of the  f o r m  K = k H z ] s e c  was ob-  

t a i n e d  for  e a c h  of the  o n - b o a r d  t e l e m e t r y  s y s t e m s  d u r i n g  c a l i b r a t i o n .  
L i n e a r  c o n s t a n t s  could  be a s s i g n e d  b e c a u s e ,  u n d e r  the  c a l i b r a t i o n  c o n -  
d i t i ons  s e l e c t e d ,  

9 
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1. C a l o r i m e t e r  d isk  t e m p e r a t u r e  r i s e  v e r s u s  t i m e  was 
l i nea r ,  for  a cons tant  heat  input (Ref. 7); 

2. The t e m p e r a t u r e  r i s e  at the back s u r f a c e  of the 
c a l o r i m e t e r  disk (where  the s ens ing  e l emen t  was 
affixed) was app rox ima te ly  the s a m e  as the ave rage  
t e m p e r a t u r e  r i s e  of the en t i r e  disk (Ref. 7); 

3. The r e s i s t a n c e  change of the s ens ing  e l emen t  was l i n e a r  
with r e s p e c t  to t e m p e r a t u r e ;  

4. The f requency  devia t ion  of the t e l e m e t r y  t r a n s m i t t e r  
was l i n e a r  with r e spec t  to gage r e s i s t a n c e  changes ;  and 

5. The r e c e i v e r  FM d i s c r i m i n a t o r  output vol tage  was 
l i n e a r  with r e s p e c t  to t r a n s m i t t e r  f requency  deviat ion.  

SECTION Vl 
BENCH TESTS AND RESULTS 

Before  commi t t i ng  a t e l e m e t r y - e q u i p p e d  model  to a launch schedule ,  
the t e l e m e t r y  s y s t e m  was sub jec ted  to va r ious  bench t e s t s  to evaluate  i ts  
e l e c t r i c a l  p e r f o r m a n c e .  Stat ic  c o m p r e s s i o n  t e s t s  and dynamic  impu l se  
t e s t s  were  then pe r fo rmed ,  to d e t e r m i n e  the m e c h a n i c a l  soundness  of 
the se l ec t ed  s y s t e m .  

During subsequent  range  t e s t s ,  it  became  obvious that ,  of the t h r ee  
d i r ec t  modula t ions  s y s t e m s  desc r ibed  p rev ious ly ,  only the Colp i t t s -VVC 
s y s t e m  appea red  capable  of fu rn i sh ing  s a t i s f a c t o r y ,  infl ight  data without  
f u r t he r  development .  (The F M / F M  s y s t e m  was not range  tes ted .  ) Fo r  
this  r eason ,  only the t e s t s  and r e su l t s  which p e r t a i n  to eva lua t ion  of the 
VVC t e l e m e t r y  c i r c u i t r y  and gage a r e  r epor t ed .  

6.1 ELECTRICAL TESTS 

The e l e c t r i c a l  p e r f o r m a n c e  of the W C - m o d u l a t e d  t r a n s m i t t e r  
(Fig.  6) was found s a t i s f a c t o r y  for making  the in tended gun- range  
m e a s u r e m e n t s .  The modula t ion  s e n s i t i v i t y  was f rom t h r e e  to five 
t imes  g r e a t e r  than that  of the e a r l i e r  t r a n s m i t t e r s  depic ted  s c h e m a t i c -  
a l ly  in Fig.  5. Moreove r ,  the modula t ion  s e n s i t i v i t y  was not af fected 
by gage lead length,  and the t r a n s m i t t e r  ope ra t ing  f requency  was not 
af fected by p rox imi ty  of the gage to me ta l l i c  o r  n o n - m e t a l l i c  objec ts .  
Such was not the case  with the e a r l i e r  t r a n s m i t t e r s .  

10 
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Two d i s a d v a n t a g e s  a r o s e  f r o m  the  use  of VVC m o d u l a t o r s .  F i r s t ,  
the  VVC c i r c u i t  r e q u i r e d  a g r e a t e r  n u m b e r  of c o m p o n e n t s ,  i n c r e a s i n g  
the  c o m p o n e n t  packag ing  d e n s i t y  in the  s p a c e  a v a i l a b l e  a b o a r d  the  
m o d e l .  Second,  the  t r a n s m i t t e r  o p e r a t i n g  f r e q u e n c y  was m o r e  vo l t age  
s e n s i t i v e  than  on p r e v i o u s  t r a n s m i t t e r s  b e c a u s e  a c h a n g i n g  supp ly  
v o l t ag e  c a u s e d  the  VVC c a p a c i t a n c e  to change .  The  supp ly  v o l t a g e  
s e n s i t i v i t i e s  of the  VVC t r a n s m i t t e r  and o t h e r  t r a n s m i t t e r s  a r e  shown  
in  Fig .  12. (The  F E T - H a r t l e y  c h a r a c t e r i s t i c s  shown  in F ig .  12 a r e  of 
t he  F M / F M  t r a n s m i t t e r  d e s c r i b e d  in Append ix  I I I . )  The  v o l t a g e  s e n s i -  
t iv i ty  of the  VVC t r a n s m i t t e r  was  not c o n s i d e r e d  a s e r i o u s  p r o b l e m  b e -  
c a u s e  e v i d e n c e  of f luc tua t ing  b a t t e r y  vo l t age  had not a p p e a r e d  in pas t  
g u n - r a n g e  t e s t s .  

The  ef fec t  of i nd iv idua l  c o m p o n e n t  f a i l u r e  on t r a n s m i t t e r  o p e r a t i o n  
was  i n v e s t i g a t e d .  E a c h  c a p a c i t o r  in the  C o l p i t t s - V V C  t r a n s m i t t e r  was  
d i s c o n n e c t e d ,  and the  e f fec t  was  noted .  T h e s e  r e s u l t s  a r e  p r e s e n t e d  in 
Tab le  II. ( F i g u r e  6 is  r e p r o d u c e d  for  r e f e r e n c e .  ) Note  tha t  if  the  
150-pF  bypas s  c a p a c i t o r  b e t w e e n  b a s e  and B-  opens ,  the  o p e r a t i n g  f r e -  
quency  m a y  change  a n y w h e r e  b e t w e e n  +2 MHz. The  o p e r a t i n g  f r e q u e n c y  
in  th i s  c a s e  was  found to be s t r o n g l y  d e p e n d e n t  on the  o r i e n t a t i o n  and 
l eng th  of the  b a t t e r y  l e a d s  i n s i d e  the  cone  m o d e l .  Of the  r e s i s t o r s ,  
on ly  the  gage  was d i s c o n n e c t e d  to s i m u l a t e  f a i l u r e ;  the  o p e r a t i n g  f r e -  
quency  d ropped  a p p r o x i m a t e l y  8 .5  MHz. 

6.2 STATIC COMPRESSION TESTS 

Stat ic  c o m p r e s s i o n  t e s t s  w e r e  c o n d u c t e d  to d e t e r m i n e  the  m e c h a n -  
i c a l  r u g g e d n e s s  of the  VVC t r a n s m i t t e r s ,  u s ing  the  a p p a r a t u s  shown  in 
F ig .  13. The  load  app l i ed  by the  h y d r a u l i c  p r e s s  was  m o n i t o r e d  by a 
20, 000-1b load  c e l l  and d i s p l a y e d  on the  X axis  of the  X - Y  p l o t t e r .  Any 
shi f t  in t r a n s m i t t e r  f r e q u e n c y  r e s u l t e d  in a p r o p o r t i o n a l  change  in  r e -  
c e i v e r  d i s c r i m i n a t o r  output vo l t age  and was d i s p l a y e d  on the  Y ax is .  

The  VVC t r a n s m i t t e r s  for  the  s t a t i c  c o m p r e s s i o n  t e s t s  w e r e  con -  
s t r u c t e d  us ing  the  s a m e  c o m p o n e n t  m o u n t i n g  f ix tu re  w h i c h  was l a t e r  
u s e d  fo r  c o n s t r u c t i o n  of the  g u n - r a n g e  t r a n s m i t t e r s .  The  b a t t e r i e s  and 
gage  w e r e  e x t e r n a l  to the  s t a t i c  c o m p r e s s i o n  t e s t  s l ug  and the  po t t ing  
p r o c e d u r e s  and t e c h n i q u e s  ou t l ined  in Sec t ion  4 .2  w e r e  fo l lowed .  

M a x i m u m  load  app l i ed  du r ing  t h e s e  s t a t i c  c o m p r e s s i o n  t e s t s  was  
10, 000 lb, w h e r e a s  the  m a x i m u m  c o m p r e s s i v e  load  c a l c u l a t e d  fo r  t he  
t r a n s m i t t e r  package  d u r i n g  a 30, 000 g l aunch  was about  600 lb. The  
va lue  of 10, 000 lb, t h e r e f o r e ,  p r o v i d e d  c o m p r e s s i v e  loads  f a r  in ex -  
c e s s  of the  e x p e c t e d  load ing .  Dur ing  the  s t a t i c  c o m p r e s s i o n  t e s t s ,  
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i n c r e a s i n g  loads  w e r e  app l i ed  to the  t e s t  s p e c i m e n s  in  2000-1b i n c r e -  
m e n t s .  At  e a c h  condi t ion°  the  load  was  g r a d u a l l y  i n c r e a s e d  to i t s  
m a x i m u m  value° then  r e m o v e d  c o m p l e t e l y  b e f o r e  c o m m e n c i n g  the  next  
loading. 

l 

The  l o a d - f r e q u e n c y  c h a r a c t e r i s t i c s  of two V V C - e q u i p p e d  t e s t  
s p e c i m e n s  a r e  shown  in F ig .  14. As s e e n  h e r e ,  the  r e c e i v e r  was  not  
r e t u n e d  fo l lowing  e a c h  load  r e m o v a l ,  so  tha t  the  l o a d - i n d u c e d  f r e q u e n c y  
sh i f t  would a c c u m u l a t e .  It  is  obvious  f r o m  F ig .  14 tha t  one or  m o r e  
c o m p o n e n t s  in DM-2  w e r e  b e h a v i n g  e r r a t i c a l l y  u n d e r  load,  as  i n d i c a t e d  
by the  f r e q u e n c y  " j u m p s . "  The  da ta  r e s u l t i n g  f r o m  t h e s e  t e s t s  a r e  p r e -  
s e n t e d  in  T a b l e  Ill0 as  a r e  the  t e s t  r e s u l t s  of n o n - V V C  t r a n s m i t t e r s  fo r  
c o m p a r i s o n .  As  s e e n  h e r e ,  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  b e -  
tween  the  two s e t s  of r e s u l t s °  e i t h e r  in p e r m a n e n t  f r e q u e n c y  sh i f t  r e -  
m a i n i n g  a f t e r  10, 000-1b load  r e m o v a l °  o r  in  f r e q u e n c y  j u m p s  d u r i n g  the  
t e s t s .  E a c h  of the  V V C - m o d u l a t e d  t r a n s m i t t e r s  had b e e n  c a l i b r a t e d  to 
d e t e r m i n e  t he  f r e q u e n c y  dev i a t i on  v e r s u s  gage  r e s i s t a n c e  change  ( m o d u -  
l a t i o n  s e n s i t i v i t y )  p r i o r  to the  t e s t .  T h e r e  w e r e  no s i g n i f i c a n t  d i f f e r -  
e n c e s  in  t h i s  p a r a m e t e r  a f t e r  ~he s t a t i c  c o m p r e s s i o n  t e s t s .  

