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1 - 0  INTRODUCTION 

This  r e p o r t  i n v e s t i g a t e s  and ana lyzes  t h e  pe r fo r -  

mance of  t h e  HCO High Reso lu t ion  Wavelength Spectrometer  

and t h e  BBRC SPC 324 D/B S o l a r  Po in t ing  Con t ro l  on m S A  

Aerobee F l i g h t  4,185 US .  F l i g h t  e v a l u a t i o n  i n d i c a t e s  

t h e  on ly  system f a i l u r e  t o  have been i n  t h e  p o i n t i n g  

c o n t r o l ,  The reasons  f o r  t h i s  f a i l u r e  are d i scussed ,  

I t  is  p o s s i b l e ,  s t udy  shows, t o  p reven t  f u t u r e  failures 

of  t h i s  n a t u r e  w i th  improved r e l i a b i l i t y  c o n t r o l  and 

more c l e a r l y  def ined  l i n e s  o f  a u t h o r i t y  between Harvard 

and i t s  subcon t r ac to r s .  An o u t l i n e  o f  suggested new 

procedures  is  enclosed.  



2 - 0  HISTORY 

The Aerobee F l i g h t  4,185 US was launched a t  16:31 

hours UT on September 24, 1968, a t  White Sands M i s s i l e  

Range. The payload conta ined  t h e  HCO (Harvard Col lege 

Observatory)  high r e s o l u t i o n  wavelength spectrometer ,  

wh ich  u t i l i z e d  t h e  BBRC ( B a l l  Bro thers  Research Corpora- 

tion) SPC 324 D/B s e r i e s  s o l a r  p o i n t i n g  c o n t r o l  (SPC), 

FLIGHT PERF0 

The i n i t i a l  phases  of t h e  f l i g h t  appeared normal 

with azimuth coa r se  a c q u i s i t i o n  a s  expected,  When t h e  

nose cone was r a i s e d  and the  ins t rument  was r e l ea sed ,  it 

was observed t h a t  t h e  p o i n t i n g  accuracy was o u t  of l i m -  

i t s ,  w i t h  excurs ions  i n  bo th  azimuth and e l e v a t i o n  g r e a t  

enough t o  cause  t h e  SPC coa r se  eye system t o  be a l t e r n a -  

tely enabled and d i s a b l e d  throughout t h e  f l i g h t ,  

A l l  d a t a  i n d i c a t e  p e r f e c t  o p e r a t i o n  o f  t he  s c i en -  

t i f i e  in s t rumen ta t ion .  Data w a s  ob t a ined  when t h e  po in t -  

ing c o n t r o l  was p r o p e r l y  p o i n t i n g  i n  t h e  " f i n e  eye"  mode, 

t h a t  is  when t h e  p o i n t i n g  e r r o r  i n  e l e v a t i o n  was w i t h i n  

t w o  a r c  minutes peak-to-peak (one a r c  minute e i t h e r  s i d e  

ef t h e  c e n t e r  o f  t h e  s o l a r  d i s c )  and wi th in  e i g h t  a r c  

minutes peak-to-peak ( f o u r  a r c  minutes e i t h e r  s i d e  of  

t h e  c e n t e r  of  t h e  s o l a r  d i s c )  i n  t h e  azimuth a x i s .  ( c f .  



Appendix I f o r  a  d e s c r i p t i o n  o f  t h e  d a t a  c o l l e c t e d , )  

A t  t h e  command t o  res tow t h e  ins t rument  and re- 

t u r n  t h e  nose cone t o  a down and locked condi t ion ,  t he  

ins t rument  stowed, b u t  t h e  cone d i d  no t  d r i v e  down, 

INSTRUMENT RECOVERY 

The ins t rument  had broken o u t  o f  t h e  stowed posi- 

t i o n  dur ing  r een t ry ,  probably on parachute  deploym.ent, 

Because of t h i s ,  and because t h e  nose cone d i d  n o t  come 

down, t h e  ins t rument  was sub jec t ed  t o  s u r f a c e  hea t ing ,  

b u f f e t i n g ,  and d e s e r t  contamination.  The f i b e r g l a s s  

thermal  s h i e l d  w a s  burned and r ipped  away, b u t  t h e  rest 

of  t h e  ins t rument  e x h i b i t e d  ve ry  l i t t l e  damage when it 

was brought  back t o  t h e  Navy Headquarters b u i l d i n g  a f t e r  

t h e  sho t .  The ins t rument  w i l l  be r e fu rb i shed  and re -  

launched. (F igure  1 shows two views of  t h e  ins t rument  

a t  t h e  recovery  s i t e , )  





5.0 FAILURE ANALYSIS 

F l i g h t  e v a l u a t i o n  shows t h e  on ly  system f a i l u r e  to 

be i n  t h e  p o i n t i n g  c o n t r o l ,  The cause  o f  t h e  f a i l u r e  

was an improper assembly o f  t h e  p o i n t i n g  c o n t r o l  b a t t e r y  

pack, which powers t h e  c o n t r o l ,  when one c e l l  was phy- 

s i c a l l y  r eve r sed ,  

The b a t t e r y  pack i s  composed of  20 Yardney IKI-3 

s i l v e r c e l l s  wi th  a  nominal b a t t e r y  v o l t a g e  of 30 v o l t s ,  

With one c e l l  reversed ,  t h e  b a t t e r y  had a maximum volt- 

age of  27  v o l t s .  

A review of t h e  evidence i n d i c a t e s  t h a t  t h e  one 

c e l l  was reversed  a f t e r  t h e  h o r i z o n t a l  t e s t ,  and t h i s  

r e v e r s a l  was n o t  d e t e c t e d  by t h e  remaining p r e f l i g h t  

checks.  During t h e  h o r i z o n t a l  tes t  t h e  b a t t e r y  paek is 

l a i d  on i t s  s i d e  making p o s s i b l e  a c i d  leakage.  There- 

fo re ,  a f t e r  checks t h e  b a t t e r y  c e l l s  a r e  t aken  a p a r t  

and t h e  whole assembly c leaned.  When t h e  b a t t e r y  paek 

was reassembled it w a s  n o t  checked. The p o s i t i v e  ker- 

minals  should have been co lored  red,  s o  than  an obvious 

check could  have been made. 

