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ABSTRACT 

The engineering aspects of the Pitot-static Probe experiment are presented 
with emphasis on the design and fabrication of the special instrumentation 
and circuits that were developed to make implementation of the technique pos- 
sible. 

rnL- 0 ?--:--A:-.- 
uc L Z L J L L C ~ L L U ~ L  of tiit. rneciianicai system, testing procedures, and a prei- 

ude of launch operations are included. Future considerations towards system 
improvements and greater measurement accuracy conclude the report. 
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Fig .  1. P i t o t - s t a t i c  Probe rocket before launch. 
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1. INTRODUCTION 

1,l HISTORY 

The P i t o t - s t a t i c  Probe i s  a f u l l y  o p e r a t i o n a l  system capable  of determin- 
i n g  atmospheric d e n s i t y ,  p r e s s u r e ,  and temperature  i n  t h e  a l t i t u d e  range be- 
tween 30 km and 120 km. B a s i c a l l y ,  t h e  technique involves  making two d i r e c t  
p r e s s u r e  measurements on a rocke t  s u r f a c e ,  one t h e  p i t o t  or impact p r e s s u r e ,  
t h e  o t h e r  be ing  t h e  s t a t i c  o r  ambient p re s su re  (hence t h e  term P i t o t - S t a t i c  
Probe) ,  
o t h e r  parameters.  

The measured p res su res  are then used t o  mathematically d e r i v e  t h e  

Since t h e  program's i n c e p t i o n  i n  e a r l y  1960, several launchings have been 
s u c c e s s f u l l y  c a r r i e d  out  a t  va r ious  l o c a t i o n s  ( s e e  Appendix 8.2)  

I n i t i a l  development of t h e  probe ( fo l lowing  work by Ainsworth, Fox, a.nd 
LaGowl) began wi th  t h e  support  of t h e  AFCRL Geophysics Research D i r e c t o r a t e  
whereby a p ro to type  nose cone was developed t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of 
t h e  experiment. 
o f  t h e  D e n s a t r 0 n , ~ , 3  a r a d i o a c t i v e  i o n i z a t i o n  p r e s s u r e  gage, two of which 
were subsequent ly  used as t h e  p re s su re  t r a n s d u c e r s  i n  t h e  p ro to type  nose cone, 
Other i n s t r u m e n t a t i o n  needed t o  support  t h e  experiment were a l s o  developed and 
p r o v i s i o n s  were made f o r  i n s t a l l i n g  DOVA$ i n s t rumen ta t ion  i n  t h e  nose 
cone. 

E a r l i e r  work by t h i s  l a b o r a t o r y  r e s u l t e d  i n  t ,he development 

A t e s t  launching of t h e  prototype nose cone aboard a Nike-Cajun Rocket 
(~6.340) w a s  conducted i n  Octoberj1960,at  Ft. C h u r c h i l l ,  Manitoba, Canada. 
The f l i g h t  o b j e c t i v e s  were r e a l i z e d  and f u r t h e r  work, w i th  t h e  support  o f  
NASA, Goddard Space F l i g h t  Center,  towards t h e  development of a p r a c t i c a l  sys -  
t e m  w a s  i n i t i a t e d .  

DES1 GN OBJECTIVES 

Besides  making t h e  b a s i c  measurements, primary o b j e c t i v e s  i n  t h e  P i t o t -  
Static Probe des ign  were t o  provide an experiment capable  of be ing  launched 
anywhere wi th  minimum ground support  equipment, r e q u i r e d  and without  loss  of 
d a t a  accuracy,  
system t h a t  r e q u i r e s  l i t t l e  f i e l d  maintenance. The payload des ign  a l s o  i n -  
c luded  p rov i s ions  for ga the r ing  engineer ing daLa that  would I n c r e a s e  kr,o::ledge 
of t h e  measurement and f a c i l i t a t e  system improvement. Wherever p o s s i b l e ,  f l e x -  
i b i l i t y  was included i n  t h e  design t o  a l low p e r i o d i c  updat ing of  t h e  i n s t r u -  
ment that  would r e f i e c t  t h e  l a t e s t  developments i n  t h e  technique o r  instrumen- 
t at i o n ,  

Every e f f o r t  has been d i r e c t e d  towards b u i l d i n g  a r e l i a b l e  

1 



2. SYSTEM DESIGN 

2 .1  DESCRIPTION 

The P i t o t - s t a t i c  Probe experiment i s  launched aboard a two-stage Nike- 

The nose cone serves as t h e  
The p i t o t  

Apache r o c k e t  which i s  capable  of reaching an a l t i t u d e  of approximately 140 km 
using t h e  P i t o t - s t a t i c  conf igu ra t ion  (Fig.  2 ) .  
a c t u a l  meaqurement p m b e  3 s  u c l l  as housing t h e  instrumentat ion.  
o r  impact gage o r i f i c e  i s  l o c a t e d  i n  t h e  3.5-in.  diameter hemisphe r i ca l  nose 
t i p .  Ten equa l ly  spaced ho le s  5/15-in. i n  diameter l o c a t e d  approximately 32 
i n .  behind t h e  t i p  a r e  t h e  i n p u t s  t o  t h e  ambient p re s su re  chamber. 
p r e s s u r e d a t a  ?re gathered Only on t h e  upleg p o r t i o n  of t h e  f l i g h t .  
f l i g h t  p r o f i l e  i s  shown i n  Fig.  3* 

Useful  
A t y p i c a l  

From t h e  s t andpo in t  of u s e f u l  d a t a ,  t h e  ambient p r e s s u r e  measurement be- 
g i n s  almost immediately aft.er Apache burn-out a t  an a l t i t u d e  of 20 km and con- 
t i n u e s  t o  85 km, while t h e  impact measurement starts near  50 km and t e r m i n a t e s  
near  120 km. 

During t h e  measurement pe r iod ,  a number of support  f u n c t i o n s ,  which a r e  
desc r ibed  below, are necessary t o  complete t h e  experiment. 

2 .11 Tracking 

Primary t r a c k i n g  information i s  ob ta ined  by DOVAP,4 a continuous wave- 
t r a c k i n g  system which u t i l i z e s  t h e  doppler  frequency s h i f t  t o  measure r o c k e t  
v e l o c i t y .  The v e l o c i t y  p r o f i l e  may t h e n  b e  i n t e g r a t e d  over t h e  e n t i r e  f l i g h t  
pa th  t o  y i e l d  t h e  t r a j e c t o r y .  

I 

A t y p e  UDT/B DOVAP* transponder  i s  inc luded  as an i n t e g r a l  p a r t  of t h e  
payload, and e i t h e r  a m u l t i s t a t i o n  DOVAP system c o n s i s t i n g  o f  a t r a n s m i t t e r  
and a t  l e a s t  t h r e e  r e c e i v i n g  s t a t i o n s  o r  a S i n g l e  S t k t i o n  (SSD), which u t i l i z e s  
i n t e r f e r o m e t e r  t echn iques ,  may be used wi th  t h e  P i t o t - s t a t i c  Probe experiment. 
A d e t a i l e d  a n a l y s i s  and d e s c r i p t i o n  o f  t h e  systems may b e  found i n  t h e  r e f e r -  
ences and w i l l  not be r epea ted  h e ~ e . ~ , 5 , ~  The SSD system o f f e r s  a p a r t i c u l a r  
advantage t o  the  experiment i n  t h a t  t h e  ground suppor t  equipment i s  s u f f i c i e n t l y  
p o r t a b l e  t o  allow i t s  use a t  remote l o c a t i o n s  t h u s  ma in ta in ing  t h e  f l e x i b i l i t y  
of t h e  experiment with r e s p e c t  t,o p o s s i b l e  l aunch  s i tes .  

2 
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2.12 Aspect 

The r o c k e t  ang le  of a t t a c k  f i g u r e s  prominently i n  t h e  d a t a  r e d u c t i o n  of 

An Adcole D i g i t a l  S o l a r  Aspect System i s  b u i l t  i n t o  t h e  payload. 
t h e  primary probe measurement and i s ,  t h e r e f o r e ,  considered a r e q u i s i t e  of t h e  
experiment. 
The system i s  composed of a model 235 s h i f t  r e g i s t e r  and a model 133B a s p e c t  
sensor  t h a t  a l s o  inc ludes  an e a r t h  t e l e s c o p e  which senses  t h e  presence of 
e a r t h  wi th  a 1" f i e l d  of view ( s e e  Appendix 8.3). 

The sun ang le  i s  determined by sun l igh t  pas s ing  through a s l i t  i n  a q u a r t z  
b lock  which i s  screened by a g rey  coded r e t i c l e  t h a t  a l lows o r  i n h i b i t s  i l l um-  
i n a t i o n  o f  s i x  pho toce l l s .  This information i s  processed i n  t h e  form of "ones" 
o r  "zeros"  corresponding t o  an i l l u m i n a t i o n  o r  noni l luminated c o n d i t i o n  and 
t h e n  s t o r e d  i n  a s h i f t  r e g i s t e r  f o r  t e l eme te r  read-out.  The a n g l e  of i nc idence  
of t h e  sun wi th  r e s p e c t  t o  t h e  v e h i c l e  axis determines which c e l l s  are i l lum- 
i n a t e d ,  and P7 o r  128 unique combinations of "ones" o r  "zeros"  r e p r e s e n t  1" 
r e s o l u t i o n  over a 1-28" f i e l d  of view. 

A ser ia l  read-out o f  t h e  coded information i s  used f o r  t e l eme te r .  The 
presence o f  an e a r t h  c e l l  output  causes a dc s h i f t  i n  t h e  r e c o r d  t h a t  i s  e a s i l y  
d i s t i n q u i s h a b l e .  The accuracy of sun d a t a  can be r ead  t o  +O.25" a t  t r a n s i t i o n .  - 

A s  a supplement t o  e a r t h  c e l l  data, magnetometers are a l s o  used i n  t h e  
a s p e c t  measurement. k g n e t i c  s e n s o r s  mounted i n  t h e  rocke t  determine t h e  ve- 
h i c l e ' s  p o s i t i o n  w i t h  respect t o  the e a r t h ' s  magnetic f i e l d  v e c t o r .  

2.2 DENSATRON SYSTEM 

"he Densatron (F ig .  4), which i s  capab le  of measuring p r e s s u r e s  found i n  
t h e  r e g i o n  between 30 km t o  120 km, i s  t h e  foundat ion from which t h e  P i t o t -  
S t a t i c  Probe experiment evolved. A r a d i o a c t i v e  i o n i z a t i o n  gage (F ig .  6A), 
t h a t  produces c u r r e n t s  i n  p ropor t ion  t o  n e u t r a l  p a r t i c l e  d e n s i t y ,  i s  combined 
wi th  a mul t i r ange  d i f f e r e n t i a l  dc o p e r a t i o n a l  a m p l i f i e r  t o  form t h e  Den- 
s a t r o n  System. A schematic diagram o f  t h e  system i s  shown i n  Fig. 5. A de- 
t a i l e d  d e s c r i p t i o n  of t h e  i o n i z a t i o n  gage can b e  found i n  t h e  r e f e r e n c e s  and 
w i l l  n o t  be r epea ted  h e r e . 2 ~ 7  
may t h e n  b e  i n t e r p r e t e d  i n  terms of p re s su re  when t h e  gas temperature  i s  known. 
Figure 6 B  show a t y p i c a l  gage p res su re -cu r ren t  c h a r a c t e r i s t i c .  

Bas i ca l ly ,  t h e  gage measures gas d e n s i t y  which 

The e l e c t r o n i c  c i r c u i t s  used i n  t h e  Densatron are composed e n t i r e l y  of 
s o l i d - s t a t e  components except f o r  t h e  a m p l i f i e r  i npu t  s t a g e ,  where e l ec t rome te r  
~ r u u e b  are required t o  obtair ,  t h e  high Tnput impedance necessa ry  t o  measure 
low c u r r e n t s .  

L..L - - 

A t h e r m i s t o r  mounted i n  t h e  i o n i z a t i o n  chamber measures t h e  gage w a l l  
t empera tu re  which, it i s  assumed, i s  a l s o  t h e  gas temperature  t h a t  must be known 
f o r  data reduct ion.  A second the rmis to r  measures t h e  t e m p r a t u r e  of t h e  e l e c -  
t r o n i c s  s e c t i o n .  
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F i g .  6 A .  T r i t i u m  source i o n i z a t i o n  gage. 
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Development of t h e  system occurred over a per iod of yea r s  by va r ious  p e p  
sonne l  of t h e  Space Physics Research Laboratory. Further  development of t h e  
system i s  c u r r e n t l y  i n  progress  t o  extend t h e  measurement range, and improve 
t h e  accuracy and response of t h e  instrument .  

A d e s c r i p t i o n  o f  t h e  v a r i o u s  components of t h e  system follows. 

2 .21  Amplifier 

The a m p l i f i e r  block diagram i s  p resen ted  i n  Fig. 7. Using s t anda rd  oper- 
a t i o n a l  a m p l i f i e r  theory, '  an a n a l y s i s  of t h e  a m p l i f i e r  c i r c u i t  r e v e a l s  a n  ou t -  
pu t  v o l t a g e  which is  l i n e a r l y  r e l a t e d  t o  t h e  inpu t  c u r r e n t  according t o  t h e  
r e l a t i o n  

where Rf i s  the  feedback r e s i s t a n c e  of  t h e  a m p l i f i e r  and EB i s  a dc b i a s  v o l t -  
age ( u s u a l l y  about, 6 v )  added t o  t h e  feedback loop. By r e a r r a n g i n g  terms, t h e  
output  c h a r a c t e r i s t i c  t hen  becomes, 

Eout, - igage Rf. 

From t h i s  r e l a t i o n ,  i t  can b e  seen t h a t ,  g iven a cons t an t  EB, t h e  s e n s i t i v i t y  
of t h e  ampl i f i e r  i s  dependant, upon R 

f "  

Since any p a r t i c u l a r  gage p r e s s u r e - c u r r e n t  c h a r a c t e r i s t i c  ( F i g .  6B)  w i l l  
encompass many o r d e r s  o f  magnitude, t h e  r e s o l u t i o n  and accuracy of  t h e  measure- 
ment i s  inc reased  cons ide rab ly  by changing t h e  s e n s i t i v i t y  of t h e  a m p l i f i e r  
i n  d i f f e r e n t  pressure ranges.  This i s  accomplished by having a number of d i f -  
f e r e n t  Hi-megohm r e s i s t o r s  (Rf) a v a i l a b l e ,  and employing a s e l e c t o r  c i r c u i t  
t o  i n s e r t ,  t h e  proper r e s i s t o r  i n t o  t h e  feedback loop. A b i d i r e c t i o n a l  Ledex 
s t epp ing  motor, t h a t  d r i v e s  a s p e c i a l l y  c o n s t r u c t e d  Ledex wafer swi t ch ,  pro-  
v ides  t h e  necessary mechanical c o n f i g u r a t i o n .  The s e l e c t o r  c i r c u i t  s enses  
t h e  a m p l i f i e r  output v o l t a g e  and provides  swi t ch ing  p u l s e s  t o  t h e  Ledex motor 
t h a t  w i l l  e i t h e r  i n c r e a s e  t h e  s e n s i t i v i t y  as t h e  ou tpu t  i n c r e a s e s  beyond 5 v ,  
o r  dec rease  the s e n s i t i v i t y  a s  t h e  output approaches 0 v ,  

Five cu r ren t  r anges ,  each covering approximately one o r d e r  of magnitude 
from amperes a r e  g e n e r a l l y  used i n  t h e  Densa.tron. A v o l t a g e  d i v i d e r  
c i r c u i t  wired t o  a n  a d d i t i o n a l  wafer swi t ch  on t h e  Ledex i n d i c a t e s  t h e  swi t ch  
p o s i t  ion; hence t h e  range of  t h e  a m p l i f i e r .  

10 
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2- 22 Range S e l e c t e r  C i rcu i t  

The range switching c i r c u i t  i s  a form of  v o l t a g e  comparator t h a t  provides  
output  pu l se s  when predetermined v o l t a g e s  a r e  sensed a t  t h e  inpu t .  The ampli-  
f i e r  ou tpu t  i s  coupled t o  t h e  i n p u t s  of t h e  sens ing  c i r c u i t s  through an i s o l a -  
t i o n  r e s i s t a n c e  ( ~ 6  i n  Fig,  8) t h a t  a l lows e x t e r n a l  c o n t r o l  of t h e  switching 
c i r c u i t  i r r e s p e c t i v e  of t h e  a m p l i f i e r  output  l e v e l .  The ope ra t ion  of t h e  c i r -  
cuit can then  b e  t e s t e d  before  f l i g h t ,  Three funct, ions are p o s s i b l e  wi th  t h e  
range c o n t r o l  i n p u t ,  The a m p l i f i e r  may be e i t h e r  up-ranged or down-ranged by 
app ly ing ,  r e s p e c t i v e l y ,  a s i g n a l  above a p o s i t i v e  5 v or a s i g n a l  below 0 v e  
Sometimes, i t  i s  d e s i r a b l e  t o  hold t h e  a m p l i f i e r  i n  a p a r t i c u l a r  range which 
may be done conveniently by applying any low-source impedance v o l t a g e  l y i n g  
between t h e  switching p o i n t s ,  

Switching a c t i o n  i s  c o n t r o l l e d  i n  e i t h e r  d i r e c t i o n  by t h e  sens ing  ampli-  
f i e r s  which commend the  a p p r o p r i a t e  d r i v e  a m p l i f i e r  t o  ope ra t e ,  The d r i v e  
a m p l i f i e r s  a r e  i d e n t i c 5 1  and a r e  a form of monostable f l i p - f l o p  which are 
used t o  "dump" t h e  charge from a L50  MFD c a p a c i t o r  through t h e  Ledex c o i l .  
J%e rap8.ci tor  provides a s c u r r e  of low impedance, high p u l s e  energy needed t o  
switch t h e  Ledex, The p u l s e  width may be a d j u s t e d  t.hrough t h e  monostable f o r  
best  performance and e f f i c i e n c y ,  The input s t a g e  t o  t h e  monostable i s  "gatecl'~ 
o f f  du r ing  capticitcr r echa rge .  so  t h a t  nc switching can occur u n t i l  s u f f i c i e n t  
energy i s  avaiLsbLe i n  + h e  c a p a c i t o r  t o  r e l i a b l y  switch t h e  Ledex, By keeping 
t h e  peak charging c u r r e n t  t o  LOO ma o r  Less, a m a x i m u m  r e p e t i t i o n  r a t e  of one 
swi t ch  eve ry  3 s e c  i s  ob ta ined ,  Under t h e  cond i t ions  s t a t e d ,  t h e  Ledex u s u a l l y  
requires 8 20 msee p u l s e  t h a t  causes  t h e  c a p a c i t o r  t o  d i scha rge  t o  about 10 v ,  

2,23 Power Supply 

The many supply and b i e s  vo l t4ges  r e q u i r e d  t o  o p e r a t e  t h e  Densatron are 
d e r i v e d  from a dc-to-dc conver+or  inc luded  as pa r t  of t h e  instrument .  A s i n -  
g l e ,  1 w power source between 25 and 35 v w i l l  o p e r a t e  t h e  u n i t ,  

The c i r c u i t  ( s e e  F i g .  5 ) -  i s  a s t anda rd  square co re  o s c i l l a t o r  o p e r a t i n g  
at approximately 6 lic, 
D3 and D6 and commutztiqg d i cdes  D2 and D j ,  which clamp t h e  ampli tude of t h e  
square w a v e  a t  a k v e L  determined by t h e  v o l t a g e  d rop  a c r o s s  t h e  diodes and 
t h e  r e g u l L + o r s ,  The i s o l a t i o n  and d r i f t  c h a r a c t e r i s t i c s  are improved i n  t h e  
a m p l i f i e r ,  by using seeondjry r e g u l a t i o n  for t h e  e l e c t r o m e t e r  t u b e  f i l amen t  
supp ly ,  a n 3  also t h e  p o s i t i v e  supply t o  t h e  r e s t  of t h e  a m p l i f i e r .  

Primary r e g u l a t i o n  i s  srcomplished by zener r e g u l a t o r s  

ihe  cper,;i+ i c n < ~ ;  c h 3 r s c t e r i s t i c s  of t h e  experiment a r e  p r i m a r i l y  de f ined  
i n  the i n s t  rumentat i o n  sec t  i o n  AIL of t h e  supplementary c i r c u i t r y  and i n s t  r u -  
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mentation needed t o  mold t h e  payload i n t o  a completely independant measurement 
probe a r e  l o c a t e d  h e r e ,  A block diagram of t h e  systpm i s  shown i n  Fig.  9. 