The  j u m p s  in  t r a n s m i t t e r  o p e r a t i n g  f r e q u e n c y  no ted  in t he  C o m -  
m e n t s  c o l u m n  of T a b l e  I l l ,  and shown  in  F ig .  14, m e r i t e d  f u r t h e r  i n -  
v e s t i g a t i o n .  T r a n s i s t o r s  and g l a s s  c a p a c i t o r s  w e r e  t e s t e d  f i r s t  b e c a u s e  
t h e y  w e r e  s u s p e c t e d  of p r o d u c i n g  th i s  e r r a t i c  b e h a v i o r .  S ta t i c  c o m -  
p r e s s i o n  t e s t s  on i n d i v i d u a l  t r a n s i s t o r s  p r o d u c e d  no a b n o r m a l  r e s u l t s .  
P e r m a n e n t  f r e q u e n c y  s h i f t s  n e v e r  e x c e e d e d  20 kHz a f t e r  r e m o v a l  of 
10, 000-1b l oads ,  and no f r e q u e n c y  j u m p s  w e r e  noted .  A l s o  s a t i s f a c t o r y  
w e r e  10, 000-1b load  t e s t s  on g l a s s  c a p a c i t o r s  (10 pF) .  H o w e v e r ,  a 
l a r g e  f r e q u e n c y  jump,  s i m i l a r  to t h o s e  e n c o u n t e r e d  d u r i n g  t e s t s  of 
c o m p l e t e  t r a n s m i t t e r s ,  was  r e c o r d e d  fo r  one of the  t h r e e  c a p a c i t o r s  
t e s t e d  when  i t  was  l oaded  f u r t h e r  to 12, 000 lb. (It shou ld  be po in ted  out 
tha t  f a i l u r e s  m a y  o c c u r  at  l o w e r  loads  when  t e s t i n g  c o m p l e t e  p a c k a g e s  - 
o r  d u r i n g  r a n g e  t e s t s  - i f  i n c r e a s e d  c o m p o n e n t  p a c k a g i n g  d e n s i t i e s  i n s i d e  
the  s p e c i m e n  r e s u l t  in  s t r e s s  c o n c e n t r a t i o n s .  ) 

F u r t h e r  s t a t i c  c o m p r e s s i o n  t e s t s  i n d i c a t e d  tha t  c a p a c i t o r s  of the  
l a r g e r  v a l u e s  w e r e  p a r t i c u l a r l y  s u s c e p t i b l e  to f a i l u r e  u n d e r  load .  The  
2 2 0 - p F  g l a s s  c a p a c i t o r  in  one t e s t  s p e c i m e n ,  for  i n s t a n c e ,  f a i l ed  
(opened)  du r ing  c u r e  of the  epoxy t e s t  s p e c i m e n  and b e f o r e  any  e x t e r n a l  
l oad  had been  app l i ed .  In two o t h e r  t e s t  s p e c i m e n s ,  2 2 0 - p F  c a p a c i t o r s  
f a i l e d  at  low app l i ed  l oads .  B e c a u s e  150-pF  c a p a c i t o r s  a p p e a r e d  l e s s  
f a i l u r e  p r o n e  t han  220-pF  c a p a c i t o r s  d u r i n g  f u r t h e r  t e s t i n g ,  t h e y  w e r e  
s e l e c t e d  for  use  as  b y p a s s  c a p a c i t o r s  in the  t e l e m e t r y  c i r c u i t s .  E v e n  
though  t h e y  s u r v i v e d  s t a t i c  l oad ings  f a r  in  e x c e s s  of the  e x p e c t e d  c o m -  
p r e s s i v e  loads  du r ing  a gun l aunch ,  i t  was  r e c o g n i z e d  at t h i s  t i m e  tha t  
t h e y  w e r e  weak  l i n k s ,  in  tha t  t hey  would be the  f i r s t  to f a i l .  
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Two c a r b o n  r e s i s t o r s  and two RM400 m e r c u r y  c e l l s  w e r e  a l s o  
t e s t e d .  P e r m a n e n t  r e s i s t a n c e  change  on both  r e s i s t o r s  was  l e s s  than  
one p e r c e n t  a f t e r  r e m o v a l  of a 12, 000-1b load.  No ef fec t  at a l l  was  
s e e n  in output vo l t age  o r  c u r r e n t  on the  two b a t t e r y  s p e c i m e n s  t e s t e d  
to  12, 000 lb. 

6.3 OTHER STATIC TESTS 

6.3.1 Batteries 

The RM400- type  m e r c u r y  b a t t e r i e s  u sed  as the  t r a n s m i t t e r  p o w e r  
supp ly  w e r e  s t ud i ed  to d e t e r m i n e  p o s s i b l e  m o d e s  of f a i l u r e  in h igh  
a c c e l e r a t i o n  e n v i r o n m e n t s .  The  RM400- type  ce l l  has a unique  anode  
c o n f i g u r a t i o n  which  g ives  r i s e  to an o p e n - c i r c u i t  f a i l u r e  p o s s i b i l i t y .  
The  anode  is a h a r d  pe l l e t ,  r a t h e r  than  the  j e l l e d  a m a l g a m  anode  p r e v a -  
l en t  in o t h e r  type  ce l l s ,  and thus could  m o v e  away f r o m  the  m e t a l  c a s e  
d u r i n g  high a c c e l e r a t i o n  l a u n c h e s ,  b r e a k i n g  e l e c t r i c a l  con tac t .  A 
s i m p l e  e x p e r i m e n t  showed  that  the  o p e n - c i r c u i t  f a i l u r e  m o d e  was not 
l i k e l y  to o c c u r  in th i s  app l i ca t ion .  The  RM400- type  c e l l  was  found to  
o p e r a t e  s a t i s f a c t o r i l y  at the  d e s i r e d  c u r r e n t  d r a i n  (2 ma)  for  at l e a s t  
n ine  s e c o n d s  a f t e r  the  ce l l  had been  cut open  and the  anode  pe l l e t  r e -  
m o v e d .  F a i l u r e s  a l so  have  b e e n  o b s e r v e d  in the  pas t  as a r e s u l t  of 
i n t e r n a l  s h o r t i n g  by the  f r e e  m e r c u r y  l i b e r a t e d  d u r i n g  s t o r a g e  or  
n o r m a l  d i s c h a r g e .  This  f a i l u r e  mode ,  a l so  no ted  by o t h e r  r e s e a r c h e r s  
(Ref .  8), is d i s c u s s e d  b r i e f l y  be low.  

The  RM400R was used  du r ing  the  in i t i a l  g u n - r a n g e  e x p e r i m e n t s ;  
h o w e v e r ,  c o n c u r r e n t  c o m p a r i s o n  t e s t s  of the  RM400 and the  RM400R, 
r e l a t i n g  to b a t t e r y  f a i l u r e  by f r e e  m e r c u r y  s h o r t i n g ,  i n d i c a t e d  that  the  
RM400 shou ld  be s u p e r i o r  for  the  AEDC g u n - r a n g e  app l i ca t ion .  This  
r e s u l t s  b e c a u s e  the  RM400 ' s  d e p o l a r i z e r  has  the  c a p a b i l i t y  to  d i s p e r s e  
the  m e r c u r y  l i b e r a t e d ;  the  d e p o l a r i z e r  in an RM400R does  not.  This  
capab i l i t y  is shown  in Fig.  15, which  is a p h o t o g r a p h  showing  f r e e  
m e r c u r y  a c c u m u l a t i o n  in both  type c e l l s  at d i f f e r e n t  p e r c e n t  u s a g e s  
( b a s e d  on m a h  ra t ing) .  Only the  d e p o l a r i z e r ,  the  b o t t o m  c a s e ,  and the  
m e r c u r y  l i b e r a t e d  a r e  v i s i b l e  in Fig.  15; the  r e s t  of the  c o m p o n e n t s  
have  b e e n  r e m o v e d .  Dur ing  t h e s e  bench  t e s t s ,  RM400R c e l l s  began  
fa i l ing  at 21 p e r c e n t  of r a t e d  mah  c a p a c i t y  b e c a u s e  of f r e e  m e r c u r y  
s h o r t i n g .  None of the  RM400 ' s  fa i led  for  th is  r e a s o n .  

It has been  no ted  du r ing  t h e s e  e x p e r i m e n t s  that  i n t e r n a l  ce l l  d e -  
g e n e r a t i o n  (hence ,  f r e e  m e r c u r y  buildup) on the  s h e l f  f i r s t  t a k e s  the  
f o r m  of d e t e r i o r a t i o n  of the  anode  pe l l e t .  B e c a u s e  of the  pe l l e t  anode ,  
the  RM400- type  c e l l s  exhib i t  an unusua l  c h a r a c t e r i s t i c .  When  s w i t c h e d  
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across a short-circuit load (-,,I ohm), the cell normally will surge a 
short-circuit current from 175 to 250 ma for a period of one-half to 
three seconds, after which time the current drops abruptly to a low 
value (passivates). However, this passivation capability ceases as 
soon as the pellet anode starts to deteriorate; thus, a simple short- 
circuit test provides an indication of the internal condition of the cellls 
anode. All cells are short-circuit tested before gun-range use; those 
which do not passivate in the prescribed manner are rejected. 

6.3.2 (~ Gage 

S e v e r a l  s t a t i c  t e s t s  w e r e  p e r f o r m e d  on the  Type  A gage  (F ig .  7) 
in an a t t e m p t  to e v a l u a t e  i t s  s u i t a b l e n e s s  for  g u n - r a n g e  work .  The  
epoxy  jo in t  be tween  the  a l u m i n u m  c a l o r i m e t e r  d i sk  and the  body s h e l l  
was  s t a t i c a l l y  t e s t e d  iri c o m p r e s s i o n ,  t e n s i o n ,  and s h e a r  b e c a u s e  of i t s  
s u s p e c t e d  v u l n e r a b i l i t y  d u r i n g  a gun l aunch .  The  r e s u l t s  i n d i c a t e d  t h a t  
the  Type  A gage  was  s a t i s f a c t o r y  for  l a u n c h  a c c e l e r a t i o n s  in e x c e s s  of 
250, 000 g, g iv ing  a s a f e t y  f a c t o r  of about  e ight  fo r  the  p r o p o s e d  t e s t s .  

F u r t h e r  t e s t s  and c a l c u l a t i o n s  w e r e  p e r f o r m e d  on the  Type  A gage  
in  r e g a r d  to  the  u n s u p p o r t e d  l ead  w i r e s  f r o m  the  s e n s i n g  e l e m e n t  
( F i g .  7), and the  p o s s i b i l i t y  of t he  gage  a c c i d e n t a l l y  be ing  e x p o s e d  to 
gun c h a m b e r  p r e s s u r e s  up to 10, 000 ps i .  T e s t  r e s u l t s  showed  tha t  the  
l ead  w i r e s  shou ld  be s a t i s f a c t o r y  for  cond i t i ons  in e x c e s s  of 250, 000 g. 
A p p l y i n g  10, 000 p s i  to the  c a l o r i m e t e r  d i sk  c a u s e d  a m a x i m u m  r e -  
s i s t a n c e  change  of no m o r e  t han  two p e r c e n t ,  wi th  no p e r m a n e n t  d a m a g e  
o b s e r v e d .  

D e s p i t e  the  a p p a r e n t  s u i t a b i l i t y  of the  Type  A gage ,  i t  s u b s e q u e n t l y  
f a i l ed  (opened)  du r ing  two out of t h r e e  gun l a u n c h e s .  The  gage  was  
m o d i f i e d ,  and the  Type  B gage  r e s u l t e d ,  as  d e s c r i b e d  p r e v i o u s l y ;  how-  
e v e r ,  no f u r t h e r  s t a t i c  t e s t s  w e r e  p e r f o r m e d ,  b e c a u s e  of t h e i r  a p p a r e n t  
l a c k  of e f f e c t i v e n e s s  in s i m u l a t i n g  the  r e a l  th ing  - the  gun l aunch .  In -  
s t e a d ,  the  Type  B gages  w e r e  e v a l u a t e d  in  the  i m p u l s e  t e s t  f a c i l i t y  u s ing  
t e l e m e t r y  t r a n s m i t t e r s  and wi th  the  g a g e s  i n s t a l l e d  in cone  m o d e l s  
i d e n t i c a l  to  t h o s e  wh ich  would be u sed  in  r a n g e  t e s t s .  

6.4 IMPULSE TESTS 

I m p u l s e  t e s t s  w e r e  conduc ted  us ing  the  a p p a r a t u s  dep i c t ed  in  F ig .  16. 
As  s e e n  h e r e ,  the  i m p u l s e  t e s t e r  is  e s s e n t i a l l y  a p o w d e r - h y d r o g e n  
l a u n c h e r  equ ipped  wi th  an e x t r e m e l y  s h o r t  ( 1 4 . 5 - i n . )  b a r r e l .  Use  of a 
s h o r t  b a r r e l  a l l ows  a h igh  peak  a c c e l e r a t i o n  to be app l i ed  to a t e s t  
s p e c i m e n  wi thout  i m p a r t i n g  a l a u n c h  v e l o c i t y  so  h igh  tha t  d e c e l e r a t i o n  
and r e c o v e r y  of t he  s p e c i m e n  b e c o m e  i m p r a c t i c a l .  
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Typ ica l ly ,  d i a p h r a g m s  (F ig .  16) wi th  b u r s t  p r e s s u r e s  of 10, 000 ps i  
w e r e  u s e d  for  t h e s e  t e s t s .  Thus ,  the  peak  a c c e l e r a t i o n s ,  wh ich  w e r e  
app l i ed  i n s t a n t a n e o u s l y  when  the  d i a p h r a g m s  opened ,  w e r e  in the  
v i c i n i t y  of 50, 000 g for  the  1-1b m o d e l s  t e s t e d ,  wi th  l aunch  v e l o c i t i e s  
n e a r  1000 f t / s e c  r e s u l t i n g  in the  e v a c u a t e d  (10 t o r r )  t e s t  c h a m b e r .  A 
r a g - f i l l e d  b a r r e l  (F ig .  16) was  u s e d  to s top  the  t e s t  s p e c i m e n s .  S a t i s -  
f a c t o r y  r e c e p t i o n  was not ob ta ined  whi le  the  t e l e m e t r y - e q u i p p e d  s p e c i -  
m e n s  t r a v e r s e d  the  12 - f t - l ong  c o n n e c t i n g  tube shown in Fig.  16; da ta  
a c q u i s i t i o n  was l i m i t e d  to  the  t i m e  the  s p e c i m e n  was in f l ight  wi th in  the  
t e s t  c h a m b e r .  

6.4.1 Thin-Film Transmitters 

F o u r  of the  t h i n - f i l m  t r a n s m i t t e r s  had b e e n  i n s t a l l e d  in g a g e -  
equ ipped  cone  m o d e l s  and out f i t t ed  wi th  sabo t s  for  i m p u l s e  t e s t i n g .  
B e c a u s e  the  i m p u l s e  t e s t e r  was  not c o m p l e t e d  at the  t i m e  and b e c a u s e  
Range  G was ava i l ab le ,  it was  d e c i d e d  to conduct  the  i m p u l s e  t e s t s  in 
Range  G. T h e s e  r e s u l t s  a r e  d e s c r i b e d  in Sec t ion  VII. 