The b a t t e r y  took a  charge o f  40.5 v o l t s  a f t e r  t h e  

c l ean ing ,  I t  opera ted  p rope r ly  through t h e  v e r t i c a l  

checks,  and w a s  recharged,  An open c i r c u i t  check of 

v o l t a g e  aga in  read  40,5 v o l t s ,  The b a t t e r y  pack pla.teafi 



vo l t age  i s  approximately  30 v o l t s ,  and t h e  peak "per-  

oxide" l e v e l  vo l t age  i s  37.5 v o l t s .  Thus t h e  b a t t e r y  

was overcharged,  

The f i n a l  p r e f l i g h t  check o f  t h e  b a t t e r y  was run 

a t  T-30 by t h e  BBRC eng inee r ,  This  check i s  made by 

r e c y c l i n g  ( i . e . ,  charg ing  and d i scha rg ing )  t h e  b a t t e r y  

fo r  two minutes,  The end v o l t a g e  was r ead  a t  28 v o l t s .  

( T h i s  i s  compared t o  a  nominal b a t t e r y  v o l t a g e  o f  30 

volts,) The engineer  concluded t h a t  t h e  b a t t e r y  a c t e d  

l i k e  a "co ld  b a t t e r y "  and t h e  pack was n o t  i n spec t ed ,  

This  cons lus ion  was a  mis take i n  judgment, s i n c e  

the rocke t  was i n  a c o n t r o l l e d  room a t  6 0 ' ~  on t h e  tower. 

In t h e  p a s t ,  b e f o r e  t h e  c o n t r o l l e d  room w a s  added, lower 

temperatures  e a r l y  i n  t h e  morning were n o t  u sua l ,  i .e, ,  

w 30'~- A n  i n s p e c t i o n  o f  t h e  b a t t e r y  pack should have 

been made a t  t h i s  p o i n t .  

BBRC c la ims  t h a t  t h e  v i b r a t i o n s  caused b y  t h e  s p i n  

rate of t h e  r o c k e t  a f f e c t e d  t h e  p o i n t i n g  c o n t r o l .  Pre- 

flight ground tests had determined t h a t  t h e  maximum nose 

cone motion, o r  i t s  p o i n t  of  resonance, occur red  wi th  a  

rocket s p i n  r a t e  o f  2.4 r p s  t o  2.5 r p s ,  The f l i g h t  p l an  

c a l l e d  f o r  a  s p i n  r a t e  between 1.8 t o  2.0 r p s .  

F l i g h t  d a t a  show t h e  r o c k e t  s p i n  rate t o  have been 

2-5 rps a f t e r  burnout,  2 - 0  r p s  a f t e r  yo-yo r e l e a s e ,  and 

f i n a l l y  2.48 r p s  a f t e r  t h e  apron s t a g e  w a s  despun, There- 



fo re ,  nea r  maximum nose cone motion w a s  encountered,  

However, had t h e  b a t t e r y  been p r o p e r l y  wired,  

t h e  p o i n t i n g  c o n t r o l  would have helped t o  damp t h e  v i -  

b r a t i o n  of t h e  cone. This  would have improved t h e  

po in t ing .  

BBRC i n d i c a t e s  t h a t  ano the r  reason f o r  t h e  in -  

c r eased  cone motion might have been t h e  i n t r o d u c t i o n  of 

a n  o f f s e t  between t h e  v e h i c l e  s p i n  a x i s  and t h e  payload,  

Performance t e s t s  a t  BBRC show t h a t  t h e  major cause  of 

o f f s e t  has been misalignment between t h e  payload see- 

t i o n s  a f t  of  t h e  p o i n t i n g  c o n t r o l .  The r e s p o n s i b i l i t y  

f o r  t h e  a l ignment  o f  t h e  payload s e c t i o n s  r e s t s  w i th  

NASA. 

The servo-system's c a p a c i t y  t o  cope wi th  t h e  i n -  

s t r u m e n t ' s  moment o f  i n e r t i a  w a s  ques t ioned ,  Experiments 

i n d i c a t e d  however, t h a t  t h e  p o i n t i n g  c o n t r o l  can handle 

t h e  ins t rument  , 

The inc reased  v i b r a t i o n ,  caused by  t h e  s p i n  rate, 

loosened t h r e e  yoke p i n s  connect ing the  l i f t  rod t o  t h e  

body o f  t h e  upper s e c t i o n .  M r .  Ralph Shook of  BBRC be- 

l i e v e s  t h a t  t h e  nose cone would have restowed i f  t h e  

yoke p i n s  had n o t  loosened,  This  op in ion  i s  based on che 

f a c t  t h a t  t h e  res tow mechanism w i l l  work f o r  vo l t ages  as  

low a s  15 v o l t s .  Two of  t h e  p i n s  were d r iven  o u t .  The 

t h i r d  p i n  was d r iven  i n  s o  f a r  t h a t  t he  l i f t  rod c a m e  



down on it when t h e  command t o  res tow was given,  There- 

fore,  it was impossible  f o r  t h e  nose cone t o  res tow,  

6 - 0  CONCLUSIONS AND FUTURE PROCEDURES 

The pr imary f a u l t  f o r  t he  f a i l u r e  must l i e  w i t h  

t h e  t e c h n i c i a n  r e spons ib l e  f o r  assembling the  b a t t e r y  

pack fo l lowing  t h e  h o r i z o n t a l  t e s t ,  However, t h e  r e -  

s p o n s i b i l i t y  t o  p reven t  t h i s  k ind  o f  e r r o r  l i e s  w i t h  t h e  

o v e r a l l  o rgan iza t ion .  