The payload ope ra t e s  from a nominal 28-v power source a t  approximately 
400 m a  l o a d ,  A l l  i n t e r n a l  i n s t r u m e n t a t i o n i s  c o n t r a l l e d  by Ledex s t epp ing  
switches through t h e  p u l l  away system, while  t h e  Densatron and o t h e r  c r i t i c a l  
c i r c u i t s  a r e  monitored i n  t h e  same manner, A PAM/FM/FM t e l e m e t e r  system p ro -  
v i d e s  real  time data t r ansmiss ion  wi th  0.5 w RF power a t  23l.MHz. I n - f l i g h t  
c a l i b r a t i o n  i s  included f o r  a l l  except d i g i t i z e d  s u b c a r r i e r  channels ,  and an 
e l e c t r o n i c s  t imer  t e s t s  f o r  Densatron a m p l i f i e r  d r i f t  a f t e r  t h e  d a t a  p o r t i o n  
of t h e  f l i g h t ,  The main d a t a  channel  i s  a l s o  connected t o  t h e  DOVAP t e l e m e t e r  
i npu t  t hus  providing a back-up t e l e m e t e r  f o r  t h e  experiment. 

Considerable e f f o r t  was d i r e c t e d  towards t h e  mechanical as w e l l  as e l e c -  
t r i c a l  development o f ' t h i s  s e c t i o n  i n  o r d e r  t o  keep a c l o s e  communication of 
b a s i c  o b j e c t i v e s  and design result,s. The c i r c u i t s  or components a r e  mounted 
on a s e r i e s  of 5-3/8 i n ,  diameter cy l ind r i ca .1  shaped d i s c s  o f  v a r i a b l e  t h i c k -  
ness  t h a t  a r e  placed one on t o p  t h e  o t h e r  forming a column similar t o  Fig. 10 
and Fig. 11, The column i s ,  i n  t u r n ,  f a s t e n e d  t o  t h e  payload us ing  f o u r  No. 
10-32 threaded rods t h a t  pass  through each deck and screw i n t o  a mounting p l a t -  
form, i h r i n g  f i n a l  assembly, nu t s  are p laced  on t h e  th readed  rod  and made t o  
b e a r  a g a i n s t  t h e  t o p  deck caus ing  t h e  e n t i r e  column t o  b e  h e l d  s l i g h t l y  i n  
compression, 

The r e s u l t i n g  s t r u c t u r e  o f f e r s  a h igh  degree of p r o t e c t i o n  from shock 
and v i b r a t i o n  a s  w e l l  as p rov id ing  a c c e s s i b i l i t y  t o  any p a r t  of t h e  system, 
Each i n d i v i d u a l  deck i s  p r e s s u r e  foamed wi th  Ecco-fohm* t o  f u r t h e r  i n s u r e  t h e  
p r o t e c t i o n  of components. A l l  of' t h e  decks are e l e c t r i c a l l y  j o i n e d  t o  t h e  sys -  
tem us ing  Cannon D series connectors .  

This modular des ign ,  s o  desc r ibed ,  r e s u l t s  i n  an extremely v e r s a t i l e  pay- 
l o a d  t h a t  i s  e a s i l y  t e s t e d  and maintained The e l e c t r i c a l  c h a r a c t e r i s t i c s  can 
be convenient ly  modified t c  s a t i s f y  va ry ing  demands of t h e  system. For example, 
t h e  d a t a  c a p a c i t y  o f  t h e  t e l e m e t e r  systern may b e  more t h a n  doubled without  
changing e i t h e r  t h e  physica.1 s i z e  o r  a p p e a r m c e  of  t h e  s e c t i o n .  

The i n d i v i d u a l  decks found i n  t h e  in s t rumen ta t ion  s e c t i o n  are d e s c r i b e d  
i n  more d e t a i l  below, a.nd t h e  column deck 6.rrmgements a r e  shown i n  Fig.  12* 

203,1 Control  Deck 

Two Ledex progrsmmers, mounted i n  t h e  c c n ? r o l  deck Fig. 14,  are remotely 
c o n t r o l l e d  through t h e  umbilicti l  pull-away system t o  e n e r g i z e  i n t e r n a l  i n s t r u -  
mentation and s e l e c t  t h e  proper  f l inct icns  t o  be monitored. The e n e r g i z i n g  

I-----~__I___ 
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Fig. 11. Instrumentat ion w i t h  magnetometers-side view. 
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Ledex, commonly r e f e r r e d  t o  as t h e  t e l eme te r  Ledex, u ses  a s p e c i a l l y  designed 
s i x - p o s i t i o n  wafer swi t ch  t o  s e q u e n t i a l l y  t u r n  on t h e  payload wi th  p rov i s ions  
f o r  e x t e r n a l  power o p e r a t i o n  and b a t t e r y  charging. 

The remaining Ledex, r e f e r r e d  t o  as t h e  gage Ledex, uses  two s t anda rd  
th ree -po le ,  f o u r - p o s i t i o n  wafer switches t o  s e l e c t  l e a d s  from any one Densatron 
for ground monitor ing through t h e  p u l l  away system. 
each Ledex i s  used t o  disconnect  a l l  payload v o l t a g e s  from t h e  umbi l i ca l  dur- 
i n g  f l i g h t .  

A s e p a r a t e  p o s i t i o n  on 

The f u n c t i o n a l  a s p e c t s  of t h e  c o n t r o l  c i r c u i t r y  i s  b e t t e r  understood from 
t h e  b lock  diagrams of Fig.  1 3 A  and Fig. l3B, a l s o  Tables I and 11. 

Each Ledex has a s i n g l e  c o n t r o l  l ead  f o r  swi t ch ing  t h e  Ledex and a l s o  
determining switch p o s i t i o n .  Blocking doides  (DT and D2 i n  Fig. 13A) a r e  so  
a r r anged  t h a t  a n e g a t i v e  v o l t a g e  pu l se  w i l l  a c t u a t e  t h e  Ledex motor, while  a 
p o s i t i v e  cons t an t  c u r r e n t  source passing through a r e s i s t o r  network on a wafer 
switch,  y i e l d s  a v o l t a g e  which t h e n  de f ines  t h e  swi t ch  p o s i t i o n .  For example, 
i n  p o s i t i o n  one of t h e  gage Ledex, t he  2 m a  c u r r e n t  source passes  through 
f o u r  LK r e s i s t o r s  i n  series t o  ground, t h u s  caus ing  a v o l t a g e  d rop  of 8 v. 
In p o s i t i o n  two, on ly  t h r e e  r e s i s t o r s  are i n  series which t h e n  i n d i c a t e s  6 v. 

I 

TABLE I 

GAGE LEDEX PROGRAM FORMAT 

Switch Switch P o s i t i o n  
P o s i t  i on  ' Monitor Voltage Des i g n a t  i on Func t. i on 

1 Gage 1 Control and monitor 
r a m  gage 

2 Gage 2 Cont8rol and monitor 
ambient gage 

3 Gage 3 Control and monitor 
wind gage ( i f  used) 

8 

6 

4 

4 F ly  Removes a l l  i n t e r n a l  2 
vo l t ages  from p u l l  
awa.y. Measures t r a n s -  
m i t t e r  mounting p l a t e  
t emperature 
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TABLE I1 

T m m T E R  LEDEX PROGRAM FORMAT 

Po s it ion  
Switch Monitor Mon i t or Designation Func t i on 

Voltage Po s it ion  

2 

1 O f f  

Gage e x t e r n a l  

3 

4 

5 

A l l  ex t  erna.1 

A l l  i n t e r n a l  

6 Charge 

A l l  c i r c u i t s  d i s -  
connected from p u l l  
away 

Applies  e x t e r n a l  
power t o  a l l  gages,  
c a l i b r a t i o n  r e g u l a r ,  
and calibratixon t imer .  

Applies e x t e r n a l  
power t o  a l l  remain- 
i n g  c i r c u i t s .  

A l l  c i r c u i t s  switched 
t o  i n t e r n a l  b a t t e r y  
power 

A l l  v o l t a g e s  removed 
from p u l l  away. A l l  
c i r c u i t s  ene rg ized  
from b a t t e r y ,  

Connects b a t t e r y  t o  
p u l l  away f o r  charg- 
i n g ,  

12 

Ex te rna l  10 
v o l t a g e  a t  
payload 

E x t e r n a l  
v o l t a g e  a t  
pay l o  ad 

B a t t e r y  
v o l t a g e  

Bat .  t e r y  
v o l t a g e  

8 

2 

Addit ional  space i n  t h e  c o n t r o l  deck i s  used for t h e  c a l i b r a t i o n  t i m e r  
and t h e  c a l i b r a t e  vo l t age  r e g u l a t o r ,  A t e s t  p o i n t  j a c k  for t h e  5-v c a l i b r a -  
t i o n  v o l t a g e  and i t s  adjustment pot i s  e a s i  Ly a c c e s s i b l e  a t  t h e  s o - c a l l e d  
" r e a r "  of t h e  deck, 

The c o n t r o l  deck f u r t h e r  serves 3 5  a c e n t e r  f o r  a l l  i n t e g r a t i o n  wi r ing ,  
The Densatrons connect d i r e c t l y  t o  t h e  c o n t r o l  deck v i a  a 37-pin cannon con- 
n e c t o r  at "rear"  of t h e  deck The f ron t  s ide  c o n t a i n s  ano the r  37-pin plug 
which connects t o  t h e  main  t e l e m e t e r  s e c t i o n  w i r i n g  h a r n e s s ,  and a l 5 - p i n  
plug which goes d i r e c t l y  t o  t h e  umbi l i ca l  p l u g ,  

22 



The p u l l  away system c a b l e  assignments a r e  l i s t e d  i n  Table 111 below, 

TABLE I11 

PULL AWAY SYSTEM CABLE ASSIGNMENTS 

Connector Connector 

Number Numb e r 
Pin Function Pin Function 

1 S i g n a l  ground 7 Densatron range c o n t r o l  

2 Power ground 8 C a l i b r a t e  t imer  c o n t r o l  

3 Teleme-ter Ledex 
c o n t r o l  and range 

Ex te rna l  power inpu t  9 

L Gage Ledex c o n t r o l  10 Power v o l t a g e  monitor 
and range 

5 Densatron out put 
monitor 

11 Amplif ier  tempera.ture 
monitor 

4 Densatron range 12  Gage temperature  monitor 
monitor 

2,32 B a t t e r y  Supply Module 

A l l  o f  t h e  in s t rumen ta t ion  i n  the  experiment i s  powered by a s i n g l e  b a t -  

The pack c o n s i s t s  o f  19 Yardney H R - 1  S i l v e r c e l s  connected i n  s e r i e s  t o  
t e r y  pack s p e c i f i c a l l y  designed t o  f i t  i n  t h e  base  of t h e  in s t rumen ta t ion  sec -  
t i o n ,  
y i e l d  a nominal supply vo l t age  of' 28,5 v, The module w i l l  supply a 1 amp load  
f o r  g r e a t e r  t han  I hr and can be recharged a t  a 100-ma r a t e ,  

The c e l l s  a r e  arranged on a 5-318 i n ,  diame%er deck, 3-3/8-in.  h i &  w i t 3  a 
2 = 5 / 8 - i n ,  diameter ho le  i n  t h e  cen te r ,  
c e n t e r  ho le  du r ing  assembly, ) 

(The t r a n s m i t t e r  i s  f i t t e d  i n t o  t h e  

Construct ion of t h e  pack i s  s t a r t e d  by p k c i n g  v e n t i l a t i o n  por t s ,  made 
of h ~ z T  sh r inkab le  tEk izg  Over t h e  veri+ caps  i n  t h e  c e l l s ,  The c e l l s  a r e  t,hen 
z r r m g e d  on an aluminum deck, placed i n  a mold, and sco tchcas t*  i n  a tubular 

-w Minnesota. Mining & Manufact w i n g  Co, 



shape t o  a height  j u s t  above t h e  c e l l  t e rmina l s .  A cannon plug b racke t  i s  t h e n  
bonded t o  one of the  forward deck supports .  Af t e r  w i r ing  t h e  b a t t e r y  l e a d s  
t o  a cannon DEN-% connector (F ig .  16) t h e  whole assembly i s  r e t u r n e d  t o  t h e  
mold where it i s  Ecco-foamed t o  i t s  f i n a l  conf igu ra t ion  shown i n  Fig.  15. 

2.33 S h i f t  Regis ter  

The Adcole s h i f t  r e g i s t e r  "cond i t ions , "  d a t a  r ece ived  from t h e  s o l a r  as- 
pect  eye. 
i n  s e r i a l  form by t h e  s h i f t  r e g i s t e r .  

Information r ece ived  i n  p a r a l l e l  form i s  " s t o r e d ,  " and "read-out" 

Whenever used (on a l l  d a y l i g h t  f i r i n g s )  t h e  s h i f t  r e g i s t e r  i s  l o c a t e d  a t  
t h e  t o p  end of t h e  in s t rumen ta t ion  column as shown i n  Fig. 10. The u n i t  i s  
f i r s t  mounted on a 1/8- in .  t h i c k  aluminum deck which then  se rves  as t h e  t o p  
p l a t e  o f  t h e  column. 

2.34 Magnetometer Deck 

The magnetometer deck assembly, p i c t u r e d  i n  Fig. l7A, uses  two Schoenstedt  
Engineering Model RAM-5C magnetometers. The senso r s  a r e  mounted, one a long  t h e  
rocket  axis, t h e  o t h e r  pe rpend icu la r  t o  t h e  f irst  i n  a h o r i z o n t a l  plane.  The 
deck i s  cons t ruc t ed  completely wi th  t h e  nonmagnetic material as are o t h e r  s u r -  
rounding s t r u c t u r e s  t o  guard a g a i n s t  f i e l d  d i s t o r t i o n  and magnetic a t t e n u a t i o n .  

E l e c t r o n i c a l l y ,  t h e  u n i t s  ope ra t e  from a nominal 28 v source a t  11 m a  
c u r r e n t ,  a r e  i n t e r n a l l y  r e g u l a t e d ,  and provide an ou tpu t  l i n e a r l y  r e l a t e d  t o  
t h e  magnitude o f  t h e  magnetic i npu t  according t o  t h e  fo l lowing  r e l a t i o n :  

E = 2.40 + .004 H cos 0 

where E i s  t h e  ou tpu t  i n  v o l t s ,  H i s  t h e  magnetic f i e l c l  i n  m i l l i o e r s t e d s ,  and 
i s  t h e  angle  between t h e  magnetic f i e l d  v e c t o r ,  and t h e  senso r  p o s i t i v e  mug- 

n e t i c  a x i s .  The measurement range i s  +Goo n i i l l i o e r s t e d s  r e s u l t i n g  i n  a normal 
output  swing from 0 t o  4 .8  v which i s  compatible w i t h  t e l e m e t e r  r equ i r emen t s .  
Typical  c a l i b r a t i o n  d a t a  f o r  t h i s  magnetometer t ype  a r e  founcl i n  t h e  Appendix. 
The deck wiring i s  shown i n  F i g ,  18. 

The deck is  used f o r  a l l  n igh t t ime  l aunch ings ,  and i s  p h y s i c a l l y  l o c a t e d  
a t  t h e  t o p  of t he  in s t rumen ta t ion  column i n  p l a c e  of t h e  s h i f t  r e g i s t e r  
(Fig.  11). 

For daytime launchings,  a s i n g l e  a x i s  magnetometer i s  mounted d i r e c t l y  
on t h e  s h i f t  r e g i s t e r  as shown i n  Fig.  1'7B. 
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Fig. 15. Ba t t e ry  module-front view. 
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Fig. 17A. Magnetometer deck-front view. 
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2.35 S p e c i a l  C i r c u i t s  

Other c i r c u i t r y ,  a s s o c i a t e d  wi th  t h e  in s t rumen ta t ion  s e c t i o n ,  were devel-  
oped t o  s a t i s f y  s p e c i f i c  requirements of t h e  experiment. 
t h e s e  c i r c u i t s  a r e  d i scussed  below. 

The ope ra t ion  Of 

2 , 3 5 1  Thermistor Supply 

The temperature  measurements needed i n  t h e  experiment were g r e a t l y  simpl- 
i f i e d  by t h e  a v a i l a b i l i t y  of t h e r m i s t o r s  w i th  1% r e s i s t ance / t empera tu re  cha r -  
a c t e r i s t i c s .  Thermistors have a l a r g e  enough r e s i s t a n c e  change with tempera- 
t u r e ,  t h a t  a v o l t a g e  d i v i d e r  c i r c u i t  w i th  t h e  t h e r m i s t o r  i n  one l e g ,  o f f e r s  
s u f f i c i e n t  s i g n a l  cond i t ion ing  f o r  t e l eme te r .  

The vol tage/ temperature  curve of Fig. 19 r e s u l t s  from t h e  c i r c u i t  of 
Fig.  20. 

Most o f  t h e  temperature  measurements performed i n  t h e  payload a r e  f o r  
near ambient c o n d i t i o n s ,  t h e r e f o r e  a YSI-type h4008 t h e r m i s t o r  i s  used most 
o f t e n  which o f f e r s  adequate r e s o l u t i o n  up t o  60°c. Higher t empera tu res ,  up 
t o  150°C, a r e  measured us ing  t h e  same b a s i c  c i r c u i t  and a t h e r m i s t o r  probe 
s e l e c t e d  t o  f i t  t h e  d e s i r e d  temperature  range. Most of  t h e  nose cone h e a t -  
i n g  measurements graphed i n  t h e  Appendix were performed i n  t h i s  manner. The 
a p p r o p r i a t e  t he rmis to r  probe r e q u i r e d  f o r  c e r t a i n  temperature  ranges are 
l i s t e d  i n  t h e  t a b l e  below. 

Minimum Nominal 
1 3 1 "  % a t  25°C Temperature S e n s i t i v i t y ,  

mv/"C P a r t  No. Range, " C  

44008 30K 10- 60 50 
44011 l O O K  45-90 42 
44014 3OOK 60-120 35 
44015 1 meg 135 - 150 30 

"Yellow Spr ings  Instrument  

The m a x i m u m  temperature  e r r o r  expected due t o  t h e  t h e r m i s t o r  a long  i s  l e s s  
t han  0.3"C within t h e  nominal temperature  r anges  s p e c i f i e d .  Telemeter may i n  
t h e  worst ca se  add ano the r  0.5"C e r r o r  t hus  making a s t e a d y  s t a t e  RMS tempera- 
t u r e  e r r o r  o f  about 0.7"C,  

2" 352 Cal ib ra t ion  Regulator - -____ 

Cal ib ra t ion  v o l t a g e s  f o r  t elenieter a r e  d e r i v e d  from t h e  v o l t a g e  r e g u l a t o r  
c i r c u i t  of Fig. 21. This c i r c u i t  i s  tenlperature  compensated t o  w i t h i n  0.05% 
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from -20°C t o  +6ooc, 
pected load  changes e f f e c t  t h e  output  less t h a n  0.01%. 
p o i n t s  a r e  obtained wi th  a v o l t a g e  d i v i d e r  u s ing  1-v s t e p s .  Overa l l  accuracy 
of t h e s e  vo l t ages  a r e  w i t h i n  - "3 mv under a l l  cond i t ions  of l oad ,  temperature ,  
and inpu t  supply v a r i a t i o n s .  

Supply v o l t a g e  r e g u l a t i o n  i s  b e t t e r  t han  0.01% and ex- 
Five c a l i b r a t i o n  

This c i r c u i t  a l s o  provides an  8-v source f o r  t h e  t h e r m i s t o r  c i r c u i t s ,  

The design of t h e  c i r c u i t  fol lows s t anda rd  p a t t e r n s  except f o r  t h e  tempera- 
The base  of Q t u r e  compensation method employed, 

t o  t h e  r e fe rence  element D3 L p lus  t h e  !IBE of Q3" 
i n g  of R 4 ,  t h e  ou tpu t  l e v e l  a d j u s t  and t h e  temperature  compensation network, 
t h e n  determines t h e  output  v o l t a g e  Q1 i s  t h e  c o n t r o l  element,  which drops 
t h e  supply vo l t age  t o  t h e  r e q u i r e d  output  while  % i s  added t o  provide more 
loop  g a i n  t o  t h e  amplifier,  needed t o  o b t a i n  high s t a b i l i t y .  
r e g u l a t o r  f o r  t h e  a m p l i f i e r ,  which compensates f o r  l a r g e  input  v o l t a g e  swings. 

i s  h e l d  a t  a v o l t a g e  equa l  
The v o l t a g e  d i v i d e r ,  c o n s i s t -  
3 

Dl i s  a p r e -  

While i t  i s  t r u e  t h a t  t h e  c i r c u i t ,  can be made temperature  s t a b l e  by b i a s -  
i n g  t h e  r e fe rence  a m p l i f i e r  (Q3 and D2) p r o p e r l y  f o r  zero d r i f t ,  t h e  c h a r a c t e r -  
i s t i c  may change cons ide rab ly  wi th  c i r c u i t  component changes because t h e  p o i n t  
of zero d r i f t  i s  h igh ly  dependent upon maintaining p r e c i s e  b i a s  c o n d i t i o n s ,  
For t h i s  r eason ,  t h e  r e f e r e n c e  a m p l i f i e r  i s  hea.vily b i a s e d  s o  t h a t  changes i n  
o t h e r  components o r  cond i t ions  w i l l  not a l t e r  t h e  b i a s  c o n d i t i o n s  a p p r e c i a b l y ,  
which could lead t o  a change i n  t h e  temperature  c h a r a c t e r i s t i c s .  