6.4.2 Cordwood Transmitters 

No i m p u l s e  t e s t s  w e r e  p e r f o r m e d  on the  (non-VVC)  c o r d w o o d  t r a n s -  
m i t t e r s .  

6.4.3 Cordwood-VVC Transmitters 

T h r e e  of the  c o r d w o o d - V V C  t r a n s m i t t e r s  equ ipped  wi th  Type  A 
gages  w e r e  i m p u l s e  t e s t e d .  T h e s e  c i r c u i t s  w e r e  e n c a p s u l a t e d  in r i g h t -  
c i r c u l a r  c y l i n d e r s  and i n s e r t e d  in to  the  i m p u l s e  t e s t  m o d e l  shown  in 
Fig .  1. S ince  s i m i l a r  t r a n s m i t t e r s  have  o p e r a t e d  a f t e r  s u r v i v i n g  peak  
l aunch  a c c e l e r a t i o n s  of o v e r  100, 000 g (Ref.  2), f a i l u r e  of the  t r a n s -  
m i t t e r s  t o  o p e r a t e  p r o p e r l y  in the  i m p u l s e  fac i l i ty  was  to be a t t r i b u t e d  
to f a i l u r e  of e i t h e r  the  VVC or  the  gage .  To d e t e c t  such  f a i lu re ,  r e -  
c e i v e r s  w e r e  tuned  to the  f r e q u e n c i e s  to which  the  t r a n s m i t t e r  would  
sh i f t  if  e i t h e r  the  VVC or  the  gage  fa i led .  The  n o r m a l  o p e r a t i n g  f r e -  
quency  was m o n i t o r e d  wi th  a t h i r d  r e c e i v e r .  

Dur ing  the  f i r s t  of t h e s e  i m p u l s e  t e s t s ,  the  t r a n s m i t t e r  f r e q u e n c y  
du r ing  f l ight  was  only  20 kHz d i f f e r e n t  f r o m  the  p r e - l a u n c h  f r e q u e n c y .  
The  p l a s t i c  t e s t  m o d e l  (which  was hoped to be r e c o v e r a b l e  a f t e r  f i r i ng  
in to  the  r a g - f i l l e d  b a r r e l )  was  badly  d a m a g e d .  The  t r a n s m i t t e r  p a c k a g e  
was  r e c o v e r e d ,  and it was  found that  the  b a t t e r y  l e ads  had b e e n  d i s c o n -  
n e c t e d  du r ing  i m p a c t .  The  t r a n s m i t t e r  o p e r a t e d  n o r m a l l y  when  the  
l e a d s  w e r e  r e c o n n e c t e d .  A m e a n s  had been  p r o v i d e d  du r ing  a s s e m b l y  
to  e v a l u a t e  the  m o d u l a t i o n  s e n s i t i v i t y  of the  t r a n s m i t t e r  c i r c u i t  by 
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m e a n s  of a decade  r e s i s t a n c e  box. Modu la t ion  s e n s i t i v i t y  was  
1 .24  k H z / o h m  be fo re ,  and 1 .18 k H z / o h m  a f t e r ,  the  h igh  a c c e l e r a t i o n  
l a u n c h  and i m p a c t .  The  gage  r e s i s t a n c e  s t i l l  v a r i e d  wi th  hea t  input ,  
i n d i c a t i n g  1~o m a j o r  d a m a g e .  

D u r i n g  the  s e c o n d  t e s t ,  both the  p l a s t i c  m o d e l  and the  t r a n s m i t t e r  
p a c k a g e  b r o k e  up on i m p a c t .  T r a n s m i t t e r  f r e q u e n c y  in  f l ight  was  about  
100 kHz d i f f e r e n t  f r o m  i t s  v a l u e  1.5 h o u r s  b e f o r e  l aunch .  

The  t h i r d  f i r i n g  in  the  i m p u l s e  t e s t e r  r e s u l t e d  in  an  i n - f l i g h t  s i g n a l  
wi th  a f r e q u e n c y  wi th in  20 kHz of the  p r e - l a u n c h  va lue .  Both  t he  p l a s t i c  
t e s t  mode l  and the  gage  w e r e  d e s t r o y e d  on i m p a c t .  The  r e m a i n s  of the  
t e l e m e t r y  p a c k a g e  w e r e  r e c o v e r e d ;  r e c a l i b r a t i o n  u s i n g  a r e s i s t a n c e  box 
showed  the  m o d u l a t i o n  s e n s i t i v i t y  to be e s s e n t i a l l y  u n c h a n g e d  f r o m  p r e -  
l a u n c h  va lue .  

E v e n  though  the  p e r f o r m a n c e s  of both the  VVC and the  gage  w e r e  
s a t i s f a c t o r y  d u r i n g  t h e s e  t e s t s ,  s u c h  was  not  the  c a s e  in two out of 
t h r e e  s u b s e q u e n t  Range  G sho t s  d u r i n g  wh ich  gage  f a i l u r e s  o c c u r r e d .  
S ince  the  Type  A gage  u s e d  in  the  i m p u l s e  t e s t s  was  po t ted  in to  the f ron t  
of the  c y l i n d r i c a l  t e s t  mode l ,  i t  was  r e a s o n e d  t ha t  t h e r e  was  l i t t l e  
m e c h a n i c a l  load  t r a n s f e r r e d  to the  gage  d u r i n g  the  i m p u l s e  t e s t s .  F r o m  
th i s ,  i t  was  s u r m i s e d  tha t  l oad in g  of the  gage  by the  cone  m o d e l  s t r u c -  
t u r e  was  r e s p o n s i b l e  for  the  gage  f a i l u r e  d u r i n g  Range  G t e s t s ;  there-"  
fo re ,  the  gage  was  r u g g e d i z e d ,  as  d e s c r i b e d  p r e v i o u s l y ,  and no f u r t h e r  
i m p u l s e  t e s t s  w e r e  conduc t ed  u s i n g  c y l i n d r i c a l  t e s t  s p e c i m e n s .  

6.4.4 Type B Gages 

Two of the  r u g g e d i z e d ,  Type  B g a g e s  w e r e  i n s t a l l e d  in  t r a n s m i t t e r -  
equ ipped  cone m o d e l s .  T h e s e  m o d e l s ,  i d e n t i c a l  in e v e r y  r e s p e c t  to 
t h o s e  wh ich  would be l a u n c h e d  in  Range  G, w e r e  sabo t  equ ipped  and 
l a u n c h e d  in the  i m p u l s e  t e s t e r  at n o m i n a l l y  40, 000 g a c c e l e r a t i o n s .  
One of the  cone m o d e l s  was  f i t ted  wi th  a c o r d w o o d - V V C  t r a n s m i t t e r ;  
t he  o t h e r  con t a ined  an  F M / F M  t r a n s m i t t e r  of the  type  d e s c r i b e d  in  
Append ix  IH. 

O p e r a t i n g  f r e q u e n c y  in  f l ight  was  160 kHz d i f f e r e n t  f r o m  p r e - l a u n c h  
f r e q u e n c y  when  the  V V C - e q u i p p e d  m o d e l  was  l a u n c h e d  in  the  i m p u l s e  
f a c i l i t y .  No i n d i c a t i o n  of gage  h e a t i n g  was  s e e n ,  and the  m o d e l  was  
t o t a l l y  d e s t r o y e d  upon i m p a c t .  The  fac t  t ha t  i t  o p e r a t e d  w i th in  the  
r e c e i v e r  p a s s b a n d  i n d i c a t e d  tha t  the  T y p e  B gage  had s u r v i v e d  the  
l aunch .  The  o b s e r v e d  f r e q u e n c y  sh i f t  of 160 kHz could  be l a u n c h  i n -  
duced,  but  in t h i s  c a s e  cou ld  a l s o  be a de tun ing  of the  t r a n s m i t t e r ,  
c a u s e d  by an u n s e p a r a t e d  sabo t  at  t h i s  low f r e e - s t r e a m  p r e s s u r e  (10 t o r r ) .  
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P h o t o g r a p h i c  c o v e r a g e  was not ava i l ab l e  in the  i m p u l s e  t e s t  c h a m b e r  
to  v e r i f y  th i s .  

The  m o d e l  con t a in ing  the  F M / F M  t r a n s m i t t e r  and a Type  B gage  
was  then  l aunched .  S u b c a r r i e r  o s c i l l a t o r  (SCO) f r e q u e n c y  p r i o r  to 
l a u n c h  was 26 .33  kHz. Dur ing  f l ight ,  the  SCO f r e q u e n c y  was 25.60 kHz.  
(The  SCO f r e q u e n c y  would  have  s h i f t e d  to  10 .0  kHz, had the  gage  open 
c i r c u i t e d .  ) Only the  f i be r  g l a s s  cup and i ts  con t en t s  ( the t e l e m e t r y  
e l e c t r o n i c s )  w e r e  r e c o v e r e d .  When  the  r e c o v e r e d  t e l e m e t e r  was  e n e r -  
g i z e d  f r o m  a l a b o r a t o r y  p o w e r  supply  (us ing  a f ixed  1 0 0 0 - o h m  r e s i s t o r  
in p l ace  of the  d e s t r o y e d  gage) ,  o p e r a t i o n  was s a t i s f a c t o r y .  

SECTION VII  
RANGE TESTS AND RESULTS 

In all ,  12 l a u n c h i n g s  w e r e  m a d e  in Range  G for  v a r i o u s  p u r p o s e s  
u s i n g  t h r e e  d i f f e r e n t  types  of t r a n s m i t t e r s .  Al l  12 l a u n c h i n g s  a r e  
b r i e f l y  s u m m a r i z e d  in Tab le  IV. Spec i f ic  de t a i l s  a r e  d i s c u s s e d  in  t h i s  
s ec t ion .  

7.1 THIN-FILM TRANSMITTERS 

The  f i r s t  four  r a n g e  l aunch ings  w e r e  t h i n - f i l m  t r a n s m i t t e r  i m p u l s e  
t e s t s .  T h r e e  of the t h i n - f i l m  t r a n s m i t t e r s  w e r e  equ ipped  wi th  Type  A 
gages ;  h o w e v e r ,  the  gage  on one of the  m o d e l s  was  r e c e s s e d ,  and 
c o v e r e d  wi th  epoxy so  that  gage  hea t i ng  would not occu r .  On the  four th ,  
a f ixed c a r b o n  r e s i s t o r  r e p l a c e d  the  gage .  

The  f i r s t  l aunch ing  was of a t r a n s m i t t e r  wi th  a n o r m a l l y  i n s t a l l e d  
gage .  Dur ing  r a n g e  f l ight ,  the  da ta  t r a c e  showed  a l a r g e  ( -500  kHz) 
f r e q u e n c y  of fse t  wi th  a s l i gh t  n e g a t i v e  s lope  t h r o u g h o u t  f l ight .  F r o m  a 
da ta  i n t e r p r e t a t i o n  v iewpoin t ,  the n e g a t i v e  s lope  would  i n d i c a t e  a hea t  
t r a n s f e r  f r o m  the  m o d e l  to the  s u r r o u n d i n g s .  Such an o c c u r r e n c e  is  
c o n s i d e r e d  h igh ly  i m p r o b a b l e .  The  l a r g e  offse t ,  o r  f r e q u e n c y  shi f t ,  
m o s t  l i k e l y  r e s u l t e d  f r o m  e i t h e r  a c i r c u i t  ma l func t i on ,  o r  f r o m  an ex-  
c e s s i v e l y  high hea t  r a t e  du r ing  l aunch .  (A h igh  hea t  r a t e  would  p r o d u c e  
a s a t u r a t i o n  cond i t i on  c a u s i n g  an e s s e n t i a l l y  c o n s t a n t  f r e q u e n c y  d e v i a -  
t ion  of the t r a n s m i t t e r ,  a p e c u l i a r i t y  of th is  p a r t i c u l a r  t h i n - f i l m  des ign . )  
The  data  t r a c e  s h o w e d  s l i gh t  f luc tua t ions  which  a p p e a r e d  to be r e l a t a b l e  
to the  f r e q u e n c y  of mc~del m o t i o n  in f l ight ,  i nd i ca t i ng  tha t  the  gage  was 
p o s s i b l y  r e s p o n d i n g  to a v a r y i n g  hea t  r a t e .  
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The  s e c o n d  l a u n c h i n g  was  of the  t r a n s m i t t e r  wi th  t he  gage  r e c e s s e d  
and c o v e r e d  wi th  epoxy.  No g a g e  hea t i ng  and, thus ,  no h e a t - t r a n s f e r  
da ta  w e r e  e x p e c t e d .  The  i n - f l i g h t  da ta  t r a c e  s h o w e d  a c o n s t a n t  f r e -  
quency  sh i f t  of +600 kI-Iz, wi th  no f luc tua t ions .  The  l a c k  of f luc tua t ion  
was fe l t  to v e r i f y  that  the  gage  was  m o d u l a t i n g  the  t r a n s m i t t e r  on the  
p r e v i o u s  shot .  The  f r e q u e n c y  sh i f t  of 600 kHz i n d i c a t e d  e i t h e r  a c i r -  
cui t  m a l fu n c t i on ,  o r  p o s s i b l y ,  a p e r m a n e n t  d e f o r m a t i o n  of the  gage  
c a u s e d  by e x c e s s i v e  l oad ing  d u r i n g  l aunch .  