The key problem was t h a t  t h e  r e l i a b i l i t y  c o n t r o l  

over khe assembly of  t h e  p o i n t i n g  dev ices  was n o t  suf -  

f i c i e n t .  I t  should have been a t  l e a s t  e q u a l  t o  t h e  r e -  

L i a b i l i t y  p o l i c y  a p p l i e d  t o  t h e  s c i e n t i f i c  ins t rument ,  

Control f o r  t h e  ins t rument  is  w i t h  HCO, and BBRC should 

prcvi.de a  s i m i l a r  independent c o n t r o l  of  t h e  SPC system, 

Analyses of  t h e  f l i g h t  i n d i c a t e  t h a t  t h e r e  were 

four major reasons  f o r  f a i l u r e s  : 

1 )  The improper assembly and i n s p e c t i o n  of  t h e  
p o i n t i n g  c o n t r o l ;  

( 2 )  An inadequate  procedure  f o r  checking s y s  tems ; 

( 3 )  Excessive  v i b r a t i o n  caused by r o c k e t  s p i n  
r a t e  ; 

( 4 )  The loosen ing  o f  t h r e e  yoke p i n s ,  

In order t o  improve t h e  chances f o r  t h e  succes s  of  f u t u r e  

miss ions  u s ing  t h e  BBRC p o i n t i n g  c o n t r o l ,  t h e s e  s i t u a t i o n s  



must be c o r r e c t e d ,  The fol lowing p l ans  have been made 

t o  accomplish t h e  necessary  c o r r e c t i o n s :  

1 > To a s s u r e  a  proper  assembly, a n  assembly check 

l i s t  has been agreed  upon, A t  each s t e p  i n  t h e  assern- 

b l y  o p e r a t i o n  t h e  check l i s t  must be  cosigned by two 

p r o j e c t  t echn ic i ans .  This  w i l l  p rov ide  a s t e p  by  s t e p  

r e l i a b i l i t y  c o n t r o l  over  t h e  assembly ope ra t ion ,  

2 1 A new p lan  has  been i n i t i a t e d  f o r  e v a l u a t i n g  

checks c a r r i e d  o u t  a f t e r  assembly i s  completed. Dur- 

i ng  t h e  h o r i z o n t a l  and v e r t i c a l  t e s t s ,  t h e  va lues  of  

a l l  commutator p o i n t s  w i l l  be e n t e r e d  on a l i s t .  This 

l i s t  s p e c i f i e s  t h e  a l lowable  l i m i t s  f o r  a l l  v a l u e s ,  

I f  improper va lues  appear,  a f i x  w i l l  be made and  the  

t e s t  run a g a i n ,  I f  t h e  va lue  remains u n s a t i s f a c t o r y ,  

t h e  launch w i l l  be postponed. This  procedure  has t h e  

advantage of  e l i m i n a t i n g  much of  t h e  human d e c i s i o n  

making a t  t h e  launch.  

3 1 A complete a l l - u p  check w i l l  be  made a t  f u t u r e  

launches.  The payload w i l l  be taken o u t  o f  doors and 

a complete t e s t  of a l l  systems w i l l  be  made under s i m -  

u l a t e d  f l i g h t  cond i t i ons .  (This  w i l l  i nc lude  v ib ra -  

t i o n  t e s t s ,  i n  t he  t h r e e  axes  i n  f l i g h t  con f igu ra t ion ,  

conducted indoors , )  

4 )  Excess ive  v i b r a t i o n  caused by rocke t  s p i n  r a t e  

proved a  problem dur ing  t h e  l a s t  f l i g h t ,  Therefore ,  

a  d i f f e r e n t  yo-yo desp in  system w i l l  b e  used on t h e  



next r o c k e t  i n  o rde r  t o  c o n t r o l  t h e  s p i n  r a t e  and t h e  

v i b r a t i o n ,  The 30% yo-yo system used on t h e  l a s t  

f l i g h t  w i l l  be rep laced  by a  50% yo-yo system, 

5 1 To p reven t  yoke p i n s  from loosening,  t h e  yoke 

h a s  been redes igned ,  

6) Lines  of a u t h o r i t y  f o r  t h e  p r o j e c t  must con t inue  

t o  be made c l e a r ,  This w i l l  a s s u r e  r e l i a b i l i t y  c o n t r o l  

a t  a19 l e v e l s .  F i n a l  d e c i s i o n  making a u t h o r i t y  a t  the  

l a u n c h  w i l l  r e s t  wi th  t h e  p r o j e c t  eng ineer .  However, 

a t  a 1 1  o t h e r  t i m e s ,  pe rsonne l  i n  o t h e r  o rgan iza t ions ,  

c o n t r a c t i n g  t o  do work f o r  HCO, w i l l  be r e s p o n s i b l e  t o  

t h e  HCO eng inee r s ,  The r e s p o n s i b i l i t y  of  t h e  HCO en- 

g inee r ing  s t a f f  i s  t o  s e e  t h a t  a l l  work s p e c i f i c a t i o n s  

e s t a b l i s h e d  by Harvard a r e  f u l f i l l e d ,  



APPENDIX 2 

Data Received on Aerobee F l i q h t  4.185 

A more d e t a i l e d  account  o f  t h e  r e s u l t s  from t h i s  

f l i g h t  and t h e i r  s c i e n t i f i c  imp l i ca t ions  w i l l  appear  i n  

papers  publ i shed  i n  S o l a r  Physics  (Parkinson and Reeves, 

1969; Ginger ich e t  a l ,  1969) .  An abbrev ia t ed  ve r s ion  of 

them is  presen ted  here ,  

The ou tpu t  of  t h e  pho tomul t ip l i e r - ampl i f i e r  system 

was measured bo th  by r a t e  meters  and by a  q u a s i - d i g i t a l  

system. These ou tpu t s  and t h e  g r a t i n g  p o s i t i o n ,  as in-  

d i c a t e d  by a  s h a f t  encoder,  were fed  t o  t he  r o c k e t  tele- 

metry and recorded wi th  u n i v e r s a l  t i m e  a t  t h e  ground 

s t a t i o n s  a t  White Sands,  

A s  has been d i scussed  i n  some l e n g t h  e a r l i e r  i n  

t h i s  r e p o r t ,  t h e  b i - a x i a l  p o i n t i n g  c o n t r o l  opera ted  on ly  