The compensation nettwork i s  e a s i l y  determined by s u b s t i t u t i n g  a decade 
r e s i s t a n c e  box i n  p l ace  of compensation network and f i n d i n g  a curve of res is t -  
ances v e r s u s  temperat.ure needed t o  keep t h e  output  c o n s t a n t .  A curve ob- 
t a i n e d  i n  t h i s  manner i s  shown i n  Fig. 22" The d e r i v a t i v e  of t h i s  curve t aken  
a t  two or t h r e e  p o i n t s  w i l l  y i e l d  a t o t a l  r e s i s t a n c e  change o r  AR r e q u i r e d  f o r  
compensation, 
t h i s  d a t a  with t h e  computed AR f o r  v a r i o u s  r e s i s t o r - s e n s i t o r  combinations. 
The chosen network can t h e n  be i n s e r t e d  i n t o  t h e  c i r c u i t  and t h e  curve o f  t e m -  
p e r a t u r e  versus  output ob ta ined ,  The s t e p  may b e  r e p e a t e d  i f  b e t t e r  compensa- 
t i o n  i s  desired;  however, o t h e r  f a c t o r s  L i m i t  t h e  degree of compensation pos- 
s i b l e  with t h i s  method, .%e temperature  response of a t y p i c a l  r e g u l a t o r  i s  
shown i n  Fig,  23" An important advantage t o  t h i s  method i s  t h a t  t h e  shape of 
t h e  curve remains e s s e n t a i l l y  t h e  same over l a r g e  p e r i o d s  of t ime.  

The cornpensation network can t h u s  b e  s e l e c t e d  by comparison of 

2,353 C a l i b r a t e  T i m e r  --- -- 

The Densatron ampLifiers a r e  c a l i b r a t e d  p e r i o d i c a l l y  b e f o r e  and d u r i n g  
f l i g h t  p r imar i ly  as a p recau t ion  a g a i n s t  unforeseen o r  u n n a t u r a l  a m p l i f i e r  
behav io r ,  The a m p l i f i e r s  have ve ry  s t a b l e  d r i f t  c h a r a c t e r i s t i c s  and normally 
r e q u i r e  on ly  a small c o r r e c t i o n  factor .  f o r  d a t a  r educ t ion  o r  none a t  a l l .  

A free running u n i j u n c t i o n  t r a n s i s t o r ,  r e l a x a t i o n  o s c i l l a t o r  (F ig .  24) 
The p u l s e d  o s c i l l a t o r  ou tpu t  t r i g g e r s  performs t h e  b a s i c  t iming  func? ion  
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a t . r a n s i s t o r  switch (Q2) t h a t  i n  t.urn drives a 112 w r e l a y  which then  a c t i -  
v a t e s  t h e  c a l i b r a t i o n  c i r c u i t s  i n  each Densatron. 

Under normal o p e r a t i o n ,  t h e  of f - t ime i s  a d j u s t e d  f o r  200 sec .  An e x t e r n a l  
c o n t r o l  lead can r e s e t  o r  s t a r t  t h e  t iming  func t ion  which i n  e f f e c t  s e t s  t h e  
f i r s t  c a l i b r a t e  t ime a f t e r  launch,  t h u s  i n s u r i n g  u n i n t e r r u p t e d  d a t a  recovery.  
The on-time i s  made as s h o r t  as i s  necessary ,  u s u a l l y  about  0.5  sec .  

The off- t ime i s  c o n t r o l l e d  p r i m a r i l y  by  t h e  charg ing  of C1 through R3 and 
by t h e  i n t r i n s i c  s tand-of f  r a t i o  (7) o f  t h e  uni junc t ion .  
v o l t a g e  ( v C )  on ~1 i s :  

The in s t an taneous  

( 1-E -+) 
vc = vs 

when t h e  e f f ec t s  of R 4 ,  R 5 ,  and R6 are  ignored.  The un i junc t ion  w i l l  f i r e  a t  
i t s  peak p o i n t  v o l t a g e  ( V  ) which i s  approximately 

P 

v = ?Vs (2) 
P 

where 7 i s  t h e  i n t r i n s i c  s t and-o f f  r a t i o  and Vs i s  supply  v o l t a g e  a c r o s s  D L  
The t ime requi red  t o  ach ieve  t h i s  l e v e l  i s  found by s u b s t i t u t i n g  Eq.  
Eq .  ( 2 )  which then y i e l d s :  

(1) i n t o  

which can a l s o  b e  w r i t t e n  
1 I - -t 

R3C1 
(1- r l )  = E 

t hen  soLving for t ,  t h e  o f f - t i m e :  

The va lue  o f  Pn (1/1 - 7) w i l l  usually Lie between 0. 
time cons tan t  % must n e a r l y  equa l  t h e  t irrie r e q u i r e d .  
q u i t e  o f t en  liinits t h e  va lue  o f  13’1 t o  1 me[; o r  Less :TO thri t  c : ipaci tence r equ i r ed  
must b e  200 P I P  o r  l a r g e r  t o  obtain tJhe d e s i r e d  o f f  time. 

wid 1.11 which riieari~ t h e  
The peak p o i n t  c u r r e n t  

I t  should be noted he re  t h a t  on ly  hi[;h-qunlit ,y,  low- le :xkqe  c a p x i t o r r  
can be used t o  ob ta in  long o f f  t irne:;. 



The on-time i s  c o n t r o l l e d  by t h e  discharge c i r c u i t  of C1 which inc ludes  
R4 and R5 and t h e  un i junc t ion  c h a r a c t e r i s t i c s .  
t ime which, i n  p r a c t i c e ,  u s u a l l y  cannot b e  made longer  than  0.7 sec  due t o  
o t h e r  f a c t o r s  involved. 

R 4  may be used t o  a d j u s t  t h i s  

The t r a n s i s t o r  switch i s  h e l d  i n  cu t -o f f ,  du r ing  t h e  o f f - t ime  wi th  a diode,  
D2, t h a t  keeps a s l i g h t  r e v e r s e  b i a s  on t h e  base  of Q2. 
a c u r r e n t  pa th  f o r  t h e  r e l a y  c u r r e n t  when t h e  t r a n s i s t o r  i s  tu rned  o f f  t h u s  
avoiding high-vol tage t r a n s i e n t s .  

The diode D3 provides  

By prop'zr s e l e c t i o n  of R5 and R6 t he  o f f - t ime  can be made s t a b l e  w i t h i n  
+2% over t h e  temperature  range o f  -20°C t o  +8O"C. 
s i d e r a b l y  more by temperature  changes than t h e  o f f - t ime  b u t  i s  less  c r i t i c a l  
i n  t h i s  a p p l i c a t i o n .  

The on-time w i l l  va ry  con- - 

2.354 P e d e s t a i  I n v e r t e r  Supply 

S ince  t h e r e  a r e  no nega t ive  vol tages  a v a i l a b l e  i n  t h e  in s t rumen ta t ion  
s e c t i o n ,  t h e  i n v e r t e r  c i r c u i t  shown i n  Fig.  25 i s  used t o  provide t h e  nega- 
t i v e  pedestal  v o l t a g e  needed i n  t h e  IRIG commutator format. 
t h e  c i r c u i t  i s  r ep resen ted  i n  t h r e e  p a r t s :  t h e  f i r s t  p a r t  i s  a Shockley diode 
r e l a x a t i o n  o s c i l l a t o r  composed of R1, D1, C1, and R2; t h e  second p a r t  i s  a v o l t -  
age doubler  c i r c u i t  with IY2, D3, C2, and C3; while  t h e  t h i r d  p a r t  i s  a v o l t a g e  reg-  
ulator composed of D4. Component s e l e c t i o n  i s  r e l a t i v e l y  u n c r i t i c a l  except 
i n  t h e  o s c i l l a t o r  s e c t i o n  where t h e  c i r c u i t  could "lock-up" due t o  t h e  use of 
wrong combinations of components. It is b e s t  t o  use a high holding-current  
Shockley i n  t h i s  a p p l i c a t i o n  s o  t h a t  the s e l e c t i o n  of o the r  components are  less  
c r i t i c a l .  

For s i m p l i c i t y ,  

The o s c i l l a t o r  frequency l i e s  between 300 and 400 cps. Typ ica l  c i r c u i t  
performance curves a r e  p re sen ted  i n  Fig. 26 and Fig.  27. 

2.4 TELEMETER SYSTEM 

Telemeter system des ign  i s  t h e  s e l e c t i o n  of many i n t e r r e l a t e d  parameters 
i n  a manner devised s o l e l y  t o  s a t i s f y  t h e  demands or needs of a p a r t i c u l a r  ex- 
periment o r  measurement. 
make -up. 

Each system i s  t h e r e f o r e  unique i n  c h a r a c t e r  and 

P i t o t - s t a t i c  Probe t e l e m e t r y  a r e  t a i l o r e d  t o  meet t h e  experiment 's  r e q u i r e -  
ments, w i t h i n  t h e  scope of primary payload o b j e c t i v e s ,  while a t  t h e  same t ime 
ma in ta in ing  c o m p a t i b i l i t y  with e x i s t i n g  t e l e m e t r y  equipment. 

For t h e  most p a r t ,  I R I G  s tandards a r e  used throughout t h e  design except 
where mod i f i ca t ions  are more d e s i r a b l e  and d a t a  q u a l i t y  a r e  not e f f e c t e d .  Flex- 
i b i l i t y  i s  maintained wherever 
t h e  most u s e f u l  information-both engineer ing and s c i e n t i f i c .  System compon- 

poss ib l e ,  s o  t h a t  each payload may be used t o  ga the r  
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e n t s  are modularized i n  a manner similar t o  o the r  i n s t rumen ta t ion  components 
t o  s i m p l i f y  payload check-out and t e s t i n g .  

Incoming d a t a  t o  t h e  t e l e m e t e r  i s  nominally i n  t h e  form of a v a r i a b l e  dc 
Slowly changing s i g n a l s ,  such as eng inee r ing  v o l t a g e  o f  0 t o  +5 v magnitude. 

d a t a ,  a r e  multiplexed by a mechanically d r iven  commutator r e s u l t i n g  i n  a PAM 
p u l s e  t r a i n  t h a t  i s ,  i n  t u r n ,  FM modulated i n  a SCO ( S u b c a r r i e r  O s c i l l a t o r ) .  
The SCO ou tpu t s  are p a r a l l e l e d  forming a complex s i g n a l  t h a t  i s  t h e n  passed 
through a mixer a m p l i f i e r  t o  t h e  t r a n s m i t t e r  where frequency modulation i s  
aga in  performed. 
modulation condi t ioning processes  p r i o r  t o  RF t r ansmiss ion .  

The expres s ion  PAM/FM/FM i s  t h u s  de f ined  by t h e  d a t a  

A f l o a t i n g  power ground system i s  used i n  union wi th  a s e p a r a t e  s i g n a l  
ground common t o  t h e  c h a s s i s ,  t h u s  reducing d a t a  deg rada t ion  due t o  ground 
loops and c r o s s - t a l k  noise .  

Other major cons ide ra t ions  i n  t h e  des ign ,  covered i n  more d e t a i l  below, 
i n c l u d e :  The RF l i n k ;  d a t a  modulation processes  and formats;  and t h e  system 
components used t o  accomplish t h e  f i r s t  two. 

2.41 RF Link 

The design of t h e  t r a n s m i t t i n g  system f o r  t h e  experiment i s  r e s t r i c t e d  
t o  a l a r g e  e x t e n t  by t h e  s i z e  o f  t h e  v e h i c l e  and by t h e  a v a i l a b l e  power source.  
The weight of a t r a n s m i t t e r  i n c l u d i n g  power source varies i n  d i r e c t  propor- 
t i o n  t o  t h e  RF power ou tpu t ,  which means a 3 db RF power i n c r e a s e  w i l l  double 
t h e  w e  i gh t r e qu i r e d. 

Added weight t o  t h e  payload w i l l  d e t r a c t  from t h e  v e h i c l e ’ s  a l t i t u d e  
c a p a b i l i t y ,  which i n  t h e  case  of t h e  P i t o t - s t a t i c  Probe c o n f i g u r a t i o n  amounts 
t o  a loss of  approximately 1 km/lb. The t r a n s m i t t e r  must b e  capab le ,  however, 
of g e n e r a t i n g  s u f f i c i e n t  r a d i o  frequency power t o  a l low r e l i a b l e  ground recep-  
t i o n  of t h e  data.  With t h e s e  f a c t s  i n  mind, t h e  minimum RF power requirements 
f o r  t h e  experiment are examined i n  d e t a i l  below. 

The design o f  t h e  RF l i n k  f o r  t h e  experiment i s  dependent upon many nebu- 
l o u s  f a c t o r s ,  some u n c o n t r o l l a b l e ,  t h a t  add t o  t h e  complexity of t h e  problem. 
An example being t h a t  ground s t a t i o n  parameters  are no t  u s u a l l y  known s i n c e  
t h e  experiment w i l l  b e  launched i n  a v a r i e t y  of l o c a t i o n s  us ing  e x i s t i n g  
f a c i l i t i e s .  

A p r a c t i c a l  or beginning approach t o  t h e  problem i s  t o  assume a l l  “worst  
c a s e ”  cond i t ions  t h a t  w i l l  t a k e  i n t o  account t h e  unknowns and t h e n  inc lude  a 
r easonab le  margin of s a f e t y  i n  t h e  design.  

I 

The f i r s t  s t e p  i n  t h e  a n a l y s i s  i s  t o  e s t a b l i s h  a r e l a t i o n  between t h e  t r a n s -  
m i t t e d  power and  t h e  s i g n a l  power needed a t  t h e  r e c e i v e r .  This  can be done 
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somewhat i n t u i t i v e l y  by summing a l l  of t h e  f a c t o r s  t h a t  i n f l u e n c e  t h e  s i g n a l .  
It i s  convenient t o  t h i n k  of t h e  r a d i a t i o n  as occur r ing  between i s o t r o p i c  an- 
t e n n a s ,  and r e fe renc ing  a l l  terms i n  dec ibe l s  (db)  i n  o rde r  t o  s i m p l i f y  ca.lcula- 
t i o n s ,  
t r a n s m i t t e r  t o  r e c e i v e r :  

The following r e l a t i o n  i s  e s t a b l i s h e d  by t r a c i n g  t h e  s i g n a l  r o u t e  from 

P + G T + T  + GB = S/Ndb + Nt T 

P i s  t r a n s m i t t e d  power r equ i r ed ;  

GT i s  t h e  t r a n s m i t t i n g  antenna ga in  over an i s o t r o p i c  r e fe rence ;  

T 

T where : 

equa l s  t h e  f ree  space t ransmission l o s s ;  L 

G refers t o  r e c e i v i n g  antenna g a i n  over an i s o t r o p i c  r e fe rence ;  R 

S/Ndb i s  t h e  s i g n a l  t o  n o i s e  r a t i o  d e s i r e d  a t  inpu t  t o  t h e  r e c e i v e r ;  
and 

Nt i s  t h e  t o t a l  n o i s e  power r e f e r r e d  t ,o r e c e i v e r  i n p u t ,  

The t r ansmiss ion  l o s s  i s  determined us ing  t h e  formula f o r  f r e e  spa.ce 
t r a n s m i s s i o n ,  9J10 which i s  w r i t t e n :  

(7) Pr/Pt = ArAt/d 2 2  h 

where P 
% are, r e s p e c t i v e l y ,  t h e  e f f e c t i v e  a reas  of t h e  r e c e i v e r  and t r a n s m i t t e r  an- 

and h i s  t h e  r a d i o  wave l e n g t h ,  

and Pt are,  r e s p e c t i v e l y ,  t h e  r ece ived  and t r a n s m i t t e d  powers; A and 
r r 

t e n n a s ,  which f o r  an i s o t r o p i c  antenna i s  2 / 4 ~ ;  d i s  t h e  l e n g t h  of t r ansmiss ion  

The r e l a t i o n  may b e  r e w r i t t e n  f o r  i s o t r o p i c  antennas as :  

which a f te r  conversion t o  d e c i b e l  form i s  wr i t t en :  

- (9) 1 = 10 l o g  P /Pt = 20 l o g  h -20 l o g  4fi -20 log d 
10 I- 10 10 10 loss 

Assuming a t r ansmiss ion  d i s t a n c e  o f  l5O miles  ( 2 4 1  km) a t  a frequency of 2 j l . L  mc 
( A  = 1.3 m , )  t h e  f ree  space a t t e n u a t i o n  i s  approximately -130 db. 
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The noise  power p r e s e n t  a t  t h e  inpu t  of a r e c e i v e r  i s  e s s e n t i a l l y  Johnson 
n o i s e  and i s  found by t h e  r e l a t i o n :  

N = KTB (10) 

where N i s  t h e  n o i s e  power i n  watts;  

k i s  Boltzmanss cons t an t ;  

T i s  t h e  n o i s e  temperature ,  OK; and 

B i s  t h e  r e c e i v e r  bandwidth, cps,  

The t o t a l  system n o i s e  must i nc lude  t h e  e f f e c t  of n o i s e  generated i n  t h e  
r e c e i v e r  i t s e l f , ' t h e  amount of which i s  a f u n c t i o n  of t h e  r e c e i v e r s  "noise  
f i g u r e .  I' 

The noise  f i g u r e  i s  de f ined  as t h e  S/N r a t i o  a t  t h e  i n p u t  of t h e  r e c e f v e r ,  
d iv ided  by t h e  SYN r a t i o  a t  t h e  ou tpu t  and expressed i n  d e c i b e l s .  
syst.em n o i s e  r e f e r r e d  t o  t h e  inpu t  of t h e  r e c e i v e r  i s  t h e n :  

The t o t a l  

which i s  approximately N t  =147 dbw + NF a t  a temperature  of 25°C us ing  a 
r e c e i v e r  bandwidth of 5OOkc. 

Referr ing now t o  Eq., (6), and using t h e  fo l lowing  assumptions: 

Input  power t o  r e c e i v e r  : 
Receiver n o i s e  f i g u r e :  
Transmit ter  Antenna Gain: 
Receiver Antenna Gain: 

S/Ndb = 3 db 
NF = 10 db (5.db i s  r easonab le )  
GT = 0 db ( i s o t r o p i c )  
GR = 8 db ( u s i n g  s i x  t u r n  h e l i c a l s ) .  

The r e q u i r e d  t r a n s m i t t e r  power i s  c a l c u l a t e d  as Pt = -12 dbw or 60 mw. 

This f i g u r e  then  r e p r e s e n t s  t h e  minimum RF power r e q u i r e d  f o r  r e l i a b l e  
d a t a  r ecep t ion  under t h e  c o n d i t i o n s  s t a t e d ,  The conc lus idn  o f  t h e  des ign  t h e n  
r e s t s  w i th  the  s e l e c t i o n  of a r easonab le  s a f e t y  f a c t o r .  
become involved t h a t  are not and probably cannot. b e  determined. A d d i t i o n a l  
no i se  may e n t e r  t h e  p i c t u r e ,  antenna response f l u c t u a t i o n s  may occur due t o  
t h e  spinning v e h i c l e ,  t h e  system may expe r i ence  some d e t e r i o r a t i o n  due t o  
b a t t e r y - v o l t a g e  d e c l i n e  or o t h e r  unknown f a c t o r s .  E a r l i e r  P i t o t - s t a t i c  f l i g h t s  
used a nominal 2-w t r a n s m i t t e r  which c e r t a i n l y  ?roved more t h a n  adequate.  Sub- 
sequent f l i g h t s  have used a. 500 mw t r a n s m i t t e r  which has proven t o  b e  a nea r  
optimum choice,  Decreasing t h e  size f u r t h e r  w i l l  no t  e f f e c t  t h e  payload s i z e  
or weight nor w i l l  it dec rease  t h e  cos t  n o t i c e a b l y .  

Again, many parameters  
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T 1 b e  noted h e r e  a l s o  t h a t  -gher t r a n s m i t t e r  powers than  are 
a c t u a l l y  needed du r ing  f l i g h t  are b e n e f i c i a l  during ground check-out of t h e  
payload where " l i n e  of  s i g h t "  t ransmission between t h e  r o c k e t  and ground 
s t a t i o n  may not  exist-a cond i t ion  c e r t a i n l y  expected a t  some remote launch- 
i n g  s i t e s .  