A t r a n s m i t t e r  equ ipped  wi th  a n o r m a l l y  i n s t a l l e d  gage  did  not  
o p e r a t e  in f l ight  d u r i n g  the  t h i r d  l aunch ing .  Th i s  cou ld  have  b e e n  
c a u s e d  by a c i r c u i t  ma l func t i on ,  o r  by gage  f a i l u r e ,  s i n c e ,  as s e e n  in 
Fig .  5, if the  t r a n s d u c e r  opens ,  the  t r a n s m i t t e r  shu t s  down.  A f i ve -  
p i e c e  sabo t  was  u s e d  fo r  th i s  t h i r d  l aunch  in  an a t t e m p t  to p r o v i d e  
b e t t e r  p r o t e c t i o n  to the  m o d e l  (and  gage ,  in p a r t i c u l a r )  f r o m  hot d r i v e r  
g a s e s  du r ing  l aunch .  Th i s  was  done  as a r e s u l t  of the  i n d i c a t i o n  of a 
p o s s i b l e  h igh  hea t  r a t e  du r ing  the  f i r s t  l aunch .  

Dur ing  the  four th  l aunch ,  in  wh ich  the  gage  had b e e n  r e p l a c e d  wi th  
a f ixed  r e s i s t o r ,  no output was  r e c o r d e d  in f l ight .  It was  c o n c l u d e d  at 
th i s  t i m e  that  the  c i r c u i t r y  was  m a l f u n c t i o n i n g ,  and the  use  of t h i n - f i l m  
t r a n s m i t t e r s  was  d i s c o n t i n u e d .  

7.2 CORDWOOD TRANSMITTERS 

C o r d w o o d  c i r c u i t r y  was  u s e d  fo r  sho t s  2662 and 2663, u s ing  t r a n s -  
m i t t e r s  of the  type shown  in F ig .  5 and Type  A g a g e s .  Dur ing  shot  2662, 
the  m o d e l  f a i l ed  in the b a r r e l  du r ing  l aunch .  It was  l a t e r  c o n c l u d e d  tha t  
t he  c a u s e  of f a i l u r e  was  s e p a r a t i o n  of the  f i v e - p i e c e  sabo t  d u r i n g  p u m p  = 
down of the  l aunch  tube,  a l lowing  the  m o d e l  to s l i d e  out of the  sabo t .  

A m e t a l  m o d e l  was  l a u n c h e d  for  sho t  2663 and was so  f a r  off c o u r s e  
that  it i m p a c t e d  a s h i e l d  about m i d r a n g e .  The  p o o r  l aunch  was a t t r i b u t e d  
to the  f i v e - p i e c e  sabo t  used .  In v iew of th i s ,  and the  p o s s i b l e  sabo t  
s e p a r a t i o n  in the  b a r r e l  on the  p r e v i o u s  shot ,  u se  of a f i v e - p i e c e  sabot  
was  d i s c o n t i n u e d .  The  t r a n s m i t t e r  in the  m e t a l  m o d e l  o p e r a t e d  t h r o u g h -  
out f l ight  wi th  a f r e q u e n c y  sh i f t  of a p p r o x i m a t e l y  +260 kHz.  Aga in ,  the  
da ta  r e c o r d  s h o w e d  f luc tua t ions  at about  the  s a m e  f r e q u e n c y  as the  
m e a s u r e d  ( f r o m  s h a d o w g r a p h  data)  m o d e l  mo t ion ,  i n d i c a t i n g  s o m e  
m o d u l a t i o n  of the  t r a n s m i t t e r .  The  da ta  r e c o r d  a l s o  i n d i c a t e d  a s l igh t ,  
n e g a t i v e ,  h e a t - t r a n s f e r  r a t e .  This  was  e s s e n t i a l l y  the  s a m e  da ta  r e s u l t  
as o b s e r v e d  on the  f i r s t  t h i n - f i l m  launch .  It was  fel t  at t h i s  t i m e  that  
the  l a c k  of da ta  so f a r  had r e s u l t e d  f r o m  p e c u l i a r i t i e s  c a u s e d  by the  
gage  f o r m i n g  pa r t  of the  t r a n s m i t t e r ' s  R F  c i r c u i t ;  t h e r e f o r e ,  a change  
was m a d e  to i n d i r e c t ,  c o r d w o o d - V V C  m o d u l a t i o n .  
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7.3 CORDWOOD-VVC TRANSMITTERS 

T h r e e  c o r d w o o d  t r a n s m i t t e r s  u s ing  VVC m o d u l a t i o n  and Type  A 
gages  w e r e  t hen  t a u n c h e d  - -  sho t s  2810, 2811, and 2812. Dur ing  
sho t  2810, t h e r e  was  a l a r g e  f r e q u e n c y  sh i f t  ( -600  kHz), i nd i ca t i ng  
e i t h e r  e x c e s s i v e  gage  hea t ing  or  c i r c u i t  ma l func t i on .  The  t r a n s m i t t e r  
c e a s e d  o p e r a t i n g  about 1/3 of the  way down the  r a n g e ,  i n d i c a t i n g  p o s -  
s i b l e  i n - f l i g h t  gage  f a i l u r e .  Th is  p o s s i b i l i t y  could  not be v e r i f i e d  b e -  
c a u s e  the  m o d e l  had p a s s e d  the  s e c t i o n  of r a n g e  t ank  w h e r e  r e c e p t i o n  of 
the  f r e q u e n c y  c o r r e s p o n d i n g  to gage  o p e n - c i r c u i t  was  p o s s i b l e  ( s e e  
Tab le  I and Fig .  9). Dur ing  sho t s  2811 and 2812, the t r a n s m i t t e r s  
e m i t t e d  s t r o n g  s i g n a l s ,  with no f r e q u e n c y  changes  d u r i n g  f l ight ,  but at 
f r e q u e n c i e s  c o r r e s p o n d i n g  to o p e n - c i r c u i t  gage  cond i t i ons ,  app rox i - .  
m a t e l y  8 .5  MHz be low n o r m a l  o p e r a t i n g  f r e q u e n c i e s .  Thus ,  gage  
f a i l u r e s  w e r e  p o s i t i v e l y  i den t i f i ed .  In addi t ion ,  the  m o d e l  had c o m e  
a p a r t  d u r i n g  l aunch  on sho t  2812, fa i l ing  jus t  aft of the  jo in t  b e t w e e n  
the  m e t a l  n o s e  and p l a s t i c  a f t e r b o d y  w h e r e  the  n o s e  t h r e a d s  ended .  

T h r e e  m o r e  m o d e l s  us ing  c o r d w o o d - V V C  t r a n s m i t t e r s  and r u g -  
g e d i z e d  Type  B gages  w e r e  c o n s t r u c t e d  and l aunched .  T h e r e  was  no 
output  in Right  on the  f i r s t  l aunch,  sho t  2886. H o w e v e r ,  l aunch  or  
s a b o t - s t r i p p i n g  p e c u l i a r i t i e s  w e r e  p r e s e n t ,  as e v i d e n c e d  by the  s u r -  
face  i r r e g u l a r i t i e s  s e e n  in the  f r o n t - l i g h t  l a s e r  p h o t o g r a p h  in Fig .  17. 
Altl~ough the  c a u s e  of t h e s e  i r r e g u l a r i t i e s  cannot  be p o s i t i v e l y  i d e n t i -  
f ied,  i t  is fel t  to be a r e s u l t  of p a r t i c l e s  f r o m  the  sabot  s t r i p p i n g  op-  
e r a t i o n  i m p a c t i n g  the  m o d e l .  The  pin p r o t r u d i n g  f r o m  the  r e a r  of the  
m o d e l  in Fig .  17 is for  d e t e r m i n i n g  m o d e l  r o l l  o r i e n t a t i o n  in f l ight .  
A l s o  s e e n  in F ig .  17 a r e  the  ink m a r k i n g s  i den t i fy ing  the  p a r t i c u l a r  
m o d e l  (DM-11) .  

H e a t - t r a n s f e r  data  w e r e  a c q u i r e d  f r o m  the  next  two l a u n c h i n g s ,  
sho t s  2919 and 2920, but a c o m p a r i s o n  of the  t e l e m e t e r e d  h e a t - t r a n s f e r  
da ta  to p r e d i c t e d  v a l u e s  was  m o r e  di f f icul t  than  an t i c ipa t ed .  F i r s t ,  a 
c o m b i n a t i o n  of unwanted  t r a n s m i t t e r  f r e q u e n c y  sh i f t  d u r i n g  both 
l a u n c h e s ,  and l i m i t e d  r e c e i v e r  bandwid ths ,  n e c e s s i t a t e d  c o m p l e t e  
p o s t - s h o t  r e c a l i b r a t i o n  of the  r e c e i v i n g  and r e c o r d i n g  s y s t e m s  in 
o r d e r  to  i n t e r p r e t  the  t e l e m e t e r e d  data.  Second,  the  cone  m o d e l s  
w e r e  p i tch ing ,  yawing ,  and r o l l i n g  du r ing  both of t h e s e  sho t s .  It had 
b e e n  hoped  that  a t t i tude  v a r i a t i o n s  would  be m i n i m a l ,  so  that  the  p r e -  
d i c t ed  m o d e l  h e a t - t r a n s f e r  r a t e s  would  be e s s e n t i a l l y  cons t an t .  How-  
e v e r ,  p i t ch  and yaw ang le s  v a r i e d  b e t w e e n  ±4 deg,  wi th  r o l l  r a t e s  on 
the  o r d e r  of 0 .3  d e g / f t ;  th i s  g r e a t l y  in f luenced ,  and c o n s i d e r a b l y  c o m -  
p l i ca t ed ,  the  d e t e r m i n a t i o n  of the  p r e d i c t e d  h e a t - t r a n s f e r  r a t e s .  
A n a l y t i c a l  f l o w - f i e l d  so lu t i ons  w e r e ,  t h e r e f o r e ,  c o m p u t e d  for  the  
p a r t i c u l a r  m o d e l ,  m o d e l  a t t i t udes ,  and Range  G shot  cond i t ions  used ,  
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by m e a n s  of the  t e c h n i q u e s  d e s c r i b e d  in Refs .  9, 10, and 11. T h e s e  
a n a l y t i c a l  da ta  w e r e  u s e d  to p r e d i c t  the  hea t  r a t e s  e x i s t i n g  at the  gage  
l o c a t i o n s  on the  m o d e l  s u r f a c e s ,  e s t a b l i s h i n g  a b a s i s  fo r  c o m p a r i s o n  
wi th  the  t e l e m e t e r e d  data .  

SECTION VII I  
DISCUSSION OF HEAT-TRANSFER DATA 

8.1 PREDICTED HEAT-TRANSFER DATA 

At the  cond i t i ons  u n d e r  wh ich  t h e s e  two m o d e l s  w e r e  l a u n c h e d  - -  
n a m e l y ,  a n o m i n a l  Mach  n u m b e r  of 6 . 0  and a n o m i n a l  f r e e - s t r e a m  
p r e s s u r e  of 50 t o r r  - -  p r e d i c t i o n s  b a s e d  on the  m e t h o d s  d e s c r i b e d  in  
Ref.  9 show the  e x p e c t e d  h e a t - t r a n s f e r  r a t e  at  the  gage  l o c a t i o n  to be 
n e a r  30 B t u / f t 2 - s e c  in  l a m i n a r  flow at z e r o  ang le  of a t t ack .  H o w e v e r ,  
n e i t h e r  m o d e l  went  t h r o u g h  a z e r o  a t t i t ude  cond i t i on  t h r o u g h o u t  f l ight .  
As  an e x a m p l e ,  d e m o n s t r a t e d  by Fig .  18, the  a t t i t ude  da ta  f r o m  e a c h  
s h a d o w g r a p h  s t a t i o n  a r e  p lo t t ed  fo r  sho t  2820 and c o n n e c t e d  by a so l i d  
l ine .  The  da ta  for  sho t  2919 a r e  s i m i l a r .  The  e f fec t s  of m o d e l  r o l l  a r e  
a l s o  i l l u s t r a t e d  in Fig .  18, w h e r e  the  o r i e n t a t i o n s  of the  h e a t - t r a n s f e r  
gage  wi th  r e s p e c t  to the  p i tch  and yaw p lanes  a r e  shown  at s e v e r a l  
s h a d o w g r a p h  s t a t i o n s .  Hea t  r a t e s  p r e d i c t e d  us ing  the  m e t h o d s  of 
Refs .  10 and 11 show tha t  a 3 - d e g  p i tch  angle  wi l l  c a u s e  an i n c r e a s e  in 
hea t  r a t e  a long a w i n d w a r d  r ay  of about 33 p e r c e n t ;  t h e r e f o r e ,  it  is  ob-  
v ious  f r o m  F ig .  1"8 tha t  m e a n i n g f u l  p r e d i c t i o n s  of hea t  r a t e s  m u s t  t ake  
in to  accoun t  the  m o d e l  a t t i tude  i n f o r m a t i o n .  