i n t e r m i t t e n t l y  dur ing  t h e  f l i g h t .  However, t h e  time re- 

sponse of  t h e  spectrometer  d e t e c t i o n  system was more 

than s u f f i c i e n t  t o  a l low many i n t e n s i t y  measurements to 

be made i n  t h e  continuum throughout t h e  wavelength range 

1400; t o  1875; from the  c e n t r a l  p o r t i o n  o f  t h e  s o l a r  

d i s c ,  I n  o rde r  t o  e x t r a c t  c o r r e c t  and unambiguous s o l a r  

i n t e n s i t i e s  from t h e s e  records  s t r i c t  c r i t e r i a  were ap- 

p l i e d  i n  s e l e c t i n g  the  d a t a  from t h e  f i n a l  f l i g h t  r eco rds ,  

These c r i t e r i a  were a s  follows: 



1, The twenty a r c  minutes long b y  seven a r c  seconds 

wide s l i t  w a s  w i th in  + 3  a r c  minutes o f  t h e  s u n ' s  c e n t e r  

as e s t ima ted  from t h e  p o i n t i n g  c o n t r o l  r eco rds ,  

2, An a c c u r a t e  wavelength s c a l e  was f i t t e d  t o  t h e  

complete r eco rd  by app ly ing  l a b o r a t o r y  obse rva t ions  

w h i c h  were taken dur ing  t h e  p r e f l i g h t  c a l i b r a t i o n .  In-  

t e n s i t y  measurements were a t tempted  on ly  i n  r eg ions  where 

expected f e a t u r e s  could be c l e a r l y  recognized by r e f e r -  

ence t o  t h e  wavelength s c a l e .  

3 ,  Data on o r  p o s s i b l y  i nvo lv ing  the  wings of  emis- 

sion l i n e s  were excluded from t h e  f i n a l  s c i e n t i f i c  ana l -  

ys  i s ,  

4, Whenever a n  a b s o r p t i o n  l i n e  w a s  c l e a r l y  recorded,  

a n  e s t i m a t e  was made of t h e  continuum i n t e n s i t y  a t  t h e  

top and bottom of  t h e  l i n e .  

5 ,  Whenever necess'ary t h e  i n t e n s i t y  was c o r r e c t e d  

for  a tmospher ic  abso rp t ion  by u s i n g  t h e  r e s u l t s  o f  a 

computer program devised  by D r .  G .  Withbroe. 

S ince  a p e r i o d  of  12 mi l l i s econds  r e p r e s e n t s  a 

s p e c t r a l  scan  of  0.06k (1 r e s o l u t i o n  e lement)  it w a s  nec- 

essary t o  s e l e c t  reg ions  when t h e  p o i n t i n g  was s a t i s f a c -  

tory f o r  a t ime s u f f i c i e n t  t o  guaran tee  t h a t  enough good 

data p o i n t s  were ob ta ined  t o  i n s u r e  t h a t  i n t e n s i t y  meas- 

urements were n o t  made i n  a n  a b s o p r t i o n  o r  emission l i n e ,  

Therefore ,  a l l  continuum i n t e n s i t i e s  r epo r t ed  r e p r e s e n t  



reg ions  i n  which t h e  recorded i n t e n s i t y  w a s  approxi-  

mately  c o n s t a n t  over  a t  l e a s t  3 succes s ive  s l i t  wid ths ,  

A s  i n d i c a t e d  above i n  I tem 4, i f  an  a b s o r p t i o n  p r o f i l e  

was involved,  bo th  t h e  maximum and minimum va lue  of 

t h e  continuum i n t e n s i t y  i s  ind ica t ed .  

12 

Figure  A-1 

Figure  ~ - 1  shows t h e  d a t a  (logl0 ergs/cmL s e c  crn 

s t e r a d i a n )  p l o t t e d  a g a i n s t  wavelength. The s o l i d  curves 

r e p r e s e n t  t h e  va lues  ob ta ined  f o r  an equ iva l en t  b l ack  

body of temperature  4 4 0 0 " ~ ~  4 6 0 O 0 ~ ,  and 4 8 0 0 " ~ .  Included 

on t h e  graph a r e  two va lues ,  i n d i c a t e d  by t r i a n g l e s ,  from 



our OSO-IV spectrometer-spectroheliometer (Goldberg e t  

a9, 1969)  . I t  w a s  indeed encouraging t o  no te  t h a t  a t  

1400;~~ t h e  i n t e n s i t i e s  from both  ins t ruments  a r e  i n  sub- 

s t a n t i a l  agreement. 

There i s  c l e a r l y  an a s  y e t  unexplained d i sc repancy  

between our  obse rva t ions  and those  of  t h e  NRL group. 

Our  i n t e n s i t i e s  a r e  i n  g e n e r a l  lower by a f a c t o r  of  3 

than t h e  most c u r r e n t  e s t i m a t e  by Whiting and P u r c e l l  

(1969) , I n  t h e  reg ion  of  t h e  temperature  minimum, t h i s  

r e p r e s e n t s  approximately  2 5 0 ' ~ .  Cor robora t ive  observa- 

tional evidence f o r  t he  lower temperature  minimum have 

been r e p o r t e d  by Eddy, Lena, and MacQueen (1969) .  The i r  

airborne obse rva t ions  made around 300 microns y i e l d  a 

b r i g h t n e s s  temperature  of  4 3 0 0 ' ~ .  

A s  a  r e s u l t  of t h e s e  obse rva t ions  from widely  sepa- 

rate p o r t i o n s  of t h e  s o l a r  spectrum, t h e  new lower va lue  

f o r  t h e  temperature  minimum has been accep ted  i n  t h e  fo r -  

mulation of  a new model o f  t h e  S o l a r  Atmosphere by Gin- 

g e r i c h  and o t h e r s  a t  Harvard and Smithsonian Observa tor ies .  