An examination of p a s t  P i t o t - S t a t i c  f l i g h t s  i n d i c a t e s  that RF s i g n a l  re- 
cep t ion  i s  good except du r ing  t h e  1a. t ter  phase of t h e  f l i g h t s  where drop o u t s  
do occur ,  u s u a l l y  due t o  tumbling. 

2,42 Data Formats 

Data i n p u t s  t o  telemeter are  e i t h e r  mult iplexed ( t i m e  sha red )  o r  s e n t  d i -  
r e c t l y  t o  s u b c a r r i e r  o s c i l l a t o r s .  From t h e  s t andpo in t  of maximum information 
con ten t  i n  minimum bandwidth, PAM is considered t h e  b e s t  modulation method t o  
use. lo Mult iplexing i s  p o s s i b l e ,  and t h e r e f o r e  d e s i r a b l e  whenever i n t e r r u p t i o n  
o f  t h e  d a t a  does not d e s t r o y  i t s  content.  D i rec t  channels a r e  used f o r  c o n t i n -  
uous or ana log  d a t a  i n p u t s ,  which f o r  t h e  most p a r t  i nc lude  fast  changing or 
unpredi c t a b l e  da.t a, 

A b lock  diagram of t h e  P i t o t - S t a t i c  Probe d a t a  d i s t r i b u t i o n  through 
te.lemeter are shown i n  Fig,  28 and desc r ibed  be lo^^. 
i n  Table I V  and V. Normal system requirements are f o r  two or  t h r e e  SCO's t o  
b e  used w i t h  a s i n g l e  two-channel commutator. 

PAM d a t a  formats are found 

The I R I G  s e c t i o n  of  t h e  commutator (52 )  s u p p l i e s  twenty-eight  d a t a  channels 
of which f ive  are used f o r  c a l i b r a t i o n  vo l t ages .  The frame sync pu l se  c a r r i e s  
t h e  5-v c a l i b r a t i o n .  Seven channels a re  a s s igned  t o  each Densatron output. and 
t h e  remaining n ine  channels c a r r y  engineer ing da ta .  

The PAM commutator output  i s  s e n t  t o  t h e  DOVAP t e l e m e t e r ,  i n  a d d i t i o n  t o  
modulating a SCO i n  t h e  r e g u l a r  t e l eme te r  system; t h u s  providing two s e p a r a t e  
RF l i n k s  f o r  a major s h a r e  o f  t h e  experiment 's  d a t a .  

The remaining commutator s e c t i o n  (Jl) has 30 d a t a  channels.  Two a r e  used 
f o r  0- and 5-v c a l i b r a t i o n  v o l t a g e s ;  t he  res t  a r e  d iv ided  between two magnetom- 
e ters ,  The output  u s u a l l y  modulates a channel  10 ( l O , 5  kc )  SCO. 

The remaining SCO channel  i s  used t o  t r a n s m i t  s o l a r  a s p e c t  information,  
The s h i f t  r e g i s t e r  ou tpu t  i s  a d i g i t a l  r e p r e s e n t a t i o n  o f  t h e  solar aspec t  
d a t a  t h a t  a l s o  inc ludes  e a r t h  cell information, A command eye, a s s o c i a t e d  
W L L U  the o p t i c s ,  " t z l l c "  t h e  s h i f t  r e g i s t e r  t n  " s t m - e "  t h e  i n s t a n t  it. "sees"  
t h e  s u n ,  and t o  "read-out" a s h o r t  time l a t e r .  The e a r t h  c e l l  output s h i f t s  
t h e  dc l e v e l  of t h e  pulsed sun information du r ing  t h e  t ime t h e  e a r t h  t e l e s c o p e  
views t h e  e a r t h .  The r e s u l t a n t  aspect d a t a ,  be ing  unpred ic t ab le  i n  t i m e ,  re- 
q u i r e s  e x c l u s i v e  use of a SCO-usually 

-"*+I. 

an I R I G  channel  A ( 2 2  k c ) ,  
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Channel 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TABLE S J  

PAM CHANNEL ASSIGNMENT 

R a m  gage output  
Ambient gage output  
R a m  gage amplifier range monitor 
Ambient gage a m p l i f i e r  range monitor 
Nose cone tempera.t,ure 
Ram gage o u t  
Ambient gage out  
Ram gage e l e c t r o n i c s  tempera ture  
Ambient, gage e l e c t r o n i c s  t e m p r a t u r e  
Ram gage output  
Ambient gage output  
Ram gage temperature  
Ambient gage temperature  
Ram gage output  
Ambient gage output  
Nose cone f,emperature 
Ba t t e ry  v o l t a g e  monitor 
R a m  gage output  
0-v c a l i b r a t i o n  
Ambient gage output  
1-v c a l i b r a t i o n  
Ram gage output  
2-v c a l i b r a t i o n  
Ambient gage output  
3-v Ca l ib ra t ion  
R a m  gage output  
4-v c a l i b r a t i o n  
Ambient gage su tput  
5-71 c a l i b r a t i o n  
5-71 c a l i b r a t i o n  
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TAFLE V 

MAGNETOMETER CHI-NNEL ASSIGNMENTS 

Channel 
Number 

Function 
~~ ~ 

0 -v  calibrat, ion 

5- ,v  calibration 

Vert.ica1 sensor magnetometer 

Horizontal. sensor magnetometer 



i 

i 

A r e p r e s e n t a t i o n  of t h e  d a t a  i s  displayed i n  Fig. 29, which i s  a photo- 
graphed p o r t i o n  of a real time paper recording f o r  NASA 1402510 
and t h e  ground r e c e i v e r  AGC c h a r a c t e r i s t i c  curve showing v a r i a t i o n s  i n  r ece ived  
s i g n a l  s t r e n g t h  are included wi th  s u b c a r r i e r  d i s c r i m i n a t o r  ou tpu t  d a t a .  

Time codes 

B a s i c a l l y ,  t h e  d a t a  formats are  as shown i n  t h e  f i g u r e ;  however, modifica- 
t i o n s  itre p e r i o d i c a l l y  implemented t o  opt imize t h e  d a t a  recovery scheme cons i s -  
t a n t  w i t h  updat ing t h e  instrument .  

2 ,43 System Component Descr ipt ion 

2 ,431  Transmi t t e r  Deck 

A Vector Manufacturing Model TRPT-5Oltransmitter,  shown f a s t e n e d  t o  i t s  
mounting p l a t e  i n  Fig. 30, was chosen f o r  telemeter because of  i t s  small s ize ,  
s t a b i l i t y ,  rugged c o n s t r u c t i o n ,  and r e l i a b i l i t y .  It may b e  ope ra t ed  from an 
un regu la t ed  power sou rce  and i s  r e l a t i v e l y  une f fec t ed  by environmental  changes, 
The t r a n s m i t t e r  w i l l  d r i v e  a 50-ohm antenna wi th  a nominal 0.7 w of RF power 
a t  10% e f f i c i e n c y .  Complete s p e c i f i c a t i o n s  are l i s t e d  i n  t h e  Appendix. 

The t r a n s m i t t e r  deck i s  assembled i n  t h e  system a t  t h e  base  of t h e  
i n s t r u m e n t a t i o n  column (Fig.  12)  where t h e  t r a n s m i t t e r  a c t u a l l y  p ro t rudes  up 
i n t o  t h e  c e n t e r  of t h e  b a t t e r y  pack (Fig. 31). 
which passes  through t h e  foamed sec t ion  of t h e  b a t t e r y  pack, t h e  l e a d  connec- 
t i o n s  are made a t  t h e  bottom o f  deck through a nine-pin s e r i e s  DEM cannon 
connector  (Fig.  3'2)a A d d i t i o n a l l y ,  s i g n a l  and power ground systems a r e  t i e d  
t o  each o t h e r ,  and t o  t h e  t r a n s m i t t e r  c h a s s i s  through t h e  connector ,  t h u s  
e s t a b l i s h i n g  t h e  i n s t r u m e n t a t i o n ' s  t r u e  ground po in t .  

Except for t h e  RF  output  c a b l e ,  

2 #  432 Commutator Deck - 
A two-sect ion Datametrics Commutator, Model 989 (F ig .  33 and Fig.  3L), 

performs t h e  t e l e m e t e r  mult iplexing.  One s e c t i o n ,  des igna ted  J l ,  has 30 MMB 
(make b e f o r e  break)  c o n t r a c t s  wh i l e  the o t h e r  s e c t i o n  (52)  uses a s t anda rd  I R I G  
format w i t h  28-data channels of 60% d u t y  cycle.  
a . t i v e  0.7 v) i n s e r t e d  between each data  channel provides  channel sync ron iza t ion  
f o r  au tomat i c  d e c o m u t a t i o n .  The frame r a t e  i s  2.5 r p s  and t h e  u n i t  r e q u i r e s  
1 w at, 28 v t o  operate .  

A p e d e s t a l  v o l t a g e  (neg-  

2 ,433  SCO Deck -- I 
The combination of a Vector Madel TA-58 mixer amplifier w i t h  Vector Mcdel 

TS-5k S C O ' s  complete t h e  t e l e m e t e r  s y s t e m ,  The u n i t s  a r e  mounted on a deck 
as shown i n  Fig. 36. The experiment normally used t h r e e  SCO's; however, t h e  
deck c a n  accommodate up t o  f i v e  SCO's i n  t h e  event f u t u r e  d a t a  requirements 
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i n c r e a s e .  The deck wi r ing  i s  shown i n  Fig. 33. 

The TS-54 S C O  has  an inpu t  impedance g r e a t e r  t han  5 0 0 %  a l i n e a r i t y  
b e t t e r  t han  O . l % ,  and an open c i r c u i t  output  of 2 v RMS. 

The mixer a m p l i f i e r  i s  used f o r  mixing or Itsummingtt t h e  SCO o u t p u t s  i n t o  
a s i n g l e  complex s i g n a l  i n  a d d i t i o n  t o  i n c r e a s i n g  t h e  output  l e v e l s  s u f f i c i e n t l y  
for proper t r a n s m i t t e r  modulation. 
from 0 t o  20 and a frequency response wi th in  0.5 db from 20 cps t o  100 kc. 
The ga in  i s  ad jus t ed  a t  t h e  lowest r equ i r ed  l e v e l  t o  minimize d i s t o r t i o n .  

The TA-58 has an  a d j u s t a b l e  v o l t a g e  ga in  

Also  loca t ed  on t h e  SCO deck i s  t h e  commutator p e d e s t a l  b i a s  o s c i l l a t o r  
explained i n  an e a r l i e r  s e c t i o n  ( s e e  Sect ion 2.354). 

2.434 Telemetry Antenna 

The antenna system uses a p a i r  of model 2.003 quadraloop antennas,  11 
mounted on the  s k i n s  covering t h e  in s t rumen ta t ion  s e c t i o n  ( F i g .  37A). These 
antennas are designed s p e c i f i c a l l y  f o r  high s p i n  r a t e  v e h i c l e s ,  and wi th  
a low p r o f i l e  t o  keep aerodynamic d rag  f o r c e s  l o w .  

A phasing ha rness  ( F i g .  28) i s  used t o  f e e d  t h e  antennas i n  p a r a l l e l ,  
180" out  o f  phase, which g ives  good f o r e  and a f t  coverage. 
i n g  p o i n t  impedance i s  s e l e c t e d  near 100 ohms; and by u s i n g  a one-half  wave- 
l e n g t h  f e e d  l i n e  i n  p a r a l l e l  w'ith a one wave l e n g t h  f e e d  l i n e  made of 50-ohm 
t r ansmiss ion  cab le ,  t h e  combination w i l l  match a 50-ohm t r a n s m i t t e r .  A s  might 
be expected, the impedance i s  c r i t i c a l  w i th  frequency ( a  t y p i c a l  curve i s  shown 
i n  Fig.  37B) s o  t h a t  t r a n s m i t t e r s  and antennas must b e  compatible.  

The antenna d r i v -  

The r a d i a t i o n  p a t t e r n ,  u s i n g  t h e  r i g h t  c i r c u l a r  component, i s  t h a t  of a 
t o r o i d  whose axis i s  normal t o  t h e  v e h i c l e  a x i s .  
or less i n  t h e  range of i n t e r e s t .  

The VSWR i s  g e n e r a l l y  l . 5 : l  

2 .5  GROUND CONTROL SYSTEM 

Payload development w a s  p a r a l l e l e d  by t h e  des ign  of a ground c o n t r o l  Sys- 
t e m  t h a t  i s  needed t o  provide remote payload c o n t r o l  and monitor f u n c t i o n s .  
Divided i n t o  t h r e e  s e c t i o n s ,  t h e  e n t i r e  system i n c l u d e s  t h e  c o n t r o l  deck mounted 
i n  t h e  instrumentat ion s e c t i o n  and explained i n  an e a r l i e r  s e c t i o n ;  t h e  umbil- 
i c a l  system: 
p a r t ,  design ob jec t ives  are similar t o  t h o s e  of f l i g h t  i n s t r u m e n t a t i o n  wi th  
r e l i a b i l i t y  and p o r t a b i l i t y  be ing  major c o n s i d e r a t i o n s .  
t h e  system i s ,  o f  course,  t o  a c t i v a t e  t h e  pnyload; however, a d d i t i o n a l  f e a t u r e s  
i n c l u d e  provis ions f o r  e x t e r n a l  power o p e r a t i o n  and b a t t e r y  charging. The 
f i n i s h e d  design u t i l i z e s  a s t ep -by- s t ep  t u r n  on procedure t h a t ,  i n  e f f e c t ,  
a u t o m a t i c a l l y  checks system o p e r a t i o n  without  r e l y i n g  on o p e r a t o r  d e c i s i o n s  
and without  jeopardizing payload c i r c u i t s .  Other  c o n s i d e r a t i o n s  i n  t h e  des ign  

and a s p e c i a l l y  designed ground c o n t r o l  console .  For t h e  most 

The m a i n  f u n c t i o n  of 
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Fig .  37A. Model 2.003 telemetry antennas. 
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are covered below. 

2. '31 Umbilical  System 

A 12-conductor pull-away system was somewhat a r b i t r a r i l y  s e l e c t e d  a s  a 
compromise between us ing  a l a r g e  plug and cab le  capable  of accommodating a l l  
of t h e  r e q u i r e d  c o n t r o l  f u n c t i o n s  or  using a smaller c a b l e  and p l u g  t h a t  a r e  
l e s s  bulky and s u i t e d  more f o r  pull-away o p e r a t i o n s .  

By us ing  Ledex programmers, t h e  lead a v a i l a b i l i t y  i s  i n  e f f e c t  m u l t i p l i e d ,  
which al lows use of t h e  l a t t e r  system. 

Because it i s  d e s i r a b l e  t o  keep the ope ra t ion  o f  t h e  main payload and 
DOVAP ins t rumen ta t ion  i s o l a t e d  and independent o f  one ano the r ,  a s e p a r a t e  8- 
conductor ground c o n t r o l  cab le  i s  used f o r  DOVAP. 

Each ground c o n t r o l  c a b l e  t o  t h e  v e h i c l e  i s  wired t o  a Jones plug t h a t  
mates t o  a female Jones plug mounted i n  t h e  in s t rumen ta t ion  sec t ion .  The 
Jones plugs are p a r t i c u l a r l y  u s e f u l  f o r  t h i s  a p p l i c a t i o n  because t h e y  have low 
c o n t a c t  r e s i s t a n c e  and t h e y  can be e a s i l y  p u l l e d  apart without  jamming. 

Con t ro l  of payload func t ions  and DOVAP ins t rumen ta t ion  i s  p o s s i b l e  through 
t h e  pull-away c a b l e s  u n t i l  a c t u a l  launch time when motion o f  t h e  v e h i c l e  
i n i t i a t e s  a so  c a l l e d  " f l y  away" umbil ical  r e l e a s e .  The system i s  simple t o  
use and r e q u i r e s  no s p e c i a l  equipment o t h e r  t h a n  a f e w  weights t o  anchor t h e  
c a b l e  t o  t h e  ground behind t h e  launcher. 
p l a i n e d  as follows us ing  Fig. 38 reference.  

The p r i n c i p a l  of ope ra t ion  i s  ex- 

Consider f i r s t ,  t h a t  t h e  system is i n  a s t a t i c  cond i t ion  j u s t  p r i o r  t o  
release. A t  t h i s  t i m e ,  t h e  cab le  i s  t i e d  s e c u r e l y  t o  t h e  ground a t  p o i n t  A 
and i s  f i x e d  a t  p o i n t  B. The impending movement of t h e  v e h i c l e  imparts  a 
f o r c e  F1, a t  p o i n t  B which a c t s  i n  the d i r e c t i o n  of motion. This f o r c e  may 
be r e s o l v e d  i n t o  two components, F2 a c t i n g  along t h e  cab le  a x i s ,  and F3 which 
i s  d i r e c t e d  up and away from t h e  vehicle .  Since t h e  c a b l e  cannot support  bend- 
i n g ,  t h e  f o r c e  F3 must b e  l o c a t e d  at po in t  B. 

Due t o  t h e  cab le s  r e s t r i c t i o n ,  a f o r c e  F4 e x i s t s  which i s  oppos i t e  t o  F2, 

Upon r e l e a s e ,  p o i n t  B on t h e  cable i s  a c c e l e r a t e d  i n  t h e  d i r e c t i o n  o f  F3 
whereby t h e  e f f e c t s  of each f o r c e  a r e  c a n c e l l e d  l e a v i n g  only t h e  r e s u l t a n t  f o r c e  
F3. 
a long  an a r c  desc r ibed  by t h e  l i n e  BC which i s  t h e  d e s i r e d  r e s u l t .  

In act1L.l pra.ct,ice; t h e  c a b l e  i s  t a p e d  a t  v a r i o u s  i n t e r v a l s  a long t h e  
l e n g t h  of t h e  Apache motor housing thereby c r e a t i n g  a p o i n t  "B" a t  each t a p e  
p o i n t ,  r e s u l t i n g  i n  a whipping ac t ion  t h a t  c a r r i e s  t h e  plug and cab le  up and 
away from t h e  rocke t  and exhaust gasses. 