To p r e d i c t  i n s t a n t a n e o u s  hea t  r a t e s  at the  gage  l o c a t i o n  as a func -  
t ion  of t i m e  (or  d i s t a n c e )  d u r i n g  e a c h  fl ight ,  m o d e l  a t t i t ude  ( ro l l ,  p i tch ,  
and yaw) was m e a s u r e d  at e a c h  s h a d o w g r a p h  s t a t ion .  F r o m  t h e s e  data,  
the  r o l l  o r i e n t a t i o n  of t he  gage ,  wi th  r e s p e c t  to the  w i n d w a r d  ray ,  could  
be d e t e r m i n e d .  The  c h a r a c t e r i s t i c s  p lo t t ed  in F ig .  19, wh ich  a r i s e  
f r o m  the  a n a l y t i c a l  m e t h o d s  p r e s e n t e d  in  Refs .  10 and 11, w e r e  t h e n  
u s e d  to p r e d i c t  hea t  r a t e  at the  p o s i t i o n  o c c u p i e d  by the  gage .  (Mod~l  
v e l o c i t i e s  d e c a y e d  l e s s  than  1.3 p e r c e n t  du r ing  e a c h  f l ight  and,  t h e r e -  
fo re ,  w e r e  c o n s i d e r e d  cons t an t .  ) 

The  p r e d i c t e d  i n s t a n t a n e o u s  h e a t - t r a n s f e r  r a t e s  at the  gage  l o c a -  
t ions  ( x / L  = 0 .684)  fo r  sho t s  2819 and 2920 a r e  shown in F ig s .  20 and 21. 
T h e s e  i n s t a n t a n e o u s  hea t  r a t e s  w e r e  t i m e - i n t e g r a t e d  to d e t e r m i n e  the  
h e a t i n g  e x p e r i e n c e d  by the  gage .  T h e s e  r e s u l t s  a r e  a l so  shown  in 
F i g s .  20 and 21 (as  a r e  the  v a l u e s  wh ich  would  have  r e s u l t e d  had yaw 
and p i tch  b e e n  z e r o ) .  The  gages  (hence ,  the  t e l e m e t r y  s y s t e m s )  w e r e  
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a s s u m e d  to  r e s p o n d  exac t l y  to t h e s e  t i m e - i n t e g r a t e d  c u r v e s .  S lopes  
w e r e  t a k e n  o v e r  r e l a t i v e l y  l i n e a r  p o r t i o n s  of t h e s e  c u r v e s ,  and the  

v a l u e s  wh ich  r e s u l t e d  w e r e  u s e d  as a b a s i s  for  eva lua t i ng  the  
t e l e m e t e r e d  va lues  (which  w e r e  ob ta ined  by t ak ing  s l o p e s  o v e r  r e l a -  
t i v e l y  l i n e a r  p o r t i o n s  of the e x p e r i m e n t a l  da ta) .  

8.2 TELEMETERED HEAT-TRANSFER DATA 

The  t e l e m e t r y  da ta  w e r e  a c q u i r e d  u s i n g  ind iv idua l  r e c e i v e r s  c o v e r -  
ing t h r e e  d i s c r e t e  s e g m e n t s  of the  Range  G f l ight  as d e s c r i b e d  p r e -  
v ious ly :  (1) the  b l a s t  c h a m b e r ,  (2) s h a d o w g r a p h  s t a t i o n s  1 to 14, and 
(3) s h a d o w g r a p h  s t a t i ons  14 to 43. The  r e c e i v e r  outputs  w e r e  r e c o r d e d  
on o s c i l l o g r a p h s  for  both sho t s ,  and a l so  on m a g n e t i c  t ape  fo r  sho t  2920. 

It shou ld  be po in ted  out tha t  the  unwan ted  t r a n s m i t t e r  z e r o  sh i f t s  
wh ich  o c c u r r e d  du r ing  both  l a u n c h e s  would not n e c e s s a r i l y  have  had 
d e l e t e r i o u s  e f fec t s  upon t e l e m e t e r e d  data ,  if s u i t a b l e  r e c e i v e r s  had 
b e e n  ava i l ab l e  fo r  use .  Dur ing  shot  9.919, fo r~example ,  the  z e r o  sh i f t  
( f r e q u e n c y  shif t )  was  a p p r o x i m a t e l y  +300 kHz, and du r ing  sho t  2920, it 
was  about +400 kHz. B e c a u s e  one of the  w i d e - b a n d  (3 .3  MHz) r e c e i v e r s  
was  r e q u i r e d  to m o n i t o r  the  f r e q u e n c y  c o r r e s p o n d i n g  to an o p e n -  
c i r c u i t e d  gage  du r ing  t h e s e  sho t s ,  n a r r o w - b a n d  r e c e i v e r s  w e r e  u s e d  
fo r  two of the  data  c h a n n e l s  (b la s t  c h a m b e r ,  and S ta t ions  1 to 14). F o r  
t h e s e  two sho t s ,  the  z e r o  sh i f t s  d e s c r i b e d  above c a u s e d  the  n a r r o w -  
band r e c e i v e r s  to o p e r a t e  w h e r e  t h e i r  d i s c r i m i n a t o r  c h a r a c t e r i s t i c s  
a r e  n o n l i n e a r ,  n e c e s s i t a t i n g  p o s t - s h o t  r e c a l i b r a t i o n .  T h e s e  r e c e i v e r s  
r e q u i r e  about 60 m i c r o v o l t s  input for  s a t i s f a c t o r y  o p e r a t i o n  (Tab l e  I). 
D u r i n g  f l ight ,  the  i n c o m i n g  s igna l  l e v e l  d r o p p e d  be low th is  va lue  on 
s o m e  o c c a s i o n s ,  d e g r a d i n g  the  a c c u r a c y  wi th  wh ich  the  a e r o d y n a m i c  
da ta  could  be i n t e r p r e t e d .  

A f t e r  t h e s e  l a u n c h e s ,  an i n v e s t i g a t i o n  ( d e s c r i b e d  in Append ix  IV) 
i n d i c a t e d  tha t  the  l a r g e  t r a n s m i t t e r  z e r o  sh i f t s  du r ing  l aunch  p robab ly  
r e s u l t e d  f r o m  f a i l u r e  of the l a r g e - v a l u e d  g l a s s  c a p a c i t o r s  u s e d  as RF  
b y p a s s e s  in the  t e l e m e t r y  c i r c u i t r y .  R e p l a c e m e n t  c a p a c i t o r s  have  now 
b e e n  eva lua t ed  wh ich  a r e  m o r e  r u g g e d  and occupy  only about 1/40 of 
the  v o l u m e  r e q u i r e d  by the g l a s s  c a p a c i t o r s .  T h e i r  u se  shou ld  r e d u c e ,  
and p e r h a p s  e l i m i n a t e ,  t h e s e  z e r o  sh i f t s .  

8.3 COMPARISON OF TELEMETERED AND PREDICTED DATA 

The  t e l e m e t e r e d  and p r e d i c t e d  va lues  of h e a t - t r a n s f e r  r a t e s  for  
sho t s  2919 and 2920 a r e  c o m p a r e d  in F igs .  22 and 23. S e v e r a l  f ace t s  

21 



AEOC-TR-72-37 

of the data in these figures merit some discussion. For example, the 
scarcity of telemetered data for shot 2919 is readily apparent in Fig. 22. 
For unknown reasons, the signal radiated by the transmitter during 
shot 2918 was of a very low power level; hence, satisfactory reception 
was possible only when the model was near the pickup stubs of the 
antenna systems. The lack of coverage between Stations 7 and 14 is 
also obvious from Figs. 22 and 23. This is traceable directly to the 
tube-type receiver used for the Stations 1 to 14 antenna system, and to 
the antenna system itself, which has always been poorer in perform- 
ance than the dowrirange antenna system. 

The  t e l e m e t e r e d  h e a t - t r a n s f e r  r a t e s  in  the  b l a s t  c h a m b e r  o v e r  the  
f i r s t  four  or  f ive m i l l i s e c o n d s  (28 to 35 feet )  fo r  both  sho t s  w e r e  c o n -  
s i d e r a b l y  h i g h e r  t han  the  v a l u e s  p r e d i c t e d  f r o m  a e r o d y n a m i c  c o n s i d e r a -  
t i o n s .  T h i s  h igh  i n d i c a t i o n  p r o b a b l y  r e s u l t e d  f r o m  the  e f f ec t s  of hot 
m u z z l e  g a s e s  e n v e l o p i n g  the m o d e l .  T h e s e  g a s e s  cou ld  have  a c t u a l l y  
p r o d u c e d  a h igh  hea t  r a t e ,  but  they  a l s o  could  have  c a u s e d  the  t r a n s -  
m i t t e r  to i n d i c a t e  a f a l s e  hea t  r a t e  as  a r e s u l t  of f l igh t  t h r o u g h  a 
m e d i u m  whose  c o n d u c t i v i t y  a n d / o r  p e r m i t t i v i t y  was  a p p r e c i a b l y  d i f -  
f e r e n t  f r o m  tha t  of a i r .  S u p p o r t i n g  t h i s  m u z z l e - g a s  s u p p o s i t i o n  is  the  
fact  tha t  t he  t e l e m e t e r e d  v a l u e s  w e r e  m u c h  c l o s e r  to  the  p r e d i c t e d  
v a l u e s  d u r i n g  m o d e l  f l igh t  t h r o u g h  the  l a t t e r  ha l f  of the  b l a s t  c h a m b e r ,  
as  s e e n  in  F i g s .  22 and 23. 

The telemetered data received by the uprange antenna system 
(shadowgraph stations 1 to 14) for shot 2919 indicate an average heat 
rate of 15.8 Btu/ft2-sec, whereas the predicted value is 18 Btu/ft2-sec. 
The only downrange telemetered data which were acquired during this 
shot indicate 27.6 Btu/ft2-sec, whereas the value predicted is 
29.0 Btu/ft2-sec over most of this same distance. Thus the telemetry 
system was indicating heat rates which were 5 to 12 percent below pre- 
dicted values for this shot. 

i 

One of the front-light laser photographs (Fig. 24) shows that the 
gage was recessed about 15 mils below the model surface for shot 2919 
during flight. (It had been flush with the model surface when loaded 
into the gun for launch. ) Recession of the gage easily could result in 
discrepancies of the levels discussed but no effort was made to account 
for that factor. Analytical flow-field solutions for the case of laminar 
flow over a smooth body were used as a standard for comparison. 

It is  d i f f i cu l t  to  i m a g i n e  how the  gage  b e c a m e  r e c e s s e d  wi thout  i n -  
c u r r i n g  s o m e  d a m a g e .  Some  mode l  d a m a g e ,  indeed ,  m a y  have  oc -  
c u r r e d .  As  s e e n  in  F ig .  25, the  p l a s t i c  s c r e w - i n  p lug  wh ich  c o n t a i n s  
t he  t e l e m e t e r  p a c k a g e  can  be s e e n  p r o t r u d i n g  s l i g h t l y  f r o m  the  r e a r  of 
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the  m ode l .  (Th i s  p lug was  m a c h i n e d  f lush  wi th  the  m o d e l  b a s e  a f t e r  
a s s e m b l y .  ) 

The  t e l e m e t e r e d  da ta  for  sho t  2920 a r e  not in  as  good a g r e e m e n t  
wi th  p r e d i c t e d  v a l u e s  as  for  the  p r e v i o u s  sho t  (F ig .  23). A c l o s e  
e x a m i n a t i o n  of the  r e a l - t i m e  o s c i l l o g r a p h  r e c o r d  and the  t ape  p l a y -  
back  shows  tha t  s e v e r a l  ab rup t  and r a n d o m  (but s m a l l )  s t e p  c h a n g e s  
o c c u r r e d  in the  da ta  t r a c e s  t h r o u g h o u t  f l igh t .  As a r e s u l t ,  i f  an 
" a v e r a g e "  ( s t r a i g h t  l ine )  s l ope  is  f a i r e d  t h r o u g h  a l l  the  da ta  r e c e i v e d  
be twee n  S ta t ions  14 and 43, both the r e a l - t i m e  and p l a y b a c k  da ta  i nd i -  
c a t e  r e l a t i v e l y  low hea t  r a t e s  (11 .6  and 16.0  B t u / f t 2 - s e c ,  r e s p e c t i v e l y ) .  
H o w e v e r ,  if  the  e x p e r i m e n t a l  da ta  a r e  e x a m i n e d  c a r e f u l l y ,  and the da t a  
r e d u c e d  only  o v e r  t h o s e  p o r t i o n s  of the  r a n g e  f l igh t  w h e r e  no a b r u p t  
c h a n g e s  o c c u r r e d  in the  da ta  t r a c e s ,  and w h e r e  the  da ta  s l o p e s  w e r e  
r e l a t i v e l y  cons t an t ,  the  hea t  r a t e s  p lo t t ed  in  F ig .  23 r e s u l t .  D u r i n g  
f l igh t  be tween  S ta t ions  20 and 30, for  i n s t a n c e ,  w h e r e  the  p r e d i c t e d  
hea t  r a t e  was  c o n s t a n t ,  four  s e p a r a t e  s lope  r e d u c t i o n s  of e x p e r i m e n t a l  
da ta  i n d i c a t e  a hea t  r a t e  of about  23 .5  B t u / f t 2 - s e c ,  as  can  be s e e n  in  
F ig .  23. T h i s  v a l u e  i s  about  25 p e r c e n t  below the  p r e d i c t e d  va lue .  