The new model i s  known as t h e  "Harvard-Smithsonian Ref- 

erence Atmosphere, " 
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APPENDIX II 

Thouqhts on t h e  F a i l u r e  of Aerobee F l i q h t  4.185 

The on ly  system t h a t  f a i l e d  on t h i s  f l i g h t  was the 

azimuth p o i n t i n g  c o n t r o l .  The f a i l u r e  was caused by an  

improper assembly of t he  b a t t e r y  pack, which was n o t  

d e t e c t e d  by the  supe rv i so ry  people  i n  t h e  p o i n t i n g  con- 

t r o l  group. 

The t e c h n i c i a n  r e spons ib l e  f o r  assembling t h e  bat- 

t e r i e s  was newly t r a n s f e r r e d  t o  t h e  p o i n t i n g  c o n t r o l  

group. He should n o t  have had t h e  f u l l  conf idence s f  his 

supe rv i so r s .  Therefore ,  it i s  p o i n t l e s s  t o  a t t r i b u t e  t o  

him any f a u l t  except  t h e  misasembly. 

F a u l t  f o r  a  l ack  ,of r e l i a b i l i t y  procedures  h i e s  

wi th  t he  supe rv i so ry  people  of  t h e  p o i n t i n g  c o n t r o l  group, 

and wi th  t h e  persons  r e spons ib l e  f o r  t h e  o v e r a l l  o rgan i -  

z a t i o n  o f  t h e  p r o j e c t .  

To some e x t e n t ,  it was Harvard ' s  f a i l u r e ,  HCO 

should have more c l e a r l y  understood t h e  l i n e s  o f  a u t h o r i t y  

a t  BBRC f o r  t he  i n t e g r a t e d  package ( t h e  ins t rument  and 

t h e  p o i n t i n g  c o n t r o l )  . 
The two elements of  t h e  i n t e g r a t e d  package should 

have been under t h e  a u t h o r i t y  of a  s i n g l e  person.  The re- 

l i a b i l i t y  c o n t r o l  of t h e  ins t rument  w a s  s u p e r i o r  t o  t h e  

r e l i a b i l i t y  c o n t r o l  of  t h e  produc t ion  and assembly of t h e  

p o i n t i n g  c o n t r o l .  I f  a  g r e a t  d e a l  o f  e f f o r t  goes i n t o  t!rce 



t e s t i n g ,  assembly, and g e n e r a l  q u a l i f i c a t i o n s  of  t h e  in -  

s t rument ,  t h e  same l e v e l  of t e s t i n g  supe rv i s ion  of  as -  

sembly and gene ra l  q u a l i f i c a t i o n s  should go i n t o  t h e  

p o i n t i n g  c o n t r o l .  The p o i n t i n g  c o n t r o l  group cannot  be 

autonomous, I t  must be a d j u s t e d  by t h e  o v e r a l l  p r o j e c t  

manager t o  s u i t  t h e  l e v e l  of s o p h i s t i c a t i o n  decided upon 

by t h e  management i n  conjunc t ion  w i t h  Harvard, 

Harvard does supply t h e  q u a l i t y  c o n t r o l  f o r  t h e  

ins trurnent, HCO ' s c a l i b r a t i o n ,  de te rmina t ion  of reso-  

lution, and wi tnes s ing  of  t h e  no i se  l e v e l  i n  t h e  i n -  

s t rument  under a  v a r i e t y  of cond i t i ons  a r e  e x c e l l e n t  

measures of  t h e  i n s t r u m e n t ' s  r e l i a b i l i t y .  However, HCO 

cannot s e r v e  a s  a  r e l i a b i l i t y  c o n t r o l  f o r  t h e  p o i n t i n g  

control device ,  s i n c e  t h e  HCO s t a f f  does no t  r e g u l a r l y  

work wi th  servo-mechanisms, 

BBRC should prov ide  a  person f o r  independent re -  

l i a b i l i t y  c o n t r o l  of  t h e  p o i n t i n g  c o n t r o l  group. He should 

report d i r e c t l y  t o  t he  P r o j e c t  Engineer,  who should be i n  

charge of  t h e  i n t e g r a t e d  package, The p o i n t i n g  c o n t r o l  

group" i n t e r n a l  r e l i a b i l i t y  c o n t r o l  has  proven adequate  

i n  t h e  p a s t ;  however, it proved inadequate  f o r  t h i s  f l i g h t .  

The r e l i a b i l i t y  c o n t r o l  person,  a s s o c i a t e d  wi th  t h e  

pointing c o n t r o l  should supe rv i se  t h e  s p e c i f i c a t i o n s  and 

t e s t s  f o r  t h e  p o i n t i n g  c o n t r o l .  The P r o j e c t  Engineer 

f r o m  BBRC, who supe rv i se s  t h e  whole p r o j e c t ,  must be a t  

W h i t e  Sands f o r  t h e  launching.  He should r e s e r v e  f o r  



himself  t h a t  p a r t  of t h e  a u t h o r i t y  which BBRC has i n  the 

launch de te rmina t ion ,  The engineer  should be advised  by 

t h e  r e l i a b i l i t y  c o n t r o l  person j u s t  p r i o r  t o  launch as 

t o  whether t h e r e  should be a  hold of t h e  launch.  

The q u a l i t y  c o n t r o l  person,  who a d v i s e s  t h e  Project. 

Engineer,  should be  a loof  from t h e  g e n e r a l  p r e s s u r e  of 

t h e  launch p repa ra t ions .  There is  a  g r e a t  d e a l  o f  momen- 

tum b u i l t  up i n  t h e  hours and minutes and seconds be fo re  

t h e  launch,  The momentum i s  ve ry  hard t o  f r u s t r a t e  fo r  

those  who a r e  immediately involved wi th  t h e  p r e p a r a t i o n s  

and checks.  A q u a l i t y  c o n t r o l  person,  who has mainta ined 

a loo fnes s  and o b j e c t i v i t y ,  i s  i n  a  b e t t e r  p o s i t i o n  to 

make t h e  de te rmina t ion  t o  s t o p  t h a t  momentum than  are the 

people involved i n  t hose  p repa ra t ions .  