A l l  i n d i c a t i o n s  from p a s t  f l i g h t s  a r e  t h a t  t h e  system has worked very 
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. 
w e l l ,  
u sab le  d 

Cables and plugs are g e n e r a l l y  l e f t  undamaged t o  t h e  p o i n t  of  be ing  re- 

2.52 Control  Console 

A f u n c t i o n a l  block diagram of t h e  c o n t r o l  console  i s  shown i n  Fig.  39. 
Two programming Ledexes, s i m i l i a r  t o  those l o c a t e d  on t h e  c o n t r o l  deck desc r ibed  
i n  an ear l ier  s e c t i o n ,  are used t o  s e l e c t  t h e  proper c o n t r o l  o r  monitor c i r -  
c u i t s  i n s i d e  t h e  console  and d i r e c t  them thrcugh t h e  pull-away c a b l e  t o  t h e  
payload, 
on t h e  payload c o n t r o l  deck which, as explained ear l ie r ,  t hen  d i r e c t s  t h e  p u l l -  
away l e a d s  t o  proper c i r c u i t s  t o  be c o n t r o l l e d  o r  monitored, For exa.mple, 
when t h e  instrumenta,t ion Ledex i s  synchronized +,o t h e  payload t e l e m e t e r  Ledex 
i n  t h e  OFF p o s i t i o n ,  t h e r e  are no c i r c u i t s  connected t o  t h e  pull-away l e a d s  
e i t h e r  at t h e  payload o r  a t  t h e  c o n t r o l  console.  
EXT, 
p r o p r i a t e  pull-away l e a d s ,  Then, on t h e  payload s i d e  of t h e  pull-away c a b l e ,  
t h e  telemeter Ledex d i r e c t s  the  power supply l e a d s  t o  t h e  gage c i r c u i t s ,  
succeeding Ledex p o s i t i o n  correspondingly s e l e c t s  t h e  proper c i r c u i t s  o r  meters 
as r e q u e s t e d  by t h e  payload t e l e m e t e r  Ledex, 

Each c o n t r o l  console  Ledex i s  synchronized t o  a "companion Ledex" mounted 

I n  t h e  next  p o s i t i o n ,  GAGE 
t h e  power supply output  from t h e  c o n t r o l  console  i s  connected t o  t h e  ap- 

Each 

A s i n g l e  push b u t t o n  switch s imultaneously switches bo th  t h e  c o n t r o l  con- 
s o l e  Ledex and i t s  companion Ledex i n  the payload. 
of  a Ledex not switching,  each Ledex i s  d r iven  from a s e p a r a t e  500 MFD ca- 
p a c i t i v e  power source,  

To reduce t h e  p o s s i b i l i t y  

Con t ro l  console  Ledex p o s i t i o n s  a r e  d i sp l ayed  by i n d i c a t o r  lamps d r iven  
from s w i t c h  wafers D1 and D5,  Pay1oa.d Ledex p o s i t i o n s  are determined us ing  
t h e  range r e s i s t o r s  mounted on wafers  34 and I6. 
2 m a  c u r r e n t  sources  flowing Xhrough these  r e s i s t o r s  and similiar c i r c u i t s  on 
t h e  payload Ledex switch wafe r s ,  are compared i n  e r r o r  a m p l i f i e r s ,  A d i f f e r -  
e n t  v o l t a g e  g r e a t e r  t h e n  1 v ( i n d i c a t i n g  t h e  Ledexes are Out. o f  s t e p )  w i l l  
a c t i v a t e  a r e l a y  (sW-6 o r  s W - 8 )  which i n  t u r n  causes t h e  push bu t ton  switch 
( e i t h e r  PEL o r  PB2, whichever t h e  case  may be)  to glow s e d  by t u r n i n g  on L2 
or LL. Norma,lly, when t h e  Ledexes a r e  i n  s t e p ,  the push bu t tons  glow green 
by t h e  lamps L l  and L30 

Voltages de r ived  by cnns t an t  

Should t h e  case  ar ise  wherf t h e  Ledexes a r e  out, of s t e p ,  t h e  payload 
Ledexes can  be disconnected by SW-5 (or SW-7) from t h e  s t e p p e r  switch PB 1 
( O r  PB 2) t h e r e b y  al lowing t h e  cont,roL console Ledex t o  "catch-up" t o  t h e  
pa.yLoad Ledex, 

The payload o p e r a t i o n a l  turn-on sequence begins  w i t h  t h e  t e l e m e t e r  Ledex 
i n  t h e  "OFF" p o s i t i o n  while  t h e  gage Ledex i s  u s u a l l y  l e f t  i n  t h e  "FLY" pos i -  
t i o n ,  When t h e  t e l e m e t e r  Ledex i s  switched t o  "GPGE EX?" p o s i t i o n ,  t h e  
Densatrons , t h e  c a . l i b r a t i o n  t i m e r ,  and t h e  c a l i b r a t i o n  r e g u l a t o r  c i r c u i t s  can 
be operat  e d  on e x t e r n a l  power. P mamudly operated switch (SW-I) connects t h e  
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" e x t e r n a l  power supply regula,tor" output t o  t h e  p u l l  away. 
l e a d s ,  s e p a r a t e  from t h e  c u r r e n t  ca r ry ing  leads, ,  are used f o r  l lsensing" t h e  
v o l t a g e  a t  t h e  payload t h e r e b y  reducing t h e  e f f e c t  o f  l i n e  v o l t a g e  d rop  on t h e  
v o l t a g e  appearing a t  t h e  payload. Diodes between t h e  sense  l e a d s  and t h e  ou t -  
put. leads a t  t h e  c o n t r o l  conso le ,  clamp t h e  m a x i m u m  a v a i l a b l e  output v o l t a g e  
a t  a safe l e v e l  i n  t h e  event t h e  sensing l e a d s  a r e  disconnected,  

Add i t iona l  power 

The gage Ledex, o p e r a t i n g  independently from t h e  telemeter Ledex, can be 
used t o  s e l e c t  any one of  t h r e e  Densatrons f o r  monit,or o r  c o n t r o l  purposes 
i r r e s p e c t i v e  of t ,he  t e l e m e t e r  Ledex posit ion. ,  
range,  a m p l i f i e r  temperature ,  and gage temperature  are monitored us ing  meters 
M 2  through m, whi le  a t h r e e - p o s i t i o n  switch,SW74, i s  used t o  s e l e c t  one of 
t h r e e  r e q u i r e d  range c o n t r o l  v o l t a g e s ,  

The Densatron ou tpu t  , a m p l i f i e r  

The c a l i b r a t e  r e l a y  c o n t r o l  switch (SW-3) i s  t i e d  i n  p a r a l l e l  t o  each 
Densa.tzon and may be a c t i v a t e d  i n  any p o s i t i o n  inc lud ing  t h e  "FLY" p o s i t i o n ,  

When t h e  t e l e m e t e r  Ledex i s  switched t o  "ALL EXTERNAL," t h e  complete pay- 
l o a d  i s  o p e r a t i n g  on e x t e r n a l  power, The next  p o s i t i o n  i s  used t o  switch 
from e x t e r n a l  power t o  i n t e r n a l  power-again, a l l  c i r c u i t s  are ope ra t ing .  
t h i s  t i m e  t h e  i n t e r n a l  b a t t e r y  v o l t a g e  i s  monitored at t h e  c o n t r o l  console ,  
and a RTM ( runn ing  t i m e  meter) i s  tu rned  on t o  r e c o r d  t h e  b a t t e r y  d i scha rge  
time, The next  s t e p  i n  t h e  turn-on procedure, p u t s  a l l  c i r c u i t s  i n  a f l i g h t  
c o n d i t i o n  and removes a l l  i n t e r n a l  payload v o l t a g e s  from t h e  u m b i l i c a l  plug, 
The ' 'd ischarge RTM" i s  s t i l l  a c t i v a t e d .  
a l l  of t h e  in s t rumen ta t ion ,  and p u t s  t he  payload i n t e r n a l  b a t t e r i e s  i n  a pos i -  
t i o n  f o r  charging,  
manually connected t o  t h e  b a t t e r i e s  by t h e  switch SW-2, 
v o l t a g e  l e v e l  ( u s u a l l y  38 v)  i s  measured by f h e  meter M l ,  t h e  meter cut  o f f  
r e l a y  aut ,omatical ly  d i sconnec t s  t h e  charge c i r c u i t  from t h e  b a t t e r i e s ,  
s e p a r a t e  "charge RTM" r eco rds  t h e  b a t t e r y  charge time, 

A t  

The fol lowing p o s i t i o n ,  t u r n s  o f f  

The output  o f  a 100 m a  cons t an t  c u r r e n t  sou rce  can be 
When a predetermined 

A 

The c o n t r o l  console ,  p i c t u r e d  i n  F ig  LO, i s  mechanically b u i l t  t o  with- 
s t a n d  t h e  rough handl ing environment of-ten t ime encountered du r ing  shipping 
and opera. t ing t h e  equipment a t  remote l a m c h i n g  s i t e s ,  The unit, i s  bui l t .  i n  
two s e c t i o n s  which a r e  rack-mounted with shcck mounts i n  t.he sh ipp ing  c o n t a i n e r ,  
By removing t h e  f r o n t  and ba.ck pane l s  o f  t h e  sh ipp ing  c o n t a i n e r ,  t h e  console  
i s  ready f o r  o p e r a t i o n  by merely plagging i n  t h e  a p p r o p r i a t e  c a b l e s ,  
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F i g .  40. Ground c o n t r o l  conso le - f ron t  view. 
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3 0  MECHANICAL DESIGN 

I 
The complete nose cone i s  f a b r i c a t e d  i n  t h r e e  s e c t i o n s  f o r  housing t h e  

Densa.trons, t e l e m e t e r  i n s t rumen ta t ion ,  and t h e  DOVAP transponder  r e s p e c t i v e l y ;  
and h e r e a f t e r  desc r ibed  as t h e  probe s e c t i o n ,  t h e  in s t rumen ta t ion  s e c t i o n ,  and 
t h e  DOVAP s e c t i o n .  Each s e c t i o n  i s  independently assembled, b o t h  e l e c t r i c a l l y  
and mechanically,  be fo re  mating t o  remaining payload s e c t i o n s  ( s e e  Figs .  
41F, and hlC), 

I 

l 
4L4, , 

The b a s i c  s t r u c t u r e  i s  d e s c r i b e d  s t a r t i n g  a t  t h e  t o p  or forward end of 
nose cone, t h e n  proceeding a long  i t s  l eng th  u n t i l  reaching t h e  Apache second 
s t a g e  

The ram p r e s s u r e  o r i f i c e  and gage chamber are contained i n  a 3.5- in .  d i -  
ameter hemisphe r i ca l  nose t i p  ( F i g ,  42A) t h a t  f a s t e n s  d i r e c t l y  t o  a 30-in.  long 
s t a i n l e s s  s t e e l  t u b e  ( F i g o  42B), which t h e n  connects t o  a s t a i n l e s s  s t e e l  cen- 
t e r  s e c t i o n  (Fig.  43) t h a t  con ta ins  the ambient p r e s s u r e  chamber on t h e  forward 
s i d e ,  and e i t h e r  a wind gage chamber, or e l s e  no chamber at a l l  on t h e  a f t  s i d e .  
( A  f e w  later model nose cones were modified t o  inc lude  an a d d i t i o n a l  ambient 
chamber on t h e  a f t  s i d e , )  Proceeding f u r t h e r ,  t h e  c e n t e r  s e c t i o n  t h e n  mates 
t o  a magnesium c a s t i n g  (F ig .  44), that s e r v e s  as a t r a n s i t i o n  s e c t i o n  between 
t h e  probe s e c t i o n  and t h e  l a r g e r  diameter o f  t h e  in s t rumen ta t ion  s e c t i o n ,  
Four U n i s t r u t *  columns welded t o  s t e e l  r i n g s  ( F i g .  45) a t  each end form t h e  
i n s t r u m e n t a t i o n  s t r u c t u r e  with a mounting platform inc luded  between t h e  columns 
f o r  t h e  in s t rumen ta t ion  decks,  
t h e  DOVAP transponder  and connects t o  t h e  Apache motor coupl ing adap te r .  
t h e  f i n a l  conf igu ra t ion ,  a p a i r  of r o l l e d  aluminum s k i n s  enc lose  each r Jn i s t ru t  
s e c t i o n .  

A second Uni s t ru t  s e c t i o n  provides  space f o r  
I n  

The m u l t i p l e  s e c t i o n s  of t h e  payload are kept  i n  alignment us ing  dowels 
and o t h e r  means exp la ined  i n  d e t a i l  l a t e r ,  and t i g h t  t o l e r a n c e s  are maintained 
between s e c t i o n s  t o  i n c r e a s e  s t r e n g t h  and r i g i d i t y  o f  t h e  s t r u c t u r e ,  

The o v e r a l l  l e n g t h  of t h e  payload i s  74 -2  i n ,  w i t h  a nominal weight of 62 lb 
i n c l u d i n g  DOYAP and all i n t e r n a l  instrumentat ion,  
l o c a t e d  37 i n ,  behind t h e  nose t i p ,  
i n c l u d i n g  a despin module, but without DOVAP, i s  shown i n  Fig,  hlB0 

The c e n t e r  of g r a v i t y  i s  
A semi-assembled view of t h e  nose cone 

3.1 PROBE SECTTON ASSEMBLY 

F igure  47 shows t h e  probe sec t ion  assembly as  w e l l  as i n d i v i d u a l  gage as- 

+ U n i s t r u t  Corpora t ion ,  Wayne, Michigan. 
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Fig .  41A. Nose cone-rear view. 
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Fig .  42A. Nose t i p - f r o n t  view. 
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Fig .  45. Unistrut assembly f o r  instrumentation and DOVAP. 
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Fig. 46. DOVAP section with hardware. 
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semblies ,  Each r a d i o a c t i v e  i o n i z a t i o n  gage i s  an i n t e g r a l  part of  t h e  Densatron ' 

amplifier system, and t h e  two are mounted i n  t h e  nose cone as a s i n g l e  u n i t .  

The probe assembly begins  by mounting t h e  a p p r o p r i a t e  Densatron( s )  t o  t h e  
c e n t e r  s e c t i o n  ( F i g ,  L3), The chamber shown has been modif ied t o  inc lude  two 
ambient measurements. A f u r t h e r  modi f ica t ion  i s  t o  be made t o  inc lude  a wind 
chamber ( see  Sec t ion  7> 1)- 
t i c n  by  "0'' r ings  and i n  t u r n  each chamber gage assembly i s  vacuum 
from t h e  remainder of  t h e  payload.  

Each gage i s  vacuum s e a l e d  from t h e  a m p l i f i e r  s ec -  
sealed 

The Densatron mated-center -sec t ion  i s  next  connected t o  t h e  magnesium 
s t r u c t u r e  with t h e  lower Densat ron prot,ruding down i n t o  t h e  t r a n s i t i o n  s e c t i o n ,  
The two p a r t s  are  secured  us ing  screws loca ted  e x t e r n a l l y  a long  t h e  pe r iphe ry  
o f  t h e  magnesiurr s e c t i o n ,  A c l o s e  t o l e r a n c e  i s  needed a t  t h i s  p o i n t  t o  i n s u r e  
a r i g i d  junc t ion ,  A Screw t y p e  coupl ing i s  not. m e d  h e r e  because Densatron 
e l e c t r i c a l  cab les  would be  t w i s t e d  dur ing  assembly 

Next,  t h e  s t e e l  t ube  i s  f i t t e d  down over  t h e  upper Densatron and connects  
t o  t h e  c e n t e r  s ec t ion  v i a  a q u a r t e r - t u r n  acme tn readed  coupl ing.  F i n a l l y ,  t h e  
ram gage Densatron i s  dropped i n t o  t h e  s t e e l  t,ubing and r e s t s  a g a i n s t  a l i p  
provided. With a n  "0" r i n g  a t t a c h e d ,  t h e  hemisphe r i ca l  nose t , ip  then  screws 
i n t o  t h e  tub ing ,  t h u s  complet ing t h e  probe assembly 

I n s i d e  t h e  s t e e l  t u b i n g  t h e  Densatrons are  h e l d  i n  p l a c e  by nylon s u p p o r t s ,  
which i n  t u r n  are  suppor ted  by s t ee l  r e t a i n e r  r i n g s  welded t o  t2he i n s i d e  
diameter of  t h e  s t e e l  t u b i n g ,  Densatron c a b l e s  pass  through t h e  nylon suppor t s  
and f eed  d i r e c t l y  through t h e  c e n t e r  s e c t i o n  t o  t h e  rear of t ,he magnesium sec -  
t i o n  where they  connect t o  t h e  telemeter s e c t i o n  v i a  a 37-pin cannon connector .  

Before assembly t o  t h e  payload ,  each Denyatron i s  wrapped i n  a l t e r n a t e  
layers, usua l ly  t h r e e  each ,  of  armalon and aluminum f o i l  which e f f e c t i v e l y  
forms a r a d i a t i o n  h e a t  s h i e l d  against .  t h e  h igh  s k i n  t empera tu res  caused by  
aerodynamic hea t ing  ( see Appendix) , 

3 2 TELEMETFP SECTlON ASSEMBLY 

With t h e  except icn  o f  t h e  aspec t  eye and pulL-away p lugs ,  a l l  of  t h e  te1-  
emeter in s t rumen ta t i cn  are locat  ed on s t anda rd  c y l i n d r i c a l  shaped decks,  The 
decks are assembled int .c a celumn such as F ig ,  48, and f a s t e n e d  t o  a s t e e l  
mounting p la t form by f c c r  10-32 t h readcd  rcds  t h a t  pass through each deck-  
P d d i t i o n a l  support f o r  t h e  s t r u c t u r e  i s  ga ined  u s i n g  a b r a c k e t e d  p la te  ( F i g ,  kc)) 
t h a t  a t t a c h e s  t o  t h e  t o p  steel r i n g  c f  t h e  Unis-,rut s e c t i c n ,  

Two pull-away p l u g s ,  one fer DOVAP, the o t h e r  f o r  t h e  main payload,  are 
mounted t o  a bracket (F ig  h ? )  which i n  t i i rn screws to b r a c k e t s  a t t a c h e d  t o  
t w o  of t h e  Unis t ru t  columns. Locbted opposite t o  t he  pull-away i s  a mounting 
p l a t e  f o r  t h e  aspect  eye which i s  welded 1 0  t h e  remaining two U n i s t r u t  columns 
(Fig. ,  L5)a 
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Fig. 48. Ins t rumenta t ion  s e c t i o n  wi th  e l e c t r o n i c s - f r o n t  view. 
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Fig. 49. Top of instrumentation structure showing column support bracket. 
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The quadraloop t e l eme tzy  antennas (Fig.  48) are f a s t e n e d  by screws t o  t h e  
aluminum s k i n s  surrounding t h e  t e l eme te r  s e c t i o n .  

The complet+ed t .elemetry s e c t i o n  connects d i r e c t l y  t o  t h e  magnesium c a s t -  
i n g  us ing  e i g h t  1/4-in.  s t a i n l e s s  s t ee l  b o l t s .  The upper s tee l  r i n g  o f  t h e  
U n i s t r u t  s e c t i o n  i s  s n u g - f i t  p i l o t e d  t o  t h e  magnesium s e c t i o n ,  and a keyway 
i s  used t o  maintain alignment and r i g i d i t y ,  

3.3 DOVAP ASSEMBLY 

DOYAP in s t rumen ta t ion  f i t s  i n t o  another U n i s t r u t  s e c t i o n ,  Fig. k6, 1ocat;ed 
The Apache motor coupl ing a d a p t e r  i s  used a l s o  

A hold-down r i n g  (shown i n  Fig,  "6) 
t o  t h e  rear of  t h e  payload, 
f o r  t8he mounting base  f o r  the :  DOVAP "can.'' 
t h a t  f a s t e n s  t o  welded b r a c k e t s  i n  two of t h e  U n i s t r u t  columns i s  a l l  t h a t  i s  
needed t o  hold t h e  can i n  p l a c e  as shown i n  Fig. 

I n  t h e  p a s t ,  t h e  DOVAP antenna coupling networks were f a s t e n e d  t o  t h e  
"can" as shown i n  Fig,  70 and 51. 
vided which are screwed t o  t h e  Un i s t ru t  columns as shown i n  Fig.. 53* 

Brackets f o r  t h e  networks are now pro- 

P i l o % i n g  and keying arrangements similar t o  t h o s e  employed i n  t h e  te lemet ,er  
s e c t i o n  are used on b o t h  ends of t h e  DOVAP s e c t i o n  t o  h e l p  maintain s t r e n g t h  
and r i g i d i t y  of t h e  s t r u c t u r e .  

S ince  DOVAP antennas are,mounted d i r e c t l y  on t h e  second-stage Apache, 
it i s  d e s i r a b l e  t.0 s p l i t  t h e  payload a t  t h i s  po in t  and cons ide r  DOVAP t o  be 
a p a r t  o f  t h e  r o c k e t ,  Therefore ,  f i n a l  assembly of t h e  payload t o  t h e  rocket  
i nvo lves  i n s t a l l i n g  t h e  DOVAP can,  j o in ing  t h e  two U n i s t r u t  s e c t i o n s  wi th  eight. 
l /L - in ,  b o l t s ,  and p u t t i n g  s k i n s  around t h e  DOVAP can t o  f i n i s h  t.he ope ra t ion .  
The e n t i r e  sequence i s  u s u a l l y  accomplished i n  l e s s  t h a n  30 min, 

3 o  L DESPIN MODlTLE 

A yo-yc despin module,18 which w i l l  be used i n  t,he f u t u r e  payloads f o r  
wind measurements ( s e e  Sec t ion  7.1 and Figs.  5 h ,  and 5 5 )  ,. i s  designed tc? f i t ,  
betveer? the t e l e m e t e r  s e c t i o n  and t h e  DOVAP sec+,ion us ing  t h e  same mounting 
h o l e s ,  keys ,  e t , c , ,  t h a t  a r e  used t,o mate t h e  two s e c t i o n s .  E l e c t r i c a l  w i r ing  
i s  independent of t h e  rema,ining payload, t h e r e f o r e  no mod i f i ca t ion  o r  in+ egra -  
t i o n  o t h e r  t h a n  mounting are necessary when a despin module i s  used, 
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Fig .  54. Despin module assembled. 
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4, TESTING 

4 . 1  SYSTEM TESTS 

The o b j e c t i v e s  of payload t e s t i n g  are (1) t o  prove design adequacy, and 
(2) t o  def ine o p e r a t i o n a l  c h a r a c t e r i s t i c s  and improve t h e  r e l i a b i l i t y  of each 
payload. 
t e s t  launchings.  I n  t h e  case  o f  t h e  P i t o t - s t a t i c  Probe experiment,  t h e  b a s i c  
design was proven by t h e  p ro to type  nose cone launching ~6.340 and s i n c e  v e r -  
i f i e d  by a number o f  s u c c e s s f u l  launches t h a t  followed. The environmental  
t e s t s ,  explained i n  more d e t a i l  below, performed on NASA 14J9 a t  Goddard Space 
F l i g h t  Center g i v e  f u r t h e r  support. t o  t h e  design. I n  a d d i t i o n ,  a t h e o r e t i c a l  
s tudy  f o r  a e r o e l a s t i c  f l i g h t  l oad ing  of t h e  nose cone w a s  made by Thiokol  
Chemical Corporat ion, l2  which concluded on ly  moderate load ing  was t o  be expected 
during f l i g h t ,  Neve r the l e s s ,  s t a t i c  load t e s t s  u s ing  parameters d i c t a t e d  by 
t h e  s tudy  were conducted on NASA 14,285 a t  Goddard Space F l i g h t  Center t o  
determine whether o r  no t  s t r u c t u r a l  d e f i c i e n c i e s  e x i s t .  Almost n e g l i g i b l e  pay- 
l o a d  d i s t o r t i o n  was observed du r ing  t h e  t es t .  