In at l e a s t  t h r e e  i n s t a n c e s  in  F ig .  23, l a r g e  d i s a g r e e m e n t s  m a y  be 
s e e n  b e t w e e n  the  i n d i c a t i o n s  f r o m  the  r e a l  t i m e  and f r o m  the  t ape  p l a y -  
back  da ta .  T h i s  is  fe l t  to r e s u l t  f r o m  the  d i f f e r e n t  f r e q u e n c y  r e s p o n s e  
c h a r a c t e r i s t i c s  of the  r e c o r d i n g  s y s t e m s  .used.  O v e r a l l  f r e q u e n c y  
r e s p o n s e  of the  e n t i r e  r e c e p t i o n  s y s t e m  d u r i n g  r e a l - t i m e  r e c o r d i n g  
was  l i m i t e d  by g a l v a n o m e t e r  c h a r a c t e r i s t i c s ,  and was  t y p i c a l l y  0 to 
1 .0  kHz.  H o w e v e r ,  when  r e c o r d i n g  th i s  s a m e  i n f o r m a t i o n  on the m a g -  
ne t i c  tape ,  the  o v e r a l l  r e c e p t i o n  s y s t e m  r e s p o n s e  was  on the  o r d e r  of 
0 to 40 kHz.  Thus ,  c o n t r i b u t i o n s  f r o m  h igh  f r e q u e n c y  c o m p o n e n t s  ( i n -  
c lud ing  e x t r a n e o u s ,  unwanted ,  s i g n a l s )  m a y  have  a p p e a r e d  d u r i n g  p lay  ~ 
back  of the  t a p e - r e c o r d e d  t e l e m e t e r e d  i n f o r m a t i o n ,  s i n c e  p l a y b a c k  was  
p e r f o r m e d  to p r o v i d e  an e f f ec t ive  t i m e  e x p a n s i o n  (32:1).  T h e s e  d i f -  
f e r e n c e s  be tween  da ta  a c q u i s i t i o n  s y s t e m s  a r e  fe l t  p a r t l y  r e s p o n s i b l e  
for  the  o c c a s i o n a l ,  l a r g e  d i s a g r e e m e n t s  in Fig .  23 b e t w e e n  r e a l - t i m e  
and t ape  p l a y b a c k  da ta  and shou ld  be i n v e s t i g a t e d  f u r t h e r .  

A possible source of anomaly associated with shot 2920 again has 
to do with model integrity. A laser photograph taken during this shot 
is shown in Fig. 26 and illustrates the point. The satin or frosted 
appearance of a model's surface has been observed during previous 
Range G shots; however, shot 2920 was the first where this effect was 
so pronounced. By way of comparison, the gage detail can be seen 
quite clearly in Fig. 25, as has been the case during previous telemetry 
shots. A depression of unknown origin in the model surface can also be 
seen in Fig. 26, running from the gage toward the base of the model. 
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Because  of i n s t r u m e n t a t i o n  malfunct ion ,  no l a s e r  photographs  
which would allow d e t e r m i n a t i o n  of whe the r  or  not the gage was r e -  
c e s s e d . w e r e  r e c o r d e d  dur ing shot  2920. 

SECTION IX 
CONCLUDING REMARKS 

Even  though the a g r e e m e n t  between t e l e m e t e r e d  and t h e o r e t i c a l  
h e a t - t r a n s f e r  r a t e s  was not as good as de s i r ed ,  the fact  that  data  were  
r e c e i v e d  at a l l  was encourag ing;  it r e p r e s e n t e d  the f i r s t  known s u c c e s s -  
ful acqu i s i t ion  of on -boa rd  a e r o d y n a m i c  data  v ia  t e l e m e t r y  f rom a two-  
s t age  l a u n c h e r  fac i l i ty .  The di f f icul ty  encoun te red  in obtaining s a t i s -  
f a c to ry  t e l e m e t r y  opera t ion  us ing  a t w o - s t a g e  l a u n c h e r  p rompt s  the 
fol lowing obse rva t i ons :  

1. The a c c e l e r a t i o n s  encoun te red  dur ing the t w o - s t a g e  
launchings  w e r e  lower  in peak magni tude  than those  
encoun te red  dur ing  p rev ious ,  s u c c e s s f h l ,  s i ng l e -  
s t age  l aunch ings ;  however ,  the  a c c e l e r a t i o n s  p e r -  
s i s t e d  for much  longer  t i m e s  in the  t w o - s t a g e  
appl ica t ion .  In r e g a r d  to the dura t ion  of the 
a c c e l e r a t i o n ,  i t  had been d e m o n s t r a t e d  s t a t i c a l l y  
tha t  the t r a n s m i t t e r s  could s u c c e s s f u l l y  wi ths tand  
c o m p r e s s i v e  loads m o r e  than ten  t i m e s  g r e a t e r  than 
the c o m p r e s s i v e  loads expected  as a r e s u l t  of gun 
launch;  yet  unpred ic t ab le  sh i f t s  in t r a n s m i t t e r  f r e -  
quency o c c u r r e d  dur ing  launch,  if  the t r a n s m i t t e r  
opera ted  at al l .  Thus,  c o m p r e s s i v e  s t r e s s e s  alone 
do not appea r  to cause  the t r a n s m i t t e r  mal func t ions  
or  f a i l u r e s  obse rved  in Range G launch ings .  

2. The model  s t r u c t u r e  a p p a r e n t l y  fa i led  in t ens ion  
dur ing  shot  2812, point ing out the l ike l ihood that  
t e n s i l e  waves  p ropaga ted  th rough  the s t r u c t u r e  dur ing  
launch.  T e n s i l e  waves  could have d i s a s t r o u s  ef fec ts  
on the g l a s s  c a p a c i t o r s  used;  and capac i t o r  f a i l u r e  
could cause  the anomalous  t r a n s m i t t e r  behav io r  
( f a i lu re  to opera te ,  or  l a rge ,  unpred ic t ab le  ze ro  
sh i f t s )  obse rved  dur ing  t he se  t w o - s t a g e  l aunches .  
Dur ing  prev ious  s i n g l e - s t a g e  l aunch ings  at h ighe r  
peak a c c e l e r a t i o n s ,  t r a n s m i t t e r s  s e ldom fa i led  to 
opera te ,  and l a r g e  t r a n s m i t t e r  f r equency  sh i f t s  we re  
absent .  However ,  the s i n g l e - s t a g e  l aunches  g e n e r a l l y  
we re  made with the t e l e m e t r y  s y s t e m s  conta ined  in 
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c y l i n d r i c a l  m o d e l s .  Thus ,  it r e m a i n s  to  be d e t e r -  
m i n e d  w h e t h e r  the  t e n s i l e  f a i l u r e  a r o s e  f r o m  the  use  
of a t w o - s t a g e  l a u n c h e r ,  o r  f r o m  the  use  of a d i f f e r e n t  
t e s t  m o d e l ,  o r  both.  

S ta t ic  c o m p r e s s i o n  t e s t s  and d y n a m i c  i m p u l s e  t e s t s  of the  kind p e r -  
f o r m e d  h e r e  cannot  ful ly s i m u l a t e  the  c o m p l e x  s t r u c t u r a l . l o a d i n g  i m -  
p o s e d  on the  m o d e l  by the  t w o - s t a g e  l aunch  cyc l e .  H o w e v e r ,  t h e s e  
t e s t s  do p r o v i d e  r e l a t i v e l y  i n e x p e n s i v e  m e a n s  of s i m u l a t i n g  e i t h e r  
c o m p r e s s i v e  loads  o r  peak  a c c e l e r a t i o n s  for  e v a l u a t i o n  p u r p o s e s .  
F u r t h e r m o r e ,  the  t e s t  s p e c i m e n s  g e n e r a l l y  a r e  r e c o v e r a b l e ,  a l l owing  
p o s t - t e s t  d i a g n o s e s  as to what  s p e c i f i c  c o m p o n e n t  might ,  have  fa i l ed .  
S u c c e s s f u l  s y s t e m  o p e r a t i o n  t h roughou t  s t a t i c  c o m p r e s s i o n  and d y n a m i c  
i m p u l s e  t e s t s  shou ld  not b e  c o n s t r u e d  as e v i d e n c e  tha t  a s y s t e m  wi l l  
p e r f o r m  s a t i s f a c t o r i l y  a f t e r  a t w o - s t a g e  l aunch .  H o w e v e r ,  f a i l u r e  to 
s u r v i v e  t h e s e  s t a t i c  c o m p r e s s i o n  t e s t s  and d y n a m i c  i m p u l s e  t e s t s  shou ld  
be i n t e r p r e t e d  as p r e d i c t i o n s  of f a i l u r e  in the  t w o - s t a g e  l a u n c h e r .  

The  e f fec t s  of m o d e l  pi tch,  yaw, and r o l l  have  b e e n  i n c o r p o r a t e d  
into a t h e o r e t i c a l  p r o g r a m  for  p r e d i c t i n g  s u r f a c e  l ~ e a t - t r a n s f e r  r a t e s .  
Th i s  t h e o r e t i c a l  m o d e l  p r o v i d e s  a c r e d i b l e  r e f e r e n c e  wi th  w h i c h  the  
e x p e r i m e n t a l  t e l e m e t r y  da ta  m a y  be c o m p a r e d .  H o w e v e r ,  i t  is c l e a r  
tha t  a p i t ch ing ,  yawing,  and r o l l i n g  cone  m o d e l  is not  the  i dea l  t e s t  
v e h i c l e  in wh ich  to eva lua t e  the  t e l e m e t r y  s y s t e m ,  b e c a u s e  the  h e a t -  
t r a n s f e r  r a t e  at the  gage  l oca t i on  is not  cons t an t .  At p r e s e n t ,  the  
t r a n s i e n t  r e s p o n s e  of the  gage  has  b e e n  i n v e s t i g a t e d  only  for  the  
a s s u m e d  c a s e  of a s t ep  input  of the  p r o p e r  m a g n i t u d e ,  fo l lowed  by a 
s i n u s o i d a l  v a r i a t i o n  in hea t i ng  as a r e s u l t  of s i m p l e  m o d e l  o s c i l l a t i o n .  
St i l l  to be i n v e s t i g a t e d  a r e :  (1) p o s s i b l e  e f fec t s  on da ta  t e l e m e t e r e d  
s u b s e q u e n t  to e x p o s u r e  of the  gage  to an e x t r e m e l y  h igh  hea t  r a t e ,  s u c h  
as migh t  be  e x p e r i e n c e d  e a r l y  in the  b l a s t  c h a m b e r  du r ing  a Range  G 
t e l e m e t r y  sho t  ( F i g s .  22 and 23); and (2) the  t r a n s i e n t  r e s p o n s e  of the  
gage  to a n o n - s i n u s o i d a l  input  such  as shown by the  p r e d i c t e d  r a t e s  in  
F i g s .  20 and 21. 

In s u m m a r y ,  h e a t - t r a n s f e r  data  w e r e  ob ta ined  du r ing  two c o n s e c u -  
t ive  l a u n c h i n g s .  Data  a g r e e m e n t  wi th  p r e d i c t e d  v a l u e s  was  not  as good 
as expec t ed ,  p r o b a b l y  a r e s u l t  of a c o m b i n a t i o n  of the  fo l lowing  f a c t o r s :  
(1) d i s c r e p a n c i e s  in  p r e d i c t i n g  the  t r a n s i e n t  ~ v a l u e s  wh ich  r e s u l t e d  
f r o m  m o d e l  a t t i tude  v a r i a t i o n s ;  (2) i n c o r r e c t  a s s u m p t i o n  that  the  gage  
fo l lows the  f ~ dt c u r v e  exac t ly ;  and (3) d e g r a d a t i o n  of da ta  r e s o l u t i o n  
and a c c u r a c y  by low s igna l  l e v e l s ,  and by n o n l i n e a r  r e c e i v e r  o p e r a t i o n .  

One of the  w e a k  l inks  in  r e g a r d  to h e a t - t r a n s f e r  t e l e m e t r y  - -  
n a m e l y ,  the  one caus ing  the  l a r g e  z e r o  shi f t  - -  was  t e n t a t i v e l y  i d e n t i f i e d  

2 5  



AEDC-TR-72-37 

in l a b o r a t o r y  t e s t s  subsequent  to the two launches  ment ioned  above.  A 
g lass  c apac i t o r  i n v a r i a b l y  fai led~firs t ,  and produced  a l a rge  shif t  in 
t e l e m e t e r  f requency,  dur ing  s t a t i c  c o m p r e s s i o n  t e s t s .  As d e s c r i b e d  
in Appendix IV, a c a p a c i t o r  p e r f o r m i n g  one p a r t i c u l a r  function appea r s  
p a r t i c u l a r l y  suscep t ib le  to e a r l y  fa i lu re ;  and fa i lu re  of this  c apac i t o r  
would produce  the l a rge ,  unpred ic tab le  ze ro  shi f ts  observed ,  as d i s -  
cussed  in Sect ion 6.2.  Uncased,  c e r a m i c  c a p a c i t o r s ,  which were  ac-  
qu i red  and s t a t i c - c o m p r e s s i o n  tes ted ,  appea r  c l e a r l y  s u p e r i o r  to g lass  
c apac i t o r s  for  gun- range  t e s t s ,  and wil l  be eva lua ted  in any future  
r ange  t e l e m e t r y  appl ica t ions .  