APPENDIX III 

A l e t t e r  r e p o r t  on in s t rumen ta t ion  and f l i g h t  performance 
of t h e  S o l a r  P o i n t i n g  Con t ro l  SPC 324 D/B, Telemetry Sys-8 
tem TEL 333, and NASA Aerobee F l i g h t  4.185 US. This  re- 
p o r t  was prepared  by B a l l  Bro thers  Research Corporat ion,  
and has been r e p r i n t e d  here  f o r  r e f e rence  purposes .  

November 22, 1968 

INTRODUCTION 

The B a l l  Bro thers  Model SPC 300 D/B s o l a r  p o i n t i n g  contacanB 
was designed and b u i l t  t o  provide a c c u r a t e  o r i e n t a t i o n  of 
s c i e n t i f i c  i n s t rumen ta t ion  toward t h e  c e n t e r  of  t h e  s o l a r  
d i s c  du r ing  t h e  upper a tmospher ic  p o r t i o n  o f  an  Aerobee 
sounding r o c k e t  f l i g h t ,  This  model p o i n t i n g  c o n t r o l  provides 
f o r  maximum ins t rument  p r o t e c t i o n  dur ing  r e e n t r y  and landing 
by r e t a i n i n g  t h e  nose cone i n  a  r a i s e d  p o s i t i o n  dur ing  in -  
s t rumen ta t ion  d a t a  a c q u i s i t i o n  and r e t u r n i n g  t h e  ins t rument  
and nose cone t o  locked cond i t i ons  upon completion of d a t a  
a c q u i s i t i o n ,  

The B a l l  Brothers  Model TEL 300 t e l eme t ry  system provides  
FM/FM r a d i o  t ransmiss ion  of  ins t rument  e l e c t r o n i c  da t a  ou t -  
p u t s ,  s o l a r  p o i n t i n g  c o n t r o l  performance d a t a  ou tpu t s ,  and 
v e h i c l e  performance d a t a  ou tpu t s  du r ing  t h e  rocke t  flight, 

The primary o b j e c t i v e  of  t h e  s c i e n t i f i c  ins t rument  on board 
was t o  o b t a i n  s o l a r  s p e c t r a l  d a t a  i n  t h e  reg ion  of 1400~ t o  
1900A u s i n g  a  high r e s o l u t i o n  Ebe r t  spectrometer  i n  eonjunc- 
t i o n  wi th  a n  o f f  a x i s  c o l l e c t i n g  t e l e scope  and a cont inuous ly  
scanning g r a t i n g .  The s p e c t r a l  d a t a  from t h e  pho tomul t ip l i e r  
tube  was fed  through a hybr id  d i g i t a l - a n a l o g  d a t a  system and 
t r a n s m i t t e d  t o  ground r e c e i v e r s  v i a  t h e  t e l eme t ry  system, 



HISTORY 

S o l a r  P o i n t i n g  Con t ro l  SPC 324 D/B and Telemetry System TEL 
333 w e r e  f a b r i c a t e d  and d e l i v e r e d  i n  accordance wi th  Harvard 
C o l l e g e  Observatory purchase o r d e r  2-88881 on May 16, 1967, 

SYSTEM INTEGRATION 

Prel-irninary i n t e g r a t i o n  t e s t s  of  SPC 324 D/B and TEL 333 wi th  
t h e  f l i g h t  ins t rument  were begun on May 1, 1967, 

Cn May Ist ,  t h e  eyeblock was f i t t e d  t o  t h e  ins t rument  and t h e  
ins t rument  then  mated t o  t h e  p o i n t i n g  c o n t r o l .  A t  t h i s  p o i n t  
necessary mechanical  adjustments  were made t o  p rov ide  proper  
clearances between t h e  ins t rument  and nose cone. The rou t -  
ing of t h e  i n t e r f a c e  c a b l i n g  between t h e  eyeblock, ins t rument  
an2 pointing c o n t r o l  w a s  determined and t h e  f a b r i c a t i o n  of 
these c a b l e s  was begun, 

On May 2 ,  1967, t h e  c a b l e  f a b r i c a t i o n  w a s  completed and in -  
stalled on t h e  ins t rument .  I n i t i a l  e l e c t r i c a l  t e s t s  were be- 
gun w i t h  v e r i f i c a t i o n  t h a t  t h e  ins t rument  was o p e r a t i n g  pro- 
2 e r l y  through t h e  p o i n t i n g  c o n t r o l  wi r ing .  The p o i n t i n g  con- 
t r o l  was then ope ra t ed  through i t s  normal sequence and t h e  
ins t rument  monitored f o r  any abnormal i n d i c a t i o n s .  During 
t h e s e  t e s t s  it was discovered t h a t  exces s ive  n o i s e  was i n t r o -  
5uced i n t o  t h e  ins t rument  through t h e  ins t ruments  t e s t  i n p u t  
connec tax, 

Tie remainder o f  t h e  week was s p e n t  i n  i s o l a t i n g  n o i s e  i n -  
terference problems. I t  was f i n a l l y  decided t h a t  a means 
mus t  be devised  t o  open t h e  t e s t  p u l s e  i n p u t  l i n e  t o  t he  in-  
strument t o  e l i m i n a t e  t h e  antenna e f f e c t  of  t h e  l i n e .  

O n  xay filth, t h e  p o i n t i n g  c o n t r o l ,  ins t rument  and t e l eme t ry  
s y s t e m  were a l l  opera ted  t o  o b t a i n  r eco rds  of t h e  compata- 
b i l i t y  between systems p r i o r  t o  c a l i b r a t i o n  o f  t h e  ins t rument .  
A t  this po in t ,  i n t e g r a t i o n  t e s t i n g  was te rmina ted  t o  a l l o w  
for c a l i b r a t i o n  o f  t h e  ins t rument .  