The f i r s t  p a r t  i s  accomplished through s imulated methods t e s t i n g  and 

The second o b j e c t i v e  of determining o p e r a t i o n a l  c h a r a c t e r i s t i c s  and r e l i -  
a b i l i t y ,  i s  b a s i c a l l y  direct .ed towards i n d i v i d u a l  payload t e s t i n g  wi th  emphasis 
on f a b r i c a t i o n  and assembly t echn iques  r a t h e r  t h a n  design a s p e c t s .  

For t h e  most p a r t ,  t e s t i n g  i s  done a t  t h r e e  l e v e l s  of payload development. 
F i r s t ,  each c i r c u i t  i s  i n d i v i d u a l l y  performance t e s t e d  wi th  r e s p e c t  t o  tempera- 
t u r e  changes, v o l t a g e  changes, e t c .  Then every s o l d e r  connect ion i s  v i s u a l l y  
in spec ted  be fo re  a c i r c u i t  o r  connector i s  considered usab le ,  Next each sub- 
assembly, such as t h e  Densatron, o r  t h e  t e l e m e t e r  system, i s  th rough ly  checked 
out b e f o r e  being i n s t a l l e d  i n  t h e  nose cone,  Beyore any commercially purchased 
equipment i s  used, t h e  u n i t s  a r e  t e s t e d  against ,  manufac tu re r ' s  s p e c i f i c a t i c n s ,  
The nose cone i s  p e r i o d i c a l l y  in spec ted  d u r i n g  f a b r i c a t i o n ,  and t h e  gage assem- 
b l i e s  a r e  vacuum t e s t e d  f o r  l e a k s ,  The b a t t e r y  pack i s  c a r e f u l l y  monitored 
du r ing  a l l  charge and d i scha rge  ope ra t ions  

The last t es t s  a r e  concerned w i t h  the  system as a whole and i n c l u d e  a vi- 
b r a t i o n  t e s t  us ing  t e s t  l e v e l s  spp1ic:ibLe t o  t h e  Apache payload ( s e e  S e c t i o n  
k .  21). Instrumentation t e s t s  a s s c c i a t e d  w i t h  r o c k e t  check out, concludes 
i n d i v i d u a l  payload t e s t i n g  

By t h e  time 7 p i r t i c u l n r  nose cone is  r eady  t o  launch,  c o n s i d e r a b l e  d a t a  
i s  av2il 'Lble on t h e  performance and l i i t t o r y  of t h e  components as w e l l  as t h e  
cornplet e assembly, :md n r ea ron?b le  cor] f ' idence i n  i t s  c a p a b i l i t y  t o  perform the, 

rne'isureinent exists 
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4.2 EFJIRONMENTAL TESTS 

Formal t . e s t i n g  of P i t o t  - S t a t i c  Probe payloads o r i g i n a t e d  w i t h  NASA 14.19 
at. Goddard Space F l i g h t  Center i n  t h e  s p r i n g  of 1962, where v i b r a t i o n  and thermo- 
vacuum t e s t s  were performed and t h e  payload w a s  dynamically balanced. 

4 .21 Vib ra t ion  

The v i b r a t i o n  t e s t  c o n s i s t e d  o f  shaking t h e  payload a long  t h r e e  mut,ually 
pe rpend icu la r  axes i n  accordance wi th  s p e c i f i e d  l e v e l s  f o r  t h e  Nike-Apache ve- 
h i c l e ,  which are; 

Thrust  Axis - 1 g ( g r a v i t a t i o n a l  c o n s t a n t )  s i n u s o i d a l  survey sweep 

from 10 cps t o  lk? cps and 7 g from 
from 10 cps t o  2000 cps followed by a cons t an t  maximum 
v e l o c i r y  of 3 i n , / s e c  
1L5 cps t o  2000 C ~ S ,  

Lateral  X axis - same as t h r u s t  

Lateral  Y a.xis - same as t h r u s t ,  except no 1 g survey, 

A n t i c i p a t e d  high Loading a r e a s  o f  t h e  nose cone, such as t h e  nose t i p  and 
t h e  rear of  t h e  a.mbient Densatzon gage housing, were instrumented w i t h  a c c e l -  
erometers  f o r  e v a l u a t i o n  purposes,  

Results of t h e  tes ts  i n d i c a t e d  no s t r u c t u r a l  weakness i n  t h e  d e s i g n ,  and 
t h e r e  were no f a i l u r e s  of i n t e r n a l  instrumentat ion,  Data from t h e  t e s t  showed 
a s t r o n g  resonance wi th  a Q ( a m p l i f i c a t i o n  f a c t o r )  of approximately 6 i n  t h e  
range between 350 cps and 400 cps along t,he t h r u s t  axis., I n  t h e  l a t e r a l  a x e s ,  
t h e  major s t r u c t u r a l  resonance occurred a t  approximately 14 cps wifh a Q of 3. 
Other minor resonances ( Q  < 4) appeared i n  t h e  150 cps t o  200 cps range,  - 

The same v i b r a t i o n  ?,est parameters are used on every Pi t -ot-Stat , ic  Probe 
payload as p a r t  o f  a s t anda rd  check out procedure,  V i sua l  and o p e r a t i o n a l  
examinations a f te r  t h e  shake t e s t  toge the r  w i th  obse rva t ions  du r ing  t h e  t e s t  
determine t h e  pay load ' s  iaunch s t a t u s ,  

h022 Thermal Vacuum T e s t  

Th i s  t e s t  examined t h e  P i t o t - s t a t i c  Probe s c a p a b i l i t y  t o  func+,ion i n  a 
space environmen?,, The nose cone was p l aced  i n  a Tenny Thermal Vacuum Chamber 
where t h e  t,emperat,ure was s f a b i l i z e d  zt - i ? ' C a  The chamber w a s  A'--- I l l C l l  c y a c  -------- uated 
to a p r e s s u r e  of  LOs5 mm Hg and he ld  f o r  30 min with t h e  payload power. t u rned  
on, Thermocouples, f c r  temperature  measurement, were spaced along t h e  Leng+h 
of  t h e  nose cone, and mounted i n  l o c a l  h e a t i n g  a r e a s  of t h e  in s t rumen ta t ion ,  



A second t e s t  a t  p o s i t i v e  35'C was performed us ing  t h e  same procedure 
(see thc Appendix). 

Payload ope ra t ion  w a s  normal du r ing  bo th  t e s t s ,  and no l a r g e  o r  damaging 
tempera ture  r i s e s  were recorded ,  t h e r e f o r e  i n f e r r i n g  t h e  payload may ope ra t e  
s a f e l y  i n  a space environment.. 

4.23 Dynamic Balance 

Two P i t o t - s t a t i c  nose cones have been examined f o r  dynamic unbalance a long  
t h e  s p i n  a x i s .  The first, ,  NASA lag, was t e s t e d  a t  GSFC whi le  t h e  second, 
NASA 14,21 w a s  examined a t t a c h e d  t o  i t s  Apache motor,  a t  t h e  Wallops I s l a n d  
f a c i l i t , y  ( s e e  F ig ,  56 and Fig ,  5 7 ) =  I n  bot-h c a s e s ,  i n i t i a l  unbalance measure- 
ments were small or i n s i g n i f i c a n t  when compared t o  t h e  rocke t  system, as w a s  
expected. The pay load ' s  b a s i c  geometry and symmetr ical ly  l o c a t e d  i n t e r n a l  i n -  
s t rumen ta t ion  prec lude  t h e  p o s s i b i l i t y  of  a s e r i o u s  unbalance e x i s t i n g ,  

Data taken from four t een  P i t o t - S t a t  i c  Probe f l i g h t s  g ives  an  a r i t h m e t i c  
mean va lue  of  9.1" f o r  t h e  inc luded  ang le  o f  t h e  p recess ion  cone, 
d e v i a t i o n  i s  5.2" with  a minimum cone of  2.5 '  and a maximum cone o f  20.3", 

The s t anda rd  
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KASA W-63-330 

Fig. 56.  Dynamic balance of nose cone a t  Wallops Island. 



EASA \I-/??- 3;rTi' 

Fig. 57. Dynamic balance  of nose cone and Apache at Wallops Island 



5.  SYSTEM PERFORMANCE 

The engineer ing design of t h e  P i t o t - s t a t i c  Probe payload i s  eva lua ted  
wi th  r e s p e c t  t o  data accuracy and system r e l i a b i l i t y .  Data accuracy i s  ex- 
amined s t r i c t l y  from an ins t rumen ta t ion  
a b s o l u t e  accuracy of t h e  measurement. A complete systems e r r o r  a n a l y s i s  ,'5 
i s  c u r r e n t l y  be ing  s t u d i e d ,  which w i l l  cover a l l  a s p e c t s  of t h e  experiment,  
and should b e  available soon. 

viewpoint w i th  l i t t l e  r e g a r d  t o  t h e  

It i s  convient  t o  cons ide r  a s p e c t  d a t a  s e p a r a t e  from o t h e r  d a t a  channels 
because i n  g e n e r a l ,  i n s t rumen ta t ion  e f f e c t s  on a s p e c t  accuracy can be ignored. 

5.1 ASPECT DATA ACCURACY 

Magnetometer d a t a  and s o l a r  aspect d a t a  are used primarily t o  determine 
t h e  r o c k e t  ang le  of a t t a c k .  
form, telemeter e r r o r s  a r e  n e g l i g i b l e ,  and t h e  accuracy of t h e  a n g l e  of a t t a c k  
measurement i s  l i m i t e d  t o  t h e  accuracy of t h e  sensor  i t s e l f ,  namely +lo. 

Since t h e  s o l a r  a s p e c t  information i s  i n  d i g i t a l  

- 

S t a t e d  without  p roof ,  t h e  magnetometer system has been used t o  measure 
t h e  a n g l e  o f  a t t a c k  t o  w i t h i n  5" .  
of s o l a r  a s p e c t  data t o  magnetometer d a t a  i n  previous f l i g h t s .  

This f i g u r e  being derived from comparisons 

5.2 TELEMETERED DATA ACCURACY 

I 
Ins t rumen ta t ion  parameters t h a t  e f f e c t  data accuracy are found p r i n c i -  

pal ly  i n  t h e  t e l e m e t e r  system and inc lude  b o t h  frequency response and n o i s e  
i n  a d d i t i o n  t o  a b s o l u t e  v o l t a g e  e r r o r s .  
each w i l l  be treated separately s o  t h a t  
expected error may be r e a l i z e d .  

Although t h e  s u b j e c t s  are i n t e r r e l a t e d ,  
t h e  c o n t r i b u t i o n  o f  each t o  t h e  t o t a l  

5.21 Response 

Mult iplexed o r  commutated data a re ,  by na tu re ,  e f f e c t e d  by response be- 
cause of t h e  swi t ch ing  involved. The e f f e c t  may b e  l imited,  however, by us ing  
proper  data sampling and SCO bandwidths. 

I n  t h i s  case,  t h e  commutator using a t h i r t y  channel  I R I G  format a t  2.5  
f rames/sec,  produces a d a t a  pu l se  width of approximately 8 msec. 
t h e  l e a d i n g  edge of t h e  p u l s e  i s  e f f e c t e d  more Uy swi t ch ing  t r a n s c i e n t s ,  
whereas,  it i s  p o s s i b l e ,  given enough time, f o r  t h e  t r a i l i n g  edge t o  be a t  
t h e  c o r r e c t  l e v e l .  Automatic decornutat ion equipment has  t h e  c a p a b i l i t y  t o  

Natural ly ,  
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"throw out" unwanted p o r t i o n s  of t h e  p u l s e .  
t i o n  of t h e  pu l se  may be measured s e p a r a t e l y  while  i gnor ing  t h e  t r a n s i e n t s .  

I n  o t h e r  words, t h e  s t a t i c  por- 

A SCO having a nominal i n t e l l i g e n c e  frequency response of 1 kc (modulation 
index o f  f i v e )  w i l l  c a r r y  e i g h t  harmonics of t h e  b a s i c  p u l s e  frequency wi th  
n e g l i g i b l e  d i s t o r t i o n . 9  Under t h e s e  cond i t ions  over 75% of  t h e  p u l s e  width 
remains a t  a cons t an t  l e v e l  (assuming t h e  d a t a a r e  c o n s t a n t )  which by a c t u a l  
measurement has less t h a n  0.1% e r r o r .  

5.22 Noise 

S o u r c e s o f n o i s e  t h a t  can e f f e c t  d a t a  accuracy emanate from t h e  Densatrons 
as part of t h e  output  s i g n a l ,  o r  t h e y  are introduced i n  t h e  modulated s i g n a l .  
Other n o i s e  sources  l i k e l y  t o  occur i n  t h e  in s t rumen ta t ion ,  such as r i p p l e ,  
s t r a y  s i g n a l  pickup, c r o s s  t a l k ,  and ground l o o p  e r r o r s ,  are a l l  minimized t o  
l e v e l s  far below t h o s e  mentioned above. 

5.221 Densatron Output Noise 

Densatron n o i s e  ou tpu t s  v a r y  d i r e c t l y  wi th  t h e  range of c u r r e n t  be ing  
measured; t h i s  e f f e c t  coupled wi th  component v a r i a t i o n s  produce unique n o i s e  
c h a r a c t e r i s t i c s  i n  each u n i t .  Table V I  l i s t s  t y p i c a l  n o i s e  v o l t a g e s  found 
i n  Densatrons. Besides t h e  conve r t e r  swi t ch ing  s p i k e s ,  t h e  p r i n c i p a l  c h a r a c t e r  
of t h e  no i se  i s  high frequency, random no i se .  

TABLE V I  

DENSATRON AMPLIFIER NOISE CHARACTERISTICS 

Current Noise Level, 
Range mv Peak-to-Peak 

10-8 2-5 Random n o i s e  
10-9 2-5 Random n o i s e  
10-10 2-5 Random n o i s e  
10-11 7-10 Random n o i s e  p l u s  l / f  n o i s e  
10-12 40-60 P r i m a r i l y  l/f no i se .  Level 

may i n c r e a s e  as h igh  as 
100 mv af ter  a m p l i f i e r  f re -  
quency compensation 

Note 1: Converter switching s p i k e s  l ess  than  1 psec d u r a t i o n ,  
1 t o  2 v magnitude a r e  p r e s e n t  on a l l  r anges .  

Note 2 :  Maximum s e n s i t i v i t i e s  a r e  amp f o r  ambient gage 
a m p l i f i e r  and amp f o r  ram gage a m p l i f i e r .  
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The e f f e c t  of t h e  no i se  on d a t a  accuracy i s  measurably reduced b y  t h e  
automatic  f i l t e r i n g  and i n t e g r a t i o n  of the  s i g n a l  as it passes th rough  telemeter 
and ground s t a t i o n  c i r c u i t s .  To i s o l a t e  and assess t h e  a c t u a l  d a t a  e r r o r  due 
t o  n o i s e  i s  extremely d i f f i c u l t .  However, experience has  shown t h a t  n o i s e  
e r r o r s  on c u r r e n t  ranges g r e a t e r  t h a n  amp a r e  i n d i s c e r n a b l e  wh i l e  t h e  
10’12 amp range i s  probably faced w i t h  a n  e r r o r  of - +0.3$. 

5.222 Telemeter System Noise 

Noise gene ra t ed  i n  t e l e m e t e r  becomes a p p r e c i a b l e  as s i g n a l  t o  n o i s e  (S/N) 
are reduced. Obviously, t h e n  s i g n a l s  must be kept  l a r g e  w i t h  r e s p e c t  t o  n o i s e  
f o r  optimum performance. 
telemeter system, f i r s t  t h e  SCO bandwidths, second t h e  RF c a r r i e r  d e v i a t i o n ,  
and t h i r d  t h e  RF s i g n a l  l e v e l  a t  t h e  r ece ive r .  

There are three p o s s i b l e  a r e a s  t o  cons ide r  i n  a FM/FM 

The SCO bandwidths, according t o  I R I G  standards,’3 are based on a modula- 
t i o n  index o f  f ive  t o  achieve t h e  h ighes t  s i g n a l  t o  no i se  r a t i o  p o s s i b l e ,  and 
s t i l l  p rov ide  adequate bandwidth within t h e  s u b c a r r i e r  frequency spectrum. 

A s  f o r  RF c a r r i e r  d e v i a t i o n s ,  I R I G  s t anda rds  are aga in  used which l i m i t  
t h e  maximum c a r r i e r  d e v i a t i o n  a t  + 125 kc. O f  course,  t h e  c a r r i e r  d e v i a t i o n  
must be d i v i d e d  between each SCO i n  the system. By us ing  s u b c a r r i e r  preem- 
phasis ,1°  w i t h  a minimum d e v i a t i o n  of 5 kc f o r  t h e  low-frequency channels ,  S / N  
r a t i o s  are somewhat equa l  f o r  each channel and y i e l d  comparable r e s u l t s .  I n  
p r a c t i c e  f i n a l  d e v i a t i o n s  a r e  based on t h e  outcome b f  experimental  t es t s  f o r  
removing c r o s s  modulation products  t h a t  c r e a t e  unwanted d i s t u r b a n c e s  i n  t h e  
s i g n a l .  

- 

Typica l  d e v i a t i o n  va lues  f o r  a given payload appear below: 

Actual  Ac tua l  Required 

Deviations 
Mod. Index Channel Cent. Freq. Calculated Deviation 

1 2  10.3 kc 10.9 kc 11 kc 1.045 
A 22 kc 33.3 kc 34 kc 1.54 
C 40 kc 80.8 kc 80 kc 2.0 

The RF power requirements a r e  covered s p e c i f i c a l l y  i n  an e a r l i e r  s ec -  
t i o n  (see Sec t ion  2.41) t h a t  concludes tnat a s i g n a l  s t r e n g t h  deficiency does 
n o t  ex i s t ,  a t  l e a s t  du r ing  t h e  measurement p o r t i o n  o f  t h e  f l i g h t .  
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From t h e  s t andpo in t  of n o i s e ,  d a t a  accuracy i s  not  apprec i ab ly  e f f e c t e d  
from any of the sources  mentioned above-a p o s s i b l e  except ion be ing  i n  t h e  
abnormal condi t ion when low s i g n a l s  are received.  

5,23 Voltage Errors 

Because d a t a  a c q u i s i t , i o n  by i t s e l f  i s  a complex process  which involves  
l a r g e  amounts of equipment, accumulative e r r o r s  can b e  l a r g e  even though 
i n d i v i d u a l  e r r o r s  are small. 
f o r  i n  t h e  design by using i n - f l i g h t  v o l t a g e  c a l i b r a t i o n s  which a u t o m a t i c a l l y  
compensate f o r  c i r c u i t  and component d r i f t s  i n  bo th  a i r b o r n e  and ground equip- 
ment # 

For tuna te ly ,  major e r r o r  sources  are accounted 

A s  s t a t e d  e a r l i e r ,  t h e  c a l i b r a t i o n  r e g u l a t o r  s u p p l i e s  r e f e r e n c e  v o l t a g e s  
f o r  SCO c a l i b r a t i o n s  t h a t  a r e  a c c u r a t e  t o  - +0.05% under s p e c i f i e d  environmental  
changes, 
e v e r ,  i n  p r a c t i c e  most o f  t h e  u n i t s  used are l i n e a r  t o  +0.1% o r  b e t t e r .  
accumulation of t h e s e  e r r o r s  y i e l d s  a probable  e r r o r  no t  g r e a t e r  t han  - +0.12%, 
which r ep resen t s  a l s o  a "worst case"  e r r o r  because,  (1) t h e  c a l i b r a t i o n  regu- 
l a t o r  i s  u s u a l l y  more a c c u r a t e  than  s t a t e d  f o r  t h e  reason t h a t  environmental  
extremes are n o t  experienced,  and ( 2 )  l i n e a r i t y  e r r o r s  are g r e a t l y  reduced 
because s i x  c a l i b r a t i o n  p o i n t s  a r e  used. 