Be t t e r  r e so lu t i on  is r e q u i r e d  in the t e l e m e t r y  readout  i n s t r u m e n t a -  
t ion.  The p r e s e n c e  of noise  in the data t r a c e  can m a s k  s m a l l  changes  
in data  s lope (heat  ra te) ,  ye t  r e l a t i v e l y  high f requency  r e s p o n s e  is r e -  
qu i red  to prov ide  fast  r i s e  t imes  in t r a n s i e n t  appl ica t ions  such as 
these." The data  f r equenc ies  should be r e l a t i v e l y  low, s ince  the f r e -  
quency of model  o sc i l l a t i on  is on the o r d e r  of 25 Hz. If the r i s e  t ime  
r e q u i r e m e n t  could be d i s r ega rded ,  an o v e r a l l  s y s t e m  r e s p o n s e  of 0 to 
50 Hz would probably  be adequate,  a s suming  s imp le  model  mot ion.  
Some p r e l i m i n a r y  work  has been done in p laying back the data  tapes  
th rough  low- f r equency  g a l v a n o m e t e r s  (0 to 25 Hz), and th rough  v e r y  
low- f requency  f i l t e r s  (0 to 0 .5  Hz). Though not enough r e s u l t s  have 
been obtained to make  f i r m  r e c o m m e n d a t i o n s  at this  t ime ,  it appear s  
quite poss ib le  to e s t ab l i sh  a r e a l i s t i c  t r adeof f  between f requency  
r e s p o n s e  and r i s e  t ime  r e q u i r e m e n t s  such that  no i se  effects  on data  
can  be subs t an t i a l l y  reduced .  

Now that  t e l e m e t r y d a t a  have been obtained,  the s o l i d - s t a t e  wide-  
band r e c e i v e r s  p r ev ious ly  used to mon i to r  c e r t a i n  t e l e m e t r y  f a i lu re  
modes  could be used for ~ data  acquis i t ion .  This  would g r ea t l y  reduce ,  
and perhaps  e l imina te ,  data reduc t ion  compl ica t ions  r e su l t i ng  f rom 
t r a n s m i t t e r  ze ro  sh i f t s  such  as o c c u r r e d  during these  two shots .  
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TABLE I 
TYPICAL RECEPTION SYSTEM 

Channel  
Number  

2 * *  

3 

4 

Rec e ive r  

Bandwidth,  
M H z  

3.3 

3.3 

1.0 

1.2 

1.2 

1.2 

Input, * 
m i c r o v o l t s  

~6 

4 

60 

60 

60 

Antenna 
Loca t ion  

(See Fig.  9) 

Downrange 
(Sta. 23) 

Long Wi re  

Downrange 

Downrange 

Uprange 

Blas t  
C h a m b e r  

R e c e i v e r  
Tuned to: 

f o * * *  

f o  - 8 . 5  M H z  

f o  - 2 M H z * * * *  

fo  + 4 0  M H z  

fo 
fo 

Moni tor  
P u r p o s e  

Cl Data  

r 
Gage Open C i r c u i t  

High 

VVC Open C i r c u i t  

Data  

Data 

*Min imum input r e q u i r e d  for  s a t i s f a c t o r y  ope ra t i on  using d i r ec t  modula t ion  t echn iques ;  
s ee  text .  

**Channel  2 r e c e i v e r ,  which m o n i t o r s  o p e n - c i r c u i t e d  gage, uses  long wi re  antenna.  If 
gage c i r cu i t  opens downrange  of bulkhead,  no s igna l  is r e c e i v e d  on th is  channe l  ( see  
Fig.  9). 

***fo is p r e - l a u n c h  t e l e m e t e r  opera t ing  f requency .  

****Upper  band edge of R e c e i v e r  3 tuned to s a m e  f requency  as lower  band edge R e c e i v e r  1. 

m 

9 
-4 
2 

bJ 
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TABLE II 
EFFECTS OF CAPACITOR FAILURE ON TRANSMITTER OPERATION 

Capac i to r  Number  
(See F igure  Below) 

1 

2 

3 

4 

5 (VVC) 

6 

Effect  on 
Opera t ing  Frequency ,  fo 

No RF Output 

I n c r e a s e s - 6 0  MHz 

I n c r e a s e s  ~20 MHz 

Changes 0 ± 2 MHz; See Text  

I n c r e a s e s  ~40 MHz 

No RF Output* 

w 

B 

+ 

T 

1 

181 ¢VWW ~ - - -  

* T r a n s m i t t e r  poss ib ly  could be opera t ing ,  but above 
the upper  tuning l imi t  of the r e c e i v e r  (260 MHz). 
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TABLE III 
RESULTS OF STATIC COMPRESSION TESTS 

> 
m 
0 
? 
'11 

M 

.,4 

C i r c u i t  
No; 

10 

11 

12 

13 

DM-2  

DM-3  

DM-4  

O p e r a t i n g  
F r e q u e n c y ,  

MHz 

142 

142 

143 

196 

198 

196 

141 

140 

143 

F r e q u e n c y  Shift  a f t e r  Load  R e m o v a l ,  kHz 

2 klb 

425 

+20 

+20 

+10 

+10 

+15 

+20 

+20 

+20 

4 klb 

+50 

-40 

+50 

+25 

+30 

+50 

+50 

+60 

+60 

6 klb 

480 

+100 

+85 

+80- 

+50 

+75 

+90 

+I00 

+I00 

8 klb 

+100 

+125 

+110 

+60 

+80 

+100 

+115 

+120 

+130 

10 klb 

+125 

+150 

+130 

+140 

+90 

+130 

+180 

+140 

+150 

Comments 

No l a r g e  f r e q u e n c y  j u m p s  r e c o r d e d .  

L a r g e  f r e q u e n c y  j u m p s  whi le  load ing  
t o 4 ,  6, and 8 k l b .  

No l a r g e  f r e q u e n c y  j u m p s  r e c o r d e d .  

L a r g e  f r e q u e n c y  j u m p  While load ing  
to  I0 klb.  

L a r g e  f r e q u e n c y  j u m p s  o c c u r r e d  
whi le  load ing  to 8 and 10 klb.  

L a r g e  f r e q u e n c y  j u m p  whi le  l oad ing  
to 8 klb.  

L a r g e  f r e q u e n c y  j u m p  whi le  load ing  
to  10 klb.  

No l a r g e  f r e q u e n c y  j u m p s .  

L a r g e  f r e q u e n c y  j u m p s  whi le  l oad ing  
to 8 and 10 klb.  
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TABLE IV 
RESULTS OF GUN-RANGE TESTS 

Shot 
No.  

2562 

2565 

I 

I $ 
' 2566 

2570 

Date 

1 1 / 1 7 / 7 o  

1112o/7o 

lz/2317o 

11126/7o 

2662 1 / 1 1 t 7 1  

2663 1/12/71 

I T ransmi t t e r  
! Type 

Thin Fi lm 

Thin Film 

Thin Fi lm 

Thin Film 

Cordwood 

Cordwood 

2810 4 / 8 / 7 1  C o r d w o o d -  
VVC 

2811 4 / 9 / 7 1  C o r d w o o d -  
VVC 

281~ 4 / 1 2 / 7 1  C o r d w o o d -  
VVC 

2886 6 / 3 0 / 7 1  C o r d w o o d -  
VVC 

2919 9 / 9 / 7 1  Cordwood- 
VVC 

2920 9 / 1 0 / 7 1  Cordwood- 
VVC 

*Also chrmtened new Ran 

Purpose  of 
Shot 

Impulse  Test;  
Data 

Impulse Test  

Impulse  Test;  
Data 

Impulse  Test  

Impulse  Test ;  
Data" [ 

Impulse  Test ;  
~I Data 

Data 

Data 

Data 

Data 

i 
I Notes 
i 

Type A Gage 

Type A ~ Gage 
Recessed and 
Covered w~h 
Epoxy 

5-Piece Sabot 
(See Text) Type A 
Gage 

No (] gage; 
Replaced with 
Res i s to r  

5-Piece Sabot 
Type A Gage 

Same, Except 
Metal Model 

Type A Gage 

Type A Gage 

i 
• Type A Gage 

i 
Type B Gage 

Results  

Large / , f (~-500 kHz) which fluctuated in 
accordance with model motion. Poss ib le  high, 
unexpected heat ra te  in ba r re l  o r  in flight. 
Poss ib le  circuit  malfunction. No ~ data; data 
slope wrong direction. 

Constant Af of ~ +600 kHz, with no fluctuation. 
Poss ible  circuit  malfunction. Poss ib le  gage 
loading, causing Af by permanent  deformation. 
No ~ data possible because of covered gage. 

No output in flight; possible gage failure; 
possible circuit  failure. 

No output in flight; concluded c i rcu i t ry  at fault. 

Model destroyed during launch. 

A f ~  +260 kHz, no ~'data; data t race  
fluctuating in accordance with model 
motion; data slope wrong direction. 
Off course ;  impacted shield at midrange.  

~ f  - -600 kHz (off osci l lograph t races )  quit 
about midrange,  suspect  preheating of cl gage 
during launch; possible ~ gage failure in Qight. 

gage opened. 

Model failed; ~ gage opened. 

No output in flight. 

Data Type B Gage ~ data obtained, see  text. 

Data I Type B Gage 

I 

data obtained, see  text. 

e G launcher.  
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APPENDIX III 
FM/FM TELEMETRY SYSTEM 

GENERAL DESCRIPTION 

A single-channel, F M / F M  t r a n s m i t t e r  was  d e v e l o p e d  wh ich  u s e d  
a un i j unc t i on  t r a n s i s t o r  (UJT)  fo r  the  s u b c a r r i e r  o s c i l l a t o r  (SCO), 
and a f i e l d - e f f e c t  t r a n s i s t o r  ( F E T )  for  the  t r a n s m i t t e r .  The  s y s t e m  
c o n t a i n e d  no m o r e  e l e c t r o n i c  c o m p o n e n t s  t han  the C o l p i t t s - V V C  
t r a n s m i t t e r ,  ye t  had two a d v a n t a g e s  o v e r  the  l a t t e r .  F i r s t ,  the  
F E T - S C O  s y s t e m  was  r e l a t i v e l y  i n s e n s i t i v e  to s u p p l y  vo l t age  v a r i a -  
t i o n s .  A change  of s u p p l y  vo l t age  of 50 p e r c e n t  ( f r o m  8 to  4 vo l t s )  
would  r e s u l t  in a da ta  e r r o r  n e a r  20 p e r c e n t  on the  F M / F M  s y s t e m ;  
w h e r e a s ,  a vo l t age  change  of 25 p e r c e n t  ( c o r r e s p o n d i n g  to  the  l o s s  of 
one ce l l )  on the  C o l p i t t s - V V C  s y s t e m ,  would r e s u l t  in  l o s s  of a l l  da ta .  
Second,  a m u l t i c h a n n e l  F M / F M  s y s t e m  would con t a in  c o n s i d e r a b l y  
f e w e r  o n - b o a r d  c o m p o n e n t s  than  a m u l t i c h a n n e l  C o l p i t t s - V V C  s y s t e m .  
I t  was  po in ted  out in  Ref .  5 t ha t ,  in an F M / F M  s y s t e m ,  the  da ta  a r e  
c o n t a i n e d  in  f r e q u e n c y  v a r i a t i o n s  of the  SCO; thus ,  t h i s  s y s t e m  does  
not r e q u i r e  as h igh  an i n c o m i n g  R F  l e v e l  fo r  s a t i s f a c t o r y  da ta  r e -  
c o v e r y  as  does  a d i r e c t  m o d u l a t i o n  s y s t e m  s u c h  as  the  C o l p i t t s - V V C .  
The  F M / F M  s y s t e m  r e q u i r e s  only the  add i t ion  of a n o t h e r  s u b c a r r i e r ,  
wh ich  would  s h a r e  the  s a m e  t r a n s m i t t e r  and r e c e i v e r ,  fo r  d u a l - c h a n n e l  
da ta  a c q u i s i t i o n .  The  use  of C o l p i t t s - V V C  t r a n s m i t t e r s  would r e q u i r e  
a s e p a r a t e ,  c o m p l e t e  t r a n s m i t t e r ,  as we l l  as  a s e p a r a t e  r e c e i v e r ,  for  
e ach  channe l .  

SUBCARRIER OSCILLATOR (SCO) 

A un i junc t i on  t r a n s i s t o r  was  s e l e c t e d  for  SCO f r e q u e n c y  g e n e r a -  
t ion .  A p r o g r a m m a b l e  UJT,  known as  an a n o d e - g a t e  t h y r i s t o r ,  was  
found to be qui te  v e r s a t i l e  fo r  t h i s  a p p l i c a t i o n .  It  was  d e s i r e d  to have  
the  UJT w o r k  only  as  a sw i t ch ,  so  tha t  the  SCO f r e q u e n c y  would be a 
func t ion  of l u m p e d  c o m p o n e n t s  on ly  ( i nc lud ing  the  gage  r e s i s t a n c e ) ,  
and not UJT  p a r a m e t e r s .  

The  c i r c u i t  d i a g r a m  fo r  the  SCO shown in F ig .  HI -1  was  d e v e l -  
oped,  which  o p e r a t e s  as  fo l lows :  The  ga te  v o l t a g e  is  e s t a b l i s h e d  by a 
r e s i s t i v e  d i v i d e r  c o n t a i n i n g  the  gage .  The  t i m i n g  c a p a c i t o r s  c h a r g e  
un t i l  the  anode vo l t age  e x c e e d s  the  ga te  vo l t age ,  at  wh ich  t i m e  the  
t h y r i s t o r  f i r e s ,  d i s c h a r g i n g  the  c a p a c i t o r s .  The  t h y r i s t o r  t h e n  r e -  
s e t s ,  and the  c y c l e  s t a r t s  ove r .  Thus ,  the  output  vo l t age  i s  a pu l se  
t r a i n  whose  r e p e t i t i o n  r a t e  m a y  be v a r i e d  by chai~ging e i t h e r  the  
c h a r g i n g  r e s i s t o r ,  c h a r g i n g  c a p a c i t o r ,  o r  ga te  v o l t a g e .  