Integration t e s t i n g  resumed on August 22 ,  1968, w i t h  random 
vibration t e s t s  of t h e  p o i n t i n g  c o n t r o l  and t e l e m e t r y  sys-  
t e m ,  These  t e s t s  were conducted t o  f u l f i l l  t h e  requirements  
set forth by t h e  NASA F l i g h t  Readiness Review Board a t  NASA 
Goddard, 



During t h e  week o f  September 2, 1968, t h e  ins t rument  corn- 
partment assembly w a s  a t t a c h e d  t o  t h e  nose cone evacua t ion  
system t o  determine u l t i m a t e  p r e s s u r e s  t h a t  could be obtained 
i n  t h e  nose cone,  These t e s t s  a l s o  se rved  t o  remove as much 
t rapped  a i r  as p o s s i b l e  i n  t h e  ins t rument  and i n  gene ra l  
c l e a n  t h e  e n t i r e  ins t rument  compartment and ins t rument ,  

On September 6, 1968, i n t e g r a t i o n  t e s t i n g  a g a i n  resumed 
wi th  a  review o f  ins t rument ,  p o i n t i n g  c o n t r o l  and te lemet ry  
system i n t e r f a c e s .  A t  t h i s  time, a d d i t i o n a l  modif icat ioas  
were made t o  i nco rpo ra t e  t h e  u se  of  a  yo-yo desp in  system, 

On September 9th,  t h e  neces sa ry  mod i f i ca t ions  were comple- 
t e d  and t h e  p o i n t i n g  c o n t r o l  and t e l eme t ry  systems were 
checked t o  v e r i f y  proper  o p e r a t i o n  p r i o r  t o  connect ion of 
t h e  f l i g h t  ins t rument ,  

On September 10, 1968, t h e  ins t rument  w a s  mated t o  t h e  point- 
i n g  c o n t r o l  and mechanical  i n t e r f e r e n c e s  were rechecked t o  
a s s u r e  proper  s e t  of  t he  ins t rument  i n s i d e  t h e  nose cone, 
I n t e r f a c e  c a b l e  r o u t i n g  was aga in  checked t o  t h e  s a t i s f a c t i o n  
o f  a l l  concerned, 

The ins t rument  w a s  ope ra t ed  through t h e  p o i n t i n g  c o n t r o l  
w i r ing  and it was determined t h a t  t h e  ins t rument  was v e r y  
q u i e t  compared t o  t h e  t e s t s  o f  May 1967. 

On September 11, 1968, t h e  ins t rument  was ope ra t ed  with t h e  
p o i n t i n g  c o n t r o l  a l s o  ope ra t ing .  A l l  e l e c t r i c a l  i n t e r f a c e s  
checked p r o p e r l y  and t h e  ins t rument  ope ra t ion  was ve ry  q u i e t  
w i th  v i r t u a l l y  no i n t e r f e r e n c e  caused by  t h e  p o i n t i n g  control, 

The p o i n t i n g  c o n t r o l  w a s  moved o u t s i d e  t o  run  a  p o i n t i n g  
check and t o  a l i g n  t h e  eyeblock p o i n t i n g  axes  wi th  t h e  i n -  
s t rument  o p t i c a l  a x i s .  Alignment w a s  accomplished, by shim- 
ming the  eyeblock mounting t o  an  accuracy  of  b e t t e r  t h a n  one 
q u a r t e r  a r c  minute. 

The p o i n t i n g  c o n t r o l  was moved back i n t o  t h e  l a b  where t h r e e  
ins t rument  res tow sequences were run t o  i n s u r e  t h a t  t h e  i n -  
s t rument  would be stowed i n  t he  proper  p o s i t i o n  t o  a l l o w  the 
nose cone t o  r e t u r n  t o  t h e  locked p o s i t i o n  p r i o r  t o  r e e n t r y ,  



On September 1 2 ,  1968, v a r i o u s  p o i n t i n g  c o n t r o l  checks were 
made which r equ i r ed  t h e  ins t rument .  These checks i nc lude  
t h e  de te rmina t ion  of  nose cone resonance frequency and t h e  
pointing c o n t r o l  s lewing  speed,  Azimuth coa r se  a c q u i s i t i o n ,  
response, and p o i n t i n g  s t a b i l i t y  were checked t o  determine 
t h e  servo system ga ins  necessary  f o r  f l i g h t ,  The a f t e rnoon  
was spent  i n  running checks f o r  no i se  i n t e r f e r e n c e  i n  t h e  
instrument us ing  t h e  t e l eme t ry  readouts ,  as i n  f l i g h t .  Upon 
completion of  t h e s e  t e s t s ,  it was determined t h a t  a l l  systems 
were o p e r a t i n g  w e l l  and were ready f o r  a  f l i g h t  s imula ted  
performance tes t ,  

The performance t e s t  was run a t  about  1100 hours on Septem- 
ber 13, The p o i n t i n g  c o n t r o l  and t e l eme t ry  systems opera ted  
perfectly; however, it was d i scovered  t h a t  t h e  experiment 
test b a t t e r y  was dead and t h e  ins tument  d i d  n o t  func t ion .  I t  
iras decided t o  r e run  t h e  performance t e s t  a t  White Sands ra- 
ther rhan  d e l a y  t h e  scheduled shipment t h a t  a f t e rnoon .  