The SCO l i n e a r i t y  s p e c i f i c a t i o n s  a r e  - +0*27$ of design bandwidth, how- 
The - 

Modulation and demodulation of t h e  RF s i g n a l  w i l l  not  add a p p r e c i a b l e  e r r o r  
as long as t w o  cond i t ions  are s a t i s f i e d  (1) a s t r o n g  RF s i g n a l  i s  r e c e i v e d  a t  
t ,he ground s t a t i o n ,  which i s  c e r t a i n l y  t r u e  du r ing  t h e  d a t a  p o r t i o n  of t h e  
f l i g h t ,  and ( 2 )  t h e  modulation index i s  s u f f i c i e n t  t o  c a p t u r e  s i g n i f i c a n t  
d a t a  sidebands.  The second cond i t ion  i s  guaranteed i n  t h e  des ign  by us ing  
IRIG s t anda rds .  The data e r r o r  at  t h i s  p o i n t  which i s  due e n t i r e l y  t o  t h e  
payload i s  est imated a t  0.12$* 

F u r t h e r  demodulation and s i g n a l  c o n d i t i o n i n g  through t h e  SPRL Data Condi- 
t i o n i n g  System,l4 w i l l  add a t h e o r e t i c a l  e r r o r  of 0.5%. 
e r r o r s  t o g e t h e r ,  we can c o n s e r v a t i v e l y  estimate t h a t  from t h e  SCO i n p u t  t o  t h e  
d i g i t a l  output  of t h e  ground s t a t i o n  a t h e o r e t i c a l  "worst c a s e "  e r r o r  of 0.56% 
i s  p o s s i b l e  alt,hough not expected. 

P u t t i n g  a l l  of t h e  

The complete system has been t e s t e d  i n  t h e  l a b o r a t o r y  wi th  a r e s u l t a n t  
e r r o r  of 0.3% which t a k e s  i n t o  account a l s o ,  t h e  e r r o r s  gene ra t ed  by n o i s e  
and response l i m i t a t i o n s  for which no s p e c i f i c  f i g u r e s  were given above. 

Since a l a r g e  percentage of t h e  e r r o r  i s  i n  t h e  ground s t a t i o n ,  it i s  pos- 
s i b l e  t o  reduce t h e  e r r o r  f u r t h e r  by c a r e f u l  maintenance and c a l i b r a t i o n  and/or 
f u t u r e  improvements i n  ground equipment, 



I 

5,2& Error Summary 

Angle of a t t a c k  measurements are accura t e  t o  +lo us ing  t h e  s o l a r  a s p e c t  - 
system, and w i t h i n  5' wi th  t h e  magnetometer system. 

The payload has  a t h e o r e t i c a l  t e l eme te red  data e r r o r  o f  +0.12% which i n -  - 
c reases  t o  0.56% i n  t h e  ground s t a t i o n .  
w i l l  probab&y have a RMS e r r o r  of around 0.75%, because of t h e  h i g h  n o i s e  
l e v e l  on t h i s  range. 

The Densa t rm amp c u r r e n t  range 

The in s t rumen ta t ion  e r r o r s ,  as s t a t e d ,  a r e  c h a r a c t e r i s t i c  of p a s t  payloads,  
and i n  g e n e r a l  are t y p i c a l  of t h e  e r r o r s  expected i n  f u t u r e  payloads u n t i l  such 
t i m e  as system r e d e s i g n  i s  necessary.  

5 .3  RELIABILITY 

System r e l i a b i l i t y  i s  no b e t t e r  than t h e  r e l i a b i l i t y  o f  component p a r t s ,  
and/or t h e  q u a l i t y  of workmanship that  c h a r a c t e r i z e  t h e  system. 
t o  e s t a b l i s h  a h igh  degree of re l iab i l i ty  i n  t h e  P i t o t - s t a t i c  Probe system, 
c o n s i d e r a b l e  emphasis i s  generated i n  t h e  fol lowing areas o f  payload develop- 
ment, (1) design,  ( 2 )  f a b r i c a t i o n ,  (3 )  i n s p e c t i o n ,  and ( 4 )  t e s t i n g .  

I n  an at tempt  

The des ign  philosophy has been t o  use simple c i r c u i t s ,  redundancy wherever 
economically feasible, provide adequate s a f e t y  margins, and otherwise fo l low 
s t a n d a r d s  and s p e c i f i c a t i o n s  as s e t  f o r t h  i n  a p p r o p r i a t e  NASA documents. I6,l7 

F a b r i c a t i o n  and i n s p e c t i o n  are supervised by personnel  c e r t i f i e d  by a NASA 
q u a l i t y  a s su rance  school.  High r e l i a b i l i t y ,  q u a l i t y  components are used i n  
c i r c u i t s ,  and s o l d e r i n g  s t anda rds  and procedures are implemented as o u t l i n e d  
i n  " Q u a l i t y  Requirements f o r  Hand Solder ing of E l e c t r i c a l  Connections" NASA 
Q u a l i t y  P u b l i c a t i o n  , 200-4, l6 
shock and  v i b r a t i o n  us ing  va r ious  p o t t i n g  compounds and c a b l e  l a c i n g  where 
necessa ry .  

The in s t rumen ta t ion  are b u i l t  t o  w i ths t and  

T e s t i n g  i s  implemented a t  va r ious  s t a g e s  of c i r c u i t  and payload develop- 
ment, and  i n d i v i d u a l  performance t . e s t s  of each c i r c u i t  and subassembly i s  
mandatory, 

V i b r a t i o n  t e s t i n g  and approximately 25 hr of in s t rumen ta t ion  t e s t . s  and 
check o u t  complete t h e  t e s t i n g ,  and provide a f i n a l  degree of confidence i n  
t h e  payload. 

Although t h e  program o u t l i n e d  above i s  designed t o  provide a re l iab le  
payload t h e  r e s u l t s  can never r e a l l y  b e  proven except by a c t u a l  launchings,  

Perhaps t h e n ,  t h e  b e s t  d e f i n i t i o n  of system r e l i a b i l i t y  i s  found i n  
t h e  h i s t o r y  of p a s t  f l i g h t s .  To d a t e ,  t h e  P i t o t - s t a t i c  Configurat ion has 
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been launched twen ty - f ive  times without  evidence of any payload malfunction. 
On t h r e e  occasions,  however, p r e s s u r e  d a t a  were not ob ta ined  because of rocke t  
malfunctions.  
second s t a g e  i g n i t i o n ,  The o t h e r  two rocke t s  “broke up” due t o  problems 
a s s o c i a t e d  with t h e  Apache. 
formed as expected and d a t a  undoubtably would have been acqu i red  had t h e  
r o c k e t s  funct ioned normally. 

The f i r s t  l o s s  of d a t a  occurred on NASA 14.29 which had no 

I n  each i n s t a n c e  t h e  payload in s t rumen ta t ion  pe r -  

5.4 SUMMARY OF SYSTEM PERFORMANCE 

Data q u a l i t y  has been examined wi th  r e s p e c t  t o  frequency response,  n o i s e ,  
and a b s o l u t e  v o l t a g e  e r r o r s ,  w i th  t h e  r e s u l t  t h a t  a worst  c a s e  e r r o r  o f  20.56% 
i s  p o s s i b l e ,  however, c e r t a i n l y  not. expected. This e r r o r  r e p r e s e n t s  a f i x e d  
e r r o r  due s t r i c t l y  t o  d a t a  cond i t ion ing  processes  i n  payload in s t rumen ta t ion  
and ground s t a t i o n  equipment, It does not r e f l e c t  t h e  e r r o r s  found i n  e i t h e r  
t heo ry ,  p re s su re  c a l i b r a t i o n s ,  o r  t h e  measurement technique a l l  of which are 
covered i n  a s e p a r a t e  report.’? 

P a s t  P i t o t  - S t a t i c  f l i g h t , s  have proven t h e  payloads c a p a b i l i t y  t o  o p e r a t e  
A program of q u a l i t y  c o n t r o l  u s ing  a p p r o p r i a t e  NASA i n  a rocket  environment, 

p u b l i c a t i o n s  f o r  g u i d e l i n e s  and NASA c e r t i f i e d  personnel  f o r  i n s p e c t i o n ,  has 
been implemented t o  enhance t h e  payloads r e l i a b i l i t y .  The r e s u l t s  of t h e  
program can probably b e s t  be summarized by n o t i n g  t h a t  none of t h e  t h r e e  
f a i l u r e s  recorded out  of twenty-f ive f l i g h t s  a r e  a t t r i b u t e d  t o  payload malfunc- 
t i o n .  



I 
I -  
I 
I 

6. LAUNCH OPERATIONS 

The f i n a l  launch p repa ra t ion  o f  P i t o t - s t a t i c  Probe payload beg ins  ap- 
proximately t h r e e  weeks p r i o r  t o  a scheduled launch, Each payload i s  completely 
assembled, checked ou t ,  and otherwise put i n  a f l i g h t  cond i t ion  b e f o r e  s h i p -  
ment t o  a launch si te.  Only a f e w  ope ra t ions ,  which cannot b e  done b e f o r e  hand, 
a r e  r e q u i r e d  at t h e  launch s i t e ,  Advantages t o  t h i s  procedure are (1) t h e  
payload i s  assembled under l a b o r a t o r y  c o n t r o l l e d  cond i t ions  and ( 2 )  range sup- 
por t  requirements are minimized, 

A t y p i c a l  t i m e  schedule  of even t s  preceding a launching i s  l i s t e d  below. 
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TABLE V I 1  

LAUNCH OPERATIONS TIME SCHEDULE 

Launch Time Function 

L-21 Days 

L-19 Days 

Payload f a b r i c a t i o n  and p re l imina ry  t e s t  com- 
p l e t e d .  

F i n a l  Densatronlgage assembly and p r e p a r a t i o n  
for c a l i b r a t i o n .  

L-16 Days Gage p res su re  c a l i b r a t i o n s  completed. 

L-16 Days Densatrons i n s t a l l e d  i n  nose cone. 

L-15 Days Opera t iona l  t e s t s .  

L-14 Days Vib ra t ion  t e s t  of complete payload except  f o r  
DOVAP transponder .  

L-14 Days DOVAP s e c t i o n  shipped t o  launch s i t e .  

L-13 Days Opera t iona l  t e s t s  a f te r  v i b r a t i o n .  

L-13 Days Gage p r e s s u r e  c o r r e l a t i o n  t e s t s .  

L-12 Days Payload shipped t o  launch s i t e  i n  evacuated 
vacuum shroud. 

L- 8 Days Payloads a r r i v e  a t  launch s i t e .  

L- 7 Days Personnel  a r r i v e  a t  launch s i t e .  

L- 6 Days 

L- 5 Days 

Payload o p e r a t i o n a l  t es t s  i n c l u d i n g  t e l e m e t e r .  
Vacuum system assembled. 

Vacuum pumping of nose cone beg ins  and con t inues  
u n t i l  launch day. 

L- 3 Days Magnetometer c a l i b  rat ion  t e s t  s . 
L- 2 Days Gage p r e s s u r e  c o r r e l a t i o n  t e s t s .  

L- 1 Day Complete h o r i z o n t a l  t e s t  w i t h  payload and r o c k e t  
assembled on launcher .  

L- 3 Hours F i n a l  assembly of payload t o  r o c k e t  on launcher .  
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TABLE VI1 (Concluded) 

Launch Time Function 

L- 2 Hours V e r t i c a l  i n s t rumen ta t ion  tsest 

L-20 Minutes Payload vacuum shroud removed, 

L-17 Minutes S t a r t  o f  launcher elevat. ion.  

L- 8 Minutes DOTTAP on e x t e r n a l  power. 

L- 5 Minutes Payload on externa.1 power, 

L- 3 Minutes Payload on i n t e r n a l  power, 

L- 2 Minutes DOVAP on i n t e r n a l  power. 

L- 1 Minute Payload i n  f l i g h t  condi tan,  

L- 0 Rocket launched, 

L + 390 Seconds 

Note 1: 
tem shown i n  Fig. 58 and Fig,  59. 

Approximate payload LOS 

The Densatron gage p r e s s u r e  c a l i b r a t i o n s  are performed us ing  t h e  sys -  

Note 2 :  
@omplet,ely assembled and t h e  probe s e c t i o n  surrounded by a vacuum shroud 
( F i g ,  60), 

The gage p r e s s u r e  c o r r e l a t i o n  t e s t s  are performed wi th  t ,he payload 
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Fig. 58.  
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Pressure calibration system--front view of control Panel. 
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Fig .  59. Pressure  c a l i b r a t i o n  system-front view. 
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Fig.  60. Por t ab le  vacuum system. 
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7, rlJTURF CONSIDERATIONS 

The b a s i c  phi losophy governing t h e  des ign  of t h e  P i t o t - s t a t i c  Brobe sys -  
t e m  has  been  t o  const,ant, ly up-grade t h e  experimenfs c a p a b i l i t i e s  and accuracy  
without, e f f e c t i n g  i t s  o p e r a t i o n a l  s t a t u s ,  The payload,  as it i s  desc r ibed  
h e r e i n ,  r ep resen t s  t h e  des ign  as it s t ands  t o  day which i s  t h e  r e s u l t  o f  many 
inco rpora t ed  changes s i n c e  t h e  programs incept ion .  The s u b j e c t s  d i scussed  be- 
low are phys ica l ly  r e a l i z a b l e  and undoubtedly w i l l  b e  g r e a t  s t e p  forward i n  
improving t h e  s c i e n t i f i c  va lue  of  t h e  experiment ,  

7 0  1 WIND MEASURFIMENT 

S tand ing  foremost i n  scheduled changes f o r  P i t o t  - S t a t i c  Probe payloads 
i s  t h e  a d d i t i o n  o f  a wind measurement system capable  o f  measuring atmospheric  
winds i n  t h e  region between 90 km and L10 km, The system i s  now under develop-  
ment and should be completed by l a t e  1967. 

Inc luded  i n  t h e  development i s  a s p e c i a l l y  des igned  hot f i l amen t  p r e s s u r e  
gage and amplifier combination, The measurement w i l l  b e  made us ing  a s i n g l e  
p r e s s u r e  p o r t  l o c a t e d  immediately behind t h e  ambient p r e s s u r e  p o r t s  t h a t  w i l l  
g i v e ,  because  o f  t h e  v e h i c l e  sp inn ing ,  a wind modulated output .  

A l s o  added t o  t h e  payload w i l l  b e  a desp in  module ( F i g s .  5h and 5 5 )  t h a t  
uses  a yo-yo despin technique ,18  t o  reduce t h e  v e h i c l e  s p i n  ra te  from a h igh  
of 10 rps t o  about 2 rps. F l i g h t  t e s t s  o f  t h e  mcdules have been made on P i t o t -  
S t a t i c  R o b e  rockets  NASA Lh,  168 and NASA Lh ~ 6 9  

Another instrument , ass@cia+ ed wi th  t h e  wind measurement and c u r r e n t l y  
i n  t h e  development s t a g e ,  i s  a meon sensor  aspec t  system t o  b e  used for 
n igh t t ime  launchings.  The expected completion datf i s  l a t e  1966, * 

7.2 AMPLIFIER SYSIEM 

Cur ren t ly  i n  t h e  des ign  s t h g e  i s  z new a m p l i f i e r  system f o r  t h e  r a d i o -  
a c t i v e  i o n i z a t l o n  gages. The amplif ier .  employs a new range  swi t ch ing  concept 
t ha.t s h o r t e n s  ampl i f i e r  recovery  t ime between range changes. A d d i t i o n a l  c u r -  
r e n t  ranges w i l l  a l s o  be  used t c  impr.2ve bo th  r e s o l u t i o n  and accuracy  o f  t h e  
measurement The a m p l i f i e r  i s  scheduled f 'or complet ion i n  e a r l y  1967- 

u. 
The f i r s t  lunar sensor  was s d c c e s s f u l l y  f l i g h t  t e s t ed  Feb, 1, 1967, on NASA 
14d 316. 
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7* 3 I O N I Z A T I O N  GAGES 

An at tempt  t o  extend t h e  u s e f u l  measurement range,  b o t h  i n  lower and 

americium as t h e  r a d i o a c t i v e  source,  The f i r s t  f l i g h t s  w i th  t h e  new ga.ge are 
scheduled f o r  mid-1966. Overlapping ambient p r e s s u r e  measurements w i l l  b e  
performed using an  americium gage from 20 km t o  55 km and a normal t , r i t i u m  
s c u r r e  gage i n  t h e  r eg ion  between 40 km and 85 km, 
t h e  americium source gage w i l l  even tua l ly  r e p l a c e  t h e  t r i t i u m  source gage 
a l t o g e t h e r  i n  t h e  experiment, 

I -  
i h ighe r  a l t i t u d e s ,  w i l l  b e  made wi th  a n e w  gage c o n f i g u r a t i o n  t h a t  uses 
I 

It i s  now expected t h a t  

It i s  a l s o  proposed, a t  t h i s  t ime,  t o  develop a h o t  f i lament  gage t o  b e  
used p r i m a r i l y  i n  t h e  wind measurement,, The advantages of t h i s  t ype  of gage 
are improved s e n s i t i v i t y  and much b e t t e r  e l e c t r i c a . 1  and chamber response,  
P re l imina ry  work has a l r e a d y  been completed, 
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8, APPENDIX 

8.1 NOSE CONE HFATING 

Temperature changes wi th in  t h e  nose cone caused by aerodynamic h e a t i n g  
have been measured by t h e r m i s t o r  c i r c u i t s  similar t o  Fig.  19. The d a t a  are  
graphed i n  Fig, 62 to F i g ,  69, The recorded temperatures  appear normal f o r  
a Nike-Apache payload, 1.9 

Ear ly  measurements, such as t h o s e  on ~6,340 and NASA 1h021, were l i m i t e d  
i n  accuracy because of poor t h e r m i s t o r  response and c a l i b r a , t i o n s ,  Recorded 
temperatures  are  probably nc b e t t e r  t han  + l O ° C e  The YSI the rmis t , o r s  used on 
NASA 14 ,251  and NASA 1h0285 have a guaranTeed 1% accuracy b e s i d e s  having a 
fas t  response.  I n  t h e s e  c a s e s ,  t h e  recorded temperatures  a r e  most l i k e l y  
wi th in  - 42OC except i n  peak h e a t i n g  per iods where response i s  aga in  a l i m i t a t i o n ,  
Measurement r e s o l u t i o n  dec reases  with i n c r e a s i n g  temperatures;  t h e r e f o r e ,  more 
a c c u r a t e  d a t a  can be expected a t  t h e  lower recorded temperatures .  
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Rocket Number: NASA 14.322 
Locat ion:  Ft, Church i l l  
Date : 2-1-67 
Time  : 11582 
Resul t  : 
Peak Alt it ude : 

Suce es s f u l  
N/A 

Messurements : Dual Impact 
pres s u r  e 
Ambient P res su re  

1 n s t rumen t,a t i on : Densa,t,ron Model F 
Hot Filament B 
Americium Gages 
2 " 5  I R I G  Commutator 

Aspect 1 1 P x i s  
Magnetometer 
So La.r Sensor 

Comment, s : Laiinc hed 6 t h  
i n  se r ies  of  6 
'l-a.cuum Shroud - - - 



t 
i 

8.3 EQUIPMEN?' SPECIFICATIONS 

8.3: Transmit ter  
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TRANSISTORIZED 

TRANSMITTER 
model TRPT-501 

CRY ST AL-CONTROLLED 

output: 0.5 watt. 
= Frequency Range: 215 to 

- Weight: 9 ounces. 
260 MHz. 

Model TRPT.501 is an all-silicon, transistorized, phase-modulated telemetry transmitter 
capable of transmitting the intelligence from any telemetry subcarrier system in the 
215 to 260 MHz telemetry band. The unit has a power output of 0.5 watt..lt is mechani- 
cally rugged and ultra-stable over wide temperature ranges. The transmitter is capable 
of. supplying maximum power output with the use of available transistors in the tele- 
metry band. 

ELECTRICAL SPECIFICATIONS 
POWER OUTPUT: 0.5 watt nominal. 
OUTPUT IMPEDANCE 50 ohms nominal. 
FREQUENCY RANGE 215 to 260 MHz. 
TUNE UP TOLERANCE &0.005%. 
CARRIER DEVIATION: % 150 kHz maximum; t 125 kHz nominal. 
TYPE OF MODULATION: Phase. 
INPUT IMPEDANCE 5 kilohrns minimum. 
MODULATION 

MODULATION 
CHARACTERISTICS: See modulation chart. 

SENSITIVITY: 0.2 volt rms for a modulation index of 1 measured a t  
1 kHz. 

100 Hz to 200 kHz. 

Less than 1.5% for the following modulation index: 
Frequency Index 
400 Hz to 5.4 kHz 
7.35 kHz to 22 kHz 
30 kHz to 70 kHz 
+28 volts dc -e 10% a t  150 ma. 