6O 
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An SCO f r e q u e n c y  be tw een  20 and 30 kHz was  s e l e c t e d  b e c a u s e ,  
at  f r e q u e n c i e s  above  30 kHz,  the  w a v e f o r m  b e c a m e  q u a s i - s i n u s o i d a l ,  
p o s s i b l y  i n d i c a t i n g  an  i n f l u e n c e  f r o m  UJT p a r a m e t e r s .  A v a i l a b i l i t y  
of l a r g e - v a l u e d  c o m p o n e n t s  and UJT  d e s i g n  c r i t e r i a  d e t e r m i n e d  the  
l o w e r  f r e q u e n c y  l i m i t .  

As  a r e s u l t  of the  10 k - o h m  r e s i s t o r  b e t w e e n  ga te  and g round  
(F ig .  I I I -1) ,  the  SCO wi l l  r e m a i n  on if  the  gage  open c i r c u i t s ;  how-  
e v e r ,  the  o p e r a t i n g  f r e q u e n c y  wi l l  d rop  to about  10 kHz.  The  o t h e r  
componen t  v a l u e s  shown  in F ig .  HI -1  w e r e  d e t e r m i n e d  e x p e r i m e n t a l l y  
as  o f f e r i ng  a good c o m p r o m i s e  be tween  m o d u l a t i o n  c h a r a c t e r i s t i c s ,  
vo l t age  s t a b i l i t y ,  c u r r e n t  d r a i n ,  and o p e r a t i n g  f r e q u e n c y .  

FET TRANSMITTER 

IJse of a Type  A (depletion mode)  F E T  a l l owed  c o n s t r u c t i o n  of a 
t r a n s m i t t e r  wh ich  was  m u c h  s i m p l e r  t han  the p r e s e n t  C o l p i t t s - V V C  
c i r c u i t ,  as  m a y  be s e e n  by c o m p a r i n g  F ig .  I I I -1  and F ig .  6. T h i s  
was  p o s s i b l e  b e c a u s e  a Type  A F E T  is  a n o r m a l l y - o n  d e v i c e  wi th  the  
ga te  at dc g round ;  w h e r e a s ,  a c o n v e n t i o n a l  t r a n s i s t o r  in a s i m i l a r  
c o n f i g u r a t i o n  i s  n o r m a l l y  off, and m u s t  be b i a s e d  on to o p e r a t e .  

The  t r a n s m i t t e r  in F ig .  I I I -1  is  a H a r t l e y  o s c i l l a t o r  in a g r o u n d e d -  
d r a i n  c o n f i g u r a t i o n .  I t s  vo l t age  s e n s i t i v i t y  was  shown  p r e v i o u s l y  in  
F ig .  12. The  t r a n s m i t t e r  is  f r e q u e n c y  m o d u l a t e d  by i n j e c t i n g  the  SCO 
s i g n a l  at the  F E T ' s  s u b s t r a t e .  

STATIC COMPRESSION TESTS 

Two s t a t i c  c o m p r e s s i o n  t e s t  s l u g s  w e r e  c o n s t r u c t e d  c o n t a i n i n g  
SCO ' s  (only) .  A f ixed 1000-ohm r e s i s t o r  r e p l a c e d  the  gage  for  t h e s e  
t e s t s ,  and one 2 2 0 - p F  c a p a c i t o r  was  used  i n s t e a d  of the  two 100 -pF  
c a p a c i t o r s  shown  in F ig .  I I I -1 .  (Th i s  was  b e f o r e  the  s u s c e p t i b i l i t y  of 
l a r g e - v a l u e d  c a p a c i t o r s  to s t r e s s  was  r e a l i z e d .  ) The  2 2 0 - p F  c a p a c i t o r  
opened d u r i n g  epoxy c u r e  on one s p e c i m e n .  The  o t h e r  s p e c i m e n  o p e r -  
a ted  s a t i s f a c t o r i l y  d u r i n g  the  t e s t ,  exh ib i t i ng  an SCO f r e q u e n c y  c h a n g e  
of 1 .4  p e r c e n t  of c e n t e r  f r e q u e n c y  a f t e r  r e m o v a l  of a 12 ,000-1b load .  

Two F E T - H a r t l e y  o s c i l l a t o r s  (F ig .  I I I -1)  w e r e  a l s o  t e s t e d  in 
s t a t i c  c o m p r e s s i o n .  N e i t h e r  f a i l ed  at loads  up to 12 ,000 lb.  P e r m a -  
nent  f r e q u e n c y  s h i f t s  r e m a i n i n g  a f t e r  r e m o v a l  of the  12, 000-1b l oads  
w e r e  20 and 90 kHz.  T h e s e  v a l u e s  a r e  c o m p a r a b l e  to the  f r e q u e n c y  
sh i f t s  of C o l p i t t s - V V C  t r a n s m i t t e r s ,  upon r e m o v a l  of 10, 000-1b loads  
( T a b l e  III).  
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APPENDIX IV 
UNCASED, CERAMIC CAPACITORS 

E x a m i n a t i o n  of bench  and r a n g e  t e s t  r e s u l t s  i n d i c a t e d  that  a p o s -  
s i b l e  c a u s e  of the l a r g e  t r a n s m i t t e r  sh i f t s  o b s e r v e d  in Range  G, o r  
the  f a i l u r e  of a t r a n s m i t t e r  to o p e r a t e  in f l ight  at al l ,  r e s u l t e d  f r o m  
f a i l u r e  of one or  m o r e  of the  s ix  g l a s s  c a p a c i t o r s  used .  Unl ike  t r a n s -  
d u c e r  f a i l u r e ,  c a p a c i t o r  f a i l u r e  is d i f f icu l t  to iden t i fy  p o s i t i v e l y .  
F a i l u r e  of a c a p a c i t o r  wi l l  c a u s e  the  t r a n s m i t t e r  to i n d i c a t e  e i t h e r  a 
l a r g e  z e r o  sh i f t  o r  wi l l  c a u s e  the  t r a n s m i t t e r  to shut  down c o m p l e t e l y ,  
as d e s c r i b e d  e a r l i e r  in Tab le  II. Sta t ic  c o m p r e s s i o n  t e s t s  s h o w e d  
that  the  g l a s s  c a p a c i t o r s  u s e d  i n v a r i a b l y  fa i l ed  u n d e r  load  b e f o r e  any 
of the  o t h e r  coml~onents .  

S ince  the  g l a s s  c a p a c i t o r s  had w i th s tood  c o m p r e s s i v e  loads  d u r i n g  
bench  t e s t s  wh ich  w e r e  fa r  in e x c e s s  of the  c o m p r e s s i v e  loads  ex -  
p e c t e d  du r ing  l aunch ,  a n o t h e r  f a i l u r e  m o d e  was fe l t  l i ke ly .  The  e f f ec t s  
of shock  p r o p a g a t i o n  and t e n s i l e  l oad ing  of the  c o m p o n e n t s  w e r e  
s t r o n g l y  s u s p e c t e d .  In addi t ion ,  the  g l a s s  c a p a c i t o r s  a r e  so  l a r g e  that  
t hey  occupy  a s i z a b l e  p o r t i o n  of the  s p a c e  a l lo t t ed  to the  t e l e m e t r y  c i r -  
c u i t r y  aboa rd  the  m o d e l ,  wh ich  migh t  t end  to i n c r e a s e  s t r e s s  c o n c e n -  
t r a t i o n s .  F o r  t h e s e  r e a s o n s ,  a s e a r c h  for  s m a l l e r ,  m o r e  r u g g e d  
c a p a c i t o r s  was  begun.  S a m p l e s  of u n c a s e d ,  c e r a m i c  c a p a c i t o r s ,  in 
the  v a l u e s  r e q u i r e d ,  w e r e  eva lua t ed .  The  s m a l l e r  v o l u m e  wh ich  they  
would  occupy  is i l l u s t r a t e d  by c o m p a r i n g  t h e i r  d i m e n s i o n s  wi th  t h o s e  
of the  c u r r e n t l y  u s e d  c a p a c i t o r .  

C u r r e n t l y  Used  C a p a c i t o r  
C e r a m i c  Type  1 
C e r a m i c  Type  2 

360 x 165 x 100 ( m i l s )  
50 x 40 x 40 ( m i l s )  
75 x 50 x 40 ( m i l s )  

Thus ,  by s i m p l y  chang ing  to c e r a m i c  c a p a c i t o r s ,  the  c a p a c i t o r s  would  
occupy  l e s s  than  0 .5  p e r c e n t  of the  v o l u m e  ava i l ab l e  in the  cone  m o d e l ,  
i n s t e a d  of the  15 p e r c e n t  c u r r e n t l y  r e q u i r e d  by the  g l a s s  c a p a c i t o r s .  

To evaluate the ceramic capacitors (relative to glass capacitors), 
six static compression test slugs containing transmitters were fabri- 
cated, two each with the three different types of capacitors. Figure IV-I 
is a comparison of the results, and shows no great spread in permanent 
frequency shifts remaining after load removal, up until 10-kilopound 
loads were reached. A large, permanent, frequency jump occurred as 
a 10-kilopound load was being removed from the first SCT slug con- 
taining glass capacitors. When an attempt was made to apply a 
12-kilopound load, the transmitter appeared to cease operating when 
8 kilopounds was reached. By leaving the load applied to the SCT slug, 

63 



AEDC-TR-72-37 

the r e c e i v e r  was tuned to d e t e r m i n e  what had fa i led .  It was found tha t  
the 150-pF R F  bypass  between o s c i l l a t o r  base  and B-  had opened. 
Dur ing  t e s t s  of the second  SCT s lug conta in ing  g l a s s  c a p a c i t o r s ,  a 
f requency  jump of +50 kPIz o c c u r r e d  at 9 .8  ki lopounds on the way to 
10-kilopounds load. While  loading to 12 ki lopounds,  the f r equency  
jumped +160 kHz at 6 .7  ki lopounds.  This  s lug  was then cyc led  be-  
tween 0 and 12 ki lopounds.  Af te r  s ix  cyc l e s ,  the t r a n s m i t t e r  appea red  
to c e a s e  ope ra t ing  at l e s s  than 2-ki lopound load. Re tu rn ing  the r e -  
c e i v e r  v e r i f i e d  tha t  the 150-pF RF  bypass  be tween base  and B-  had 
again  fa i led.  By way of c o m p a r i s o n ,  no d i s c r e p a n c i e s  of any s o r t  
appea red  dur ing  t e s t s  of the four r e m a i n i n g  SCT s lugs  conta in ing  
c e r a m i c  c a p a c i t o r s .  

The above t e s t s  pointed out that  the.re could be a connect ion  be -  
tween g l a s s  c a p a c i t o r  f a i l u r e s  and the l a rge ,  unexplained,  t r a n s m i t t e r  
f r equency  sh i f t s  obse rved  dur ing r ange  fl ight.  F i r s t ,  l a r g e r - v a l u e d  
g l a s s  c a p a c i t o r s  c o n s i s t e n t l y  fa i led before  s m a l l e r - v a l u e d  ones .  
Second, c a p a c i t o r s  p e r f o r m i n g  the s a m e  funct ions fa i led  in both the  
above SCT s lugs ,  namely ,  the "bot tom" R F  bypass  (Fig .  6); ye t  the 
" top" RF bypass  is of the  s a m e  value.  The s a m e  component  o r i e n t a -  
t ion j ig  was used to build the  SCT s lugs  as was used to build the r ange  
t e s t  mode l s .  It is  poss ib l e  that  it is  m e r e l y  co inc iden ta l  that  the s a m e  
c a p a c i t o r  fa i led  on both SCT s lugs ,  but it is a l so  poss ib le  that  use  of 
th is  p a r t i c u l a r  o r i en ta t ion  j ig  a g g r a v a t e s  an a l r e a d y  m a r g i n a l  com-  
ponent by pos i t ion ing  it in an a r e a  sub jec ted  to abno rma l  s t r e s s e s .  

It should  be pointed out that  a r epea tab le ,  +2 MHz shi f t  was ob- 
s e r v e d  when the g l a s s  c a p a c i t o r  ment ioned  above was e l e c t r i c a l l y  
opened dur ing  SCT s lug cons t ruc t ion .  Such was not the case ,  however ,  
when the s a m e  component  was opened in a t e l e m e t r y  package conta ined  
in a cone model ,  as d e s c r i b e d  p rev ious ly ;  unpred ic t ab le  f r equency  
sh i f t s  in the r ange  f rom -2 MHz to +2 MHz w e r e  obse rved .  Thus,  it 
wi l l  be e x t r e m e l y  diff icul t  to pinpoint  f a i lu re  of th i s  p a r t i c u l a r  com-  
ponent dur ing  fl ight of a t e l e m e t r y - e q u i p p e d  cone model  in Range G. 

In s u m m a r y ,  uncased  c e r a m i c  capac i t o r s  we re  compa red  with the 
c u r r e n t l y  used c a p a c i t o r s  by means  of s t a t i c  c o m p r e s s i o n  t e s t  r e s u l t s ,  
and c l e a r l y  .appear to be s u p e r i o r  for  gun range  t e l e m e t r y  p u r p o s e s .  
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