MODULATION 

MODULATION 
FREQUENCY RANGE 

DISTORTION: 

4 
2 
1 

POWER REQUIREMENTS: 
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MECHANICAL SPECIFICATIONS 

SIZE: 

WEIGHT 
MOUNTING: 

CONNECTORS: 

CONTROLS: 

Cylindrical 2 6 inches diameter x 1 5 inches long 
Square 2 6 inches x 2 6 inches x 1 5 inches 

Approximately 9 ounces 

Any flat surface by use of three through bolts 

See outline drawing 

Eight screwdriver adjustments accessible. by removing 
nameplate 

ENVIRONMENTAL SPECIFICATIONS 
The unit will maintain the following performance characteristics 

FREQUENCY STABILITY: 0 005% 

DISTORTION: Less than 3% 
POWER OUTPUT: & 1 5 d b  

FM NOISE: Less than 2% per channel 
when subjected to any of the environments listed below 

TEMPERATURE: 20°C t o  4 80°C 
HUMIDITY: 

ALTITUDE: Sea level t o  vacuum 
VIBRATION: 

90% relative humidity t o  50°C 

From 5 t o  30 Hz at  0 2 inch double amplitude 
From 30 t o  2000 Hz at  25 g 
Four 15 minute sweeps in  each of the major axes 

200 g for 11 milliseconds 
3 shocks in each major axis 

100 g for 1 minute in any axis 

SHOCK: 

ACCELERATION: 

ORDERING IN FORM ATlON 

WHEN ORDERING SPECIFY: Model Frequency 
TRPT-501 

Shape 
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8,32 Mixer Amplifier 
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SUBMINIATURE TRANSISTORIZED 

MIXER AMPLIFIER 

TYPE TA-58 

GENERAL DESCRIPTION: 

The subminiature transistorized mixed amplifier is a high-gain, feed-back audio 

amplifier. It is used for summing the outputs of subcarrier oscillators. 

The unit has been designed for us: in airborne equipment such as guided missiles 

and other similar equipment. It meets all applicable military specifications. 

The unit is characterized by extreme ruggedness. The supporting framework is 

light but sturdy and transistors and other component parts have been anchored securely 

to withstand existing environmental conditions such as; shock, vibration, acceleration, 

temperature, and humidity. 

Selection of materials, finishes, and relative position of components have been based 

upon effective heat transfer characteristics and anti-corrosive properties. 



1. PERFORMANCE CHARACTERISTICS: 

GAIN:  

FREQUENCY RESPONSE: 

INPUT IMPEDANCE: 

OUTPUT IMPEDANCE: 

INPUT SIGNAL: 

OUTPUT SIGNAL: 

HARMONIC DISTORTION: 

NOISE: 

STAB1 LlTY: 

POWER REQUIREMENTS: 

Adjustable to approximately 20 x by means of two resistors 
mounted beneath the mrk rhassis. 

Less rhan 20.25 d b  from 100 rc i30,bOO cps. 

10 kilohms. 

Less than 5000 ohms. 

100 millivolts min. 

2 .0  volts rms. 

Less than 0.5% at 1.5 volts rms ourpur. 

Equivalent noise inpur 30 microvolrs. 

& l o %  variation in supply voltage will cause no change in 
unit gain. 

+ 28 volts dc at 10 ma. 

I I .  ENVIRONMENTAL CHARACTERISTICS: 

ACCELERATION: 

SHOCK: 

VIBRATION: 

Capable of wirhstanding at least 200 g 

Capable of wirhstanding ar least 200 g 

Capable of withstanding 25 g in each major axis from 5 5  to 
2000 cps. 

Operating range from -55°C ro t 125°C. TEMPERATURE: 

111. PHYSICAL CHARACTERISTICS: 

SIZE: Space requirements have been given utmost consideration re- 
sulting in an extremely compact unit. 

Overall dimensions: 7/8" x 1-1 16'' x 1-3/8", excluding con- 
nector and potentiometers. 

The outline drawing is included in the bulletin. 

The total weisht is approximarely 1 '/2 ounces. WEIGHT: 



IV. INSTALLATION AND OPERATION: 

MOUNTING: Mounting against flat surface with one screw extending through 
the unit. 

CONNECTOR: De-Jur connector. 

TEST POINTS: Two test points available for input and output voltage measure- 
ments. 

V. SPECIAL REQUIREMENTS: 

All of the above specifications may be modified to suit specific installations and 

systems. 
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VECTOR MANUFACTURING COMPANY, INC. 
DWG.NO. TO-178 TECHNICAL DATA 

DATE 
T A - 5 0  7-9-62 UNIT 

I 
INPUT 
TEST 
POINT 

TOP VIEW 

CONTINENTAL CONNECTOR 
MMS-22P 

/ \ 

&- 

'I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

6 
, 

I 
f LK 

1 l . 4 l p '  

1 
N0.2-56 

r Y O U N T l N 5  SCREW 

BOTTOM VIEW 

[@ . 8 c p A  0) 
0 0 0  

PIN CONNECTIONS 

SERIES A 

A- NO CONNECTION 
B- +2EV M: 
C- SIG OUTPUT 

D- SIG INPUT 
E- GROUND (SIG , PWR 8 CHASSIS) 

SERIES E 

CHASSIS GROUND 4- 
B- +28V oc 
C- SIG OUTPUT 

D-SIG INPUT 

E-GROUND (SIG 8 PWRl 

CONNECTOR 
.22P 

MIXER AMPLIFIER, T A - 5 8  , OUTLINE DRAWING AND PIN CONNECTIONS. 
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8.33 Voltage Control led Oscillator 
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TRANSISTORIZED 

VOLTAGE CONTROLLED 

SUBCARRIER OSCILLATOR 

Type TS-54 

GENERAL DESCRIPTION: 

The TS-54 Subcarrier Oscillator is a transistorized, voltage controlled oscillator 

designed for telemetry applications. The oscillator converts intelligence in the forms 

of varying dc voltages into frequency modulated subcarrier signals for further transmission 

by wire or radio to distant receiving stations. The major functional sections contained 
in the 73-54 are a voltage regulator, a compensated amplifier, a free-running multi- 

vibrator, and an output filter. 

The oscillator has been designed for use in aircraft, missile, re-entry vehicle, and 

satellite programs and meets all applicable military specifications, and is available in all 
standard IRIG channels. The oscillator is also characterized by extreme ruggedness due 

to the supporting framework being light but sturdy, and the transistors and other 

components having been anchored securely to withstand environmental conditions such 

as shock, vibration, and acceleration. 

Selection of materials, finishes and relative position of components have been based 

upon affective heat transfer characteristics and anti-corrosive properties. 

. .  
. .  FILMED. 



I. PERFORMANCE CHARACTERISTICS: 

INPUT IMPEDANCE: 

INPUT VOLTAGE: 

OUTPUT IMPEDANCE: 

OUTPUT VOLTAGE: 

MODULATION SENSITIVITY: 

DRIFT: 

DISTORTION: 

LINEARITY: 

STABILITY: 

INTELLIGENCE FREQUENCY 
RESPONSE: 

AMPLITUDE MODULATION: 

SENSITIVITY TO SOURCE 
IMPEDANCE CHANGE: 

SENSITIVITY TO OUTPUT 
IMPEDANCE CHANGE: 

INTELLIGENCE FREQUENCY 
COMPONENT IN OUTPUT: 

POWER REQUIREMENTS: 

1 megohm &20% or 500 kilohms min. available. 

0 to 5 V, i 2 . 5  v, 0 to 3 v or i1.5 v. 

47 kilohms. 

0 . 8 5 ~  p-p with a 10 kilohm load. 0 to 2 volts rms at test point. 

0 to 5 voltsdc for &7.5% or &15% deviation. 
k 2 . 5  volts dc for k7.596 or 15% deviation. 
0 to 3 volts dc for *7.5% deviation. 
t 1.5 volts dc for k7.596 deviation. 
Special units available with +-4OC(' deviation. 

Within k0.2596 of design bandwidth for a period of 8 
hours at ambient temperature following a warm-up period of 
15 minutes. 

A t  center frequency the total harmonic distortion of output is 
less than 0.75';. 

Less than i0.25C;' of design bandwidth from best straight 
line. This linearity is maintained at temperatures from -20°C 
to f 80 "C  

A change in supply voltage o f  +loch will vary the center 
frequency less than i-0.5C.;. of design bandwidth at rem- 
peratiires from -20°C to +80"C. 

For modulation index of 5.0 or greater, the intelligence fre- 
quency response is within 0.1 d b  of the dc response. 

Less than % 5 c;.  

Changing the soiirce impedance from zero to infinity varies 
the frequency less than 1.0V, of design bandwidth. 

10 to 1 change in the load impedance will cause less than 1% 
change in output frequency. 

Harmonics of intelligence frequency are suppressed 40 d b  
helow output signal. 

28 volts dc 2 1 O r ;  at 15 ma. 

II. PHYSICAL CHARACTERISTICS: 

SIZE: Overall dimensions: 'A'' D x 1 - 1  '16'' W x 1 3 x "  H, excluding 
connector. 

1.75 02 .  

This unit is completely encapsulated. 
WEIGHT: 

SPECIAL FEATURE: 

111. ENVIRONMENTAL CHARACTERISTICS: 

TEMPERATURE: 

HUMIDITY: 

The operating range is from -55°C to 4-125"C. At any 
information input, the otitpiit frequency is stable within k 157~ 
of design bandwidrh (based on best reference) for a tem- 
perature change of 0°C to -180°C; likewise, the output fre- 
quency is stable within i 2 c i '  of dbw (based on best refer- 
ence) for a temper:itiire change of  -20°C to 4 8 0 ° C .  Special 
units are av:iil:tble with stability of 2 1 y;, of dhw (based 
on best reference) for ;I tcmpxature change from -20°C 
to +SO"<:. 
When e x p o d  to relative humidity of 95% for 2 hours 
a t  +SO"<: cc'i1tc.r frc'qiicncy is stable within :I: of design 
bandwidth. 
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ALTITUDE: 

VIBRATION: 

SHOCK: 

With constant temperature and at any altitude from sea level 
up, center frequency is stable within 20.5% of design 
bandwidth. 

Center frequency is stable within +OS % of design bandwidth 
when subjected to 30 g rms vibration from 5 5  to 2000 cps 
in each major axis. 

After a shock of 200 g of 10 millisecond duration in the 
direction of each major axis, center frequency is stable within 
*0.5% of design bandwidth. 

ACCELERATION: Under constant acceleration of 100 g in each direction of each 
major axis, center frequency is stable to within 21% of dbw. 

IV. INSTALLATION AND OPERATION: 

MOUNTING: 

CONNECTION: 

CONTROLS: 

Against a flat surface with one captive screw extending 
through the unit. 

Continental Type MM5-22P connector is used for input and 
output signal and power supply connections. 

OUTPUT - Provides adjusting the TS-54 output voltage 
leveL 

LOWER 3AND-Provides adjustment of the lower fre- 
quency deviation limit. 

UPPER BAND-Provides adjustment of the upper frequency 
deviation limit. 

TEST POINT: Enables monitoring output voltage and frequency. 

V. SPECIAL REQUIREMENTS AND OPTIONAL FEATURES: 

All of the above specifications can be modified to suit specific installations and 
Because of the extremely high stability of the TS-54 oscillator, special units 

These oscillators 
systems. 
are available without the deviation limit and output potentiometers. 
are adjusted at the factory to the customers specifications. 

VI. ORDERING INFORMATION: 

To order specify; Model TS-54 Frequency, Deviation, and Input signal voltage and 
polarity. 

Patent Pending 

Specifications are subject to change without notice. 
Verification of specifications will be given with each order. 
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OUTPUT 
TEST 
POINT 

TOP VIEW 

CONTINENTAL CONNECTOR 
MMS-22P 

1 1.415 “AX. PIN CONNECTIONS 

SERIES A 

A- +28V DC 
B- NO CONNECTION 
C- SIG OUTPUT 

SIG INPUT D- 
E- GROUND [SIG , PWR 8 CHASSIS) 

SERIES B 
MOUNTING SCREW A- +28V DC 

B - CHASSIS GROUND 

SIG OUTPUT C- 
D-SIG I N W T  

E-GROUND (SIG 8 PWR) 

0. 

CONTINENTAL CONNECTOR 
MMS-22P 

BOTTOM VIEW 
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8-54 Magnetometer C a l i b r a t i o n  



CALIBRATION DATA 

FIELD IN OUTPUT SIQNAL 
MILLIQAUSS IN VOLTS D C 

600 4.975 

550 4.792 

500 4.615 

450 4.412 
400 4.209 

350 3.980 

300 3 . 753  

250 --- 3.508 

200 3.301 

I50 3 080 

100 2.874 

50 2.691 

0 2.500 

- 50 2.312 

-100 2.131 

-150 1.922 - 

-200 1.709 

-250 r.502 
-300 1.264 

-350 1.025 

-400 -,-8L 
.588 -450 - 

Q HE L I FLUX 
MAGNETIC ASPECT SENSOR 

TYPE RAM- 53 CX 

Y Axis SERIAL NQ 2 

(BIAS LEVEL) 

DIRECTION OF MAQNETIC FIELD FOR 
VOLTAGE SIGNALS ABOVE BIAS LEVEL 

NOTE: 
CALIBRATION MADE WITH A loOK 
OHM RESISTOR FROM SIQNAL 
OUTPUT TO NEQATIVE TERMINAL 
OF BATTERY SOURCE, AND A IOOK 
OHM RESISTOR FROM BIAS O v T M  
TO NEGATIVE TERMINAL OF BATTERY 
SOURCE 

-500 

-550 

. 393 

.204 
SCHONSTEDT INSTRUMENT COMPANY 

SILVER SPRING, MARYLAND -__-__ 
-600 018 

CALIBRATION MADE WITH BATTERY SUPPLY OF 28*0 VOLTS DATE DeCb 17, 1963 

11262 
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8.35 Aspect Sensor and  S h i f t  R e g i s t e r  





SHIFT REGISTER 

MODEL 235 

'The Model 235 Shift Regis ter  works with one Model 135 or 
Model 131B Aspect Sensor  for spinning vehicles.  

SPEC IF1 CA TIONS 

INPUT: 

Powe r : 

OUTPUT: 

Format :  

+26 to  t 4 0  VDC,  0 .5  watt 
Solar  aspect  bi ts  shifted 
in  i n  para l le l  upon signal 
f r o m  command eye. 

Ser ia l  seven bit Gray 
coded word indicating 
angle plus end of word 
bit ,  50% duty cycle.  
Ea r th  output superposed 
a s  shift in reference levels .  



Voltage levels into 
10 K ohms: 

Ea r th  telescope Ear th  telescope 
activated not activated 

R e fe r ence 1.25 t. 1 v 3 .9  t . l  v 
"zero" 0 .  25 +. 1 v 2 . 9  7. 1 v 

2. 25 7. 1 v 4 . 9 7 . 1  - v "one" - 
Shift out ra te :  1 to  1000 bits pe r  second 

selectable by changing 
capacitor. Internal os- 
cillator may be discon- 
nected and external  shift 
out pulses used with 
character is t ics  a s  follows: 

amplitude : t 5 v 
pulsa width: 5 us 
r i s e  time: 5 us 
P rf :  10 Kc 

SIZE : 2" x 3 1/4"  x 4 518" 

WEIGHT: 15 1 / 2  oz 

CONSTRUCTION: Printed circuit boards 
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ASPECT SENSOR 

MODEL 135 

The Model 135 Aspect Sensor is used on spinning vehicles. 
The sensor combines a Model 131B sensor with the addition 
of a telescope which senses the presence of the earth in  its 
field of view. The telescope utilizes a silicon solar cell as 
the photodetector. 

SPECIFICATIONS 

SOLAR ASPECT SENSOR 

Field of view: - t64O 

Accuracy at transition: 
Angular resolution: 1 0  

- t. 25' 

EARTH TELESCOPE 

Field of view: 

SIZE: 

WEIGHT: 

0 l o  t.25 conical 
field of view. 

1 15/16" x 2 7/16" 
x 1 11/16" 

4 02.  

SPIN RATE: 12 rps  or  l e s s  



DRILL ( C5K FOR 
N 9 6  F H W S  
4 MOLES 
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8.4 VA.CUUM TEST: 
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TO 

FROM : 

SUBJECT : 

MEMORANDUM 
REPORT NO. 322-5-62 

May 16, 1962 

Test and Evaluation Division Files 

Thermal-Vacuum Test Section 
Thermodynamics Branch 

Nike-Apache Neutral Particle Pitot - 
Static Experiment (NASA - 14.19 UA) , 
Results of Thermal-Vacuum Tests 

INTRODUCTION 

Fliqht Objectives : 

The flight objectives of the Pitot.- Static Experiment 
are as follows: 

1. To measure atmospheric pressure, temperature and 
density in the region of 30 - 120 KM altitude. 

2. Measurement of high altitude atmospheric winds. 

3. Test of the interferometer Dovap system as a means 
of gathering trajectory data for the Pitot - Static 
probe experiment. 

4. Test of the optical aspect system. 

Environment: 

Sounding rockets launched during the month of May at 
Wallops Island are subject to 95% probability of launch 
temperature extremes of O°C to 35OC. Since aerodynamic 
heating is not a factor because of short flight time launch 
temperature extremes were used for test parameters. 

150 



Atmospheric pressure during the planned experimental 
flight varies from sea level ambient to 2.1 x low5 mm Hg 
at an altitude of 120 KM. 

Payload Personnel: 

Payload functional tests were conducted by the following 
University of Michigan Engineers: 

J. C. Maurer - System Engineer 
G .  F. Rupert - Instrumentation Engineer 
J. J. Horvath - Project Engineer 

PROCEDURE 

The thermal-vacuum tests were performed at GSFC on 
5 May and 6 May 1962 in the Stokes 8' x 8' Vacuum Chamber. 
The following procedure was observed: 

1. 

2.  

3. 

4 0  

5 0  

6. 

7 0  

80 

Initial check-out of experiment in thermal-vacuum 
chamber at ambient conditions. 

Evacuate chamber to approximately 40 microns and 
backfill with dry nitrogen. 

Reduce chamber temperature to O°C f2C and stabilize, 

Energize. experiment and evacuate chamber to less 
than 2 x 10-5 mm Hg. 

Payload personnel to perform functional tests 
coincident with chamber evacuation. 

This phase of test to continue for not less than 
30 minutes from start of evacuation. 

Return to atmospheric pressure. 

Repeat steps 3 through 7 using a temperature of 
35Oc 2 2 ~  in step 3 .  
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RESULTS 

Run #1 - Five hours were required to reduce the payload 
temperature to O°C and stabilize. chamber evacuation was 
started at 1630 hours (5/4/62) and continued for 35 minutes, 
reaching a final pressure of 1.8 x 10'5 mm Hg. 
engineers performed functional tests at ten minute intervals 
during evacuation. 
payload functioned without incident. 

Payload 

A l l  test objectives were met and the 

Run #2 - Payload temperature was increased to +35OC and 
stabilized at atmospheric pressure. Chamber evacuation was 
started at 2348 hours (5/4/62) and continued for 32 minutes 
reaching a final pressure of 5.6 x 10-5 mm Hg. 
engineers performed functional tests at ten minute intervals 
during evacuation. Tests were performed without incident. 

Payload 

CONCLUSIONS 

The Pitot - Static Probe experiment was subjected to 
thermal-vacuum environmental testing which was in acceptable 
agreement with proposed flight conditions and met all 
performance requirements. 

It was noted on run #2 that the minimum chamber pressure 
recorded was 5.6 x low5 mm Hg, which is in excess of the 
2 x 10-5 mm Hg specified under "Procedure." 
final l o w  pressure of run #1 (1.8 x mm Hg) and the 
uninterrupted performance of the payload it is felt the 
pressure differential of run #2 is not of sufficient magnitude 
to invalidate the test results. 

In view of the 

W. W. AUER 
Thermal-Vacuum Test Section 

wwA:kmf 



. 

I -  Distribution List: 

Director's Reading File 
Office of Technical Services 
Thermodynamics Branch (3) 
Thermal-Vacuum Test Section (2) 
Systems Evaluation Branch (2) 
GSFC Coordinator (W. S Smith) 
GSFC Project Manager (No W. Spencer) 
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Elec t ron ic s  

Electronics 

Nike-Apache P i t o t - s t a t i c  Probe 
(NASA 14.19 UA) 

Thermo Couple Locations 

0 

I - 

TC #12 Chamber Ambient 

TC #5 N o s e  Surface 

TC #6 Skin Surface 

TC #7 Skin Surface 

TC #2 Outside Gauge Orif ice  

TC #1 Ins ide  Gauge Or i f i ce  

TC #3 Base of Electrometer 
Amplifier 

TC #9 Transmi t t e r  Base Plate  

TC #4 Heat Sink of Power 
Converter 

TC #10 Frame Surface DOVAP - TC #11 Chamber W a l l  

NOT TO SCALE 



1. 

2, 

30 

4. 

5. 

6, 

7. 

8. 

9. 

10 0 

11, 

12 0 

13 0 
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