Field t e s t i n g  of  s o l a r  p o i n t i n g  c o n t r o l  SPC 324 D/B and 
telemetry system TEL 333 wi th  t h e  Harvard f l i g h t  ins t rument  
began a t  White Sands M i s s i l e  Range, New Mexico, on September 
17, 1968,  

The p o i n t i n g  c o n t r o l  and t e l e m e t r y  system, wi th  a l l  a s s o c i a t e d  
field suppor t  equipment, were unpacked and checked f o r  poss i -  
ble sh ipp ing  damage, The p o i n t i n g  c o n t r o l  was assembled, t h e  
instrument was i n s t a l l e d ,  and a  s e r i e s  of  checks were run t o  
a s s u r e  t h a t  a l l  systems were o p e r a t i n g  p r o p e r l y ,  The remainder 
ef t h e  day was s p e n t  p o t t i n g  va r ious  connec tors  and e l e c t r o n i c  
subassem"n8ies a s  t h e y  were checked f o r  f l i g h t  r e a d i n e s s ,  

On September 17 th ,  t h e  p o i n t i n g  c o n t r o l  was moved o u t s i d e  on 
t h e  patio of t h e  Navy Headquarters b u i l d i n g  f o r  o u t s i d e  po in t -  
i n g  checks, These checks inc luded  p o i n t i n g  c o n t r o l  s ens ing  
checks, f i n a l  de te rmina t ion  o f  t h e  s e rvo  system f l i g h t  ga ins ,  
and a recheck o f  t h e  a l ignment  between t h e  ins t rument  o p t i c a l  
a x i s  and t h e  eyeblock a x i s ,  



On September 18, 1968, a d d i t i o n a l  p o i n t i n g  c o n t r o l  and in-. 
s t rument  i n t e r f a c e  t e s t s  were run w i t h  a l l  systems o p e r a t i n g  
normally,  The t e l eme t ry  system was checked us ing  t h e  NASA 
t e l eme t ry  ground s t a t i o n  a t  t h e  Aerobee launch a r e a ,  These 
p o i n t i n g  c o n t r o l  checks were completed p r i o r  t o  s e c u r i n g  
each p o i n t i n g  c o n t r o l  s e c t i o n  f o r  f l i g h t ,  

On September 19, 1968, t h e  p o i n t i n g  c o n t r o l ,  t e l eme t ry  sys-  
tem and a s s o c i a t e d  launch suppor t  equipment w e r e  moved t o  
t h e  launch a r e a  f o r  t h e  f i n a l  phases o f  t e s t i n g ,  The inte- 
g r a t e d  payload w a s  assembled f o r  a  f l i g h t  s imula ted  perfor- 
mance t e s t  i n  t h e  Aerobee p rep  bu i ld ing .  This  tes t  w a s  run 
a t  2100 hours u s ing  a  sun gun a s  t h e  t a r g e t .  

Although the  p o i n t i n g  c o n t r o l  ope ra t ed  normally i n  a l l  o t h e r  
r e s p e c t s ,  t h e  e l e v a t i o n  se rvo  system f a i l e d  t o  a c q u i r e  the 
t a r g e t ,  This  problem was a func t ion  o f  t h e  l a r g e  instrument 
moment of i n e r t i a  and t h e  r e l a t i v e l y  narrow beam width o f  t h e  
gun, Time was a l l o c a t e d  f o r  f u r t h e r  e l e v a t i o n  se rvo  tests 
t h e  fo l lowing  day t o  confirm proper  ope ra t ion  and t h e  pay- 
load  was prepared f o r  t h e  h o r i z o n t a l  i n t e r f e r e n c e  t e s t ,  

The h o r i z o n t a l  tes t  was run a t  about  noon on September 2 0 ,  
I n i t i a l  a c q u i s i t i o n  o f  t h e  sun gun w a s  normal i n  a l l  respects 
b u t  t h e  e l e v a t i o n  se rvo  could be forced  i n t o  t he  o s c i l l a t o r y  
mode of  t h e  prev ious  evening by manually f o r c i n g  t h e  instru- 
ment o f f  t a r g e t  a t  a  high r a t e .  

Rocket and payload weight and ba lance  measurements, and pay- 
load  moment of  i n e r t i a  measurements were made whi le  t h e  
h o r i z o n t a l  t e l eme t ry  r eco rd  was be ing  reviewed f o r  p roper  
ope ra t ion .  The t e l eme t ry  r eco rd  d i s c l o s e d  what appeared to 
be d i s c r i m i n a t o r  s i g n a l  lock l o s s  o f  t h e  70 KHz s u b c a r r i e r  
o s c i l l a t o r .  S ince  t h e  p o i n t i n g  c o n t r o l  was a l r e a d y  be ing  
prepared  f o r  o u t s i d e  p o i n t i n g  t e s t s  of  t h e  e l e v a t i o n  systen, 
t h e  i n v e s t i g a t i o n  of  t h i s  t e l eme t ry  problem was delayed un- 
til t h e s e  checks were complete. 

The payload, on t h e  s p i n  t a b l e ,  was wheeled o u t s i d e  for t h e  
e l e v a t i o n  a c q u i s i t i o n  t e s t s .  With t h e  ins t rument  p r o p e r l y  
balanced,  s e v e r a l  normal a c q u i s i t i o n s  were achieved,  After 
f i n d i n g  it impossible  t o  fo rce  t he  e l e v a t i o n  system i n t o  the 



o s c i l l a t o r y  mode, a l l  p r e s e n t  agreed  t h a t  t h e  p o i n t i n g  con- 
t r o l  w a s  o p e r a t i n g  p r o p e r l y  w i t h  t h e  r e a l  sun.  

Attention t hen  s h i f t e d  t o  t h e  t e l e m e t r y  problem, which ap- 
peared t o  be random no i se  s p i k e s  wi th  an  ampli tude t h a t  was 
n o t  c o i n c i d e n t  w i t h  t h e  d i s c r e t e  l e v e l s  o f  t h e  q u a s i d i g i t a l  
data, These sp ikes  were n o t  d i s c e r n a b l e  on t h e  p o r t a b l e  
ground s t a t i o n  r eco rd ing  b u t  were e v i d e n t  on playbacks from 
che NASA ""D" van v ideo  tape .  The 70 KHz SCO bandedges were 
groper ly  se t  f o r  d a t a  i n p u t s  of  0  v o l t s  and 5  v o l t s  b u t  t h e  
instrument q u i e s c e n t  d a t a  ou tpu t  w a s  approximately  6  v o l t s .  
This level was reduced t o  5 v o l t s  and f u r t h e r  t e l e m e t r y  checks 
showed t h a t  t h e  problem was r e so lved ,  

I t  i s  very doub t fu l  t h a t  t h e  d a t a  ou tpu t  of  6  v o l t s  was s o l e l y  
r e spons ib l e  f o r  t h e  s p i k e s  e v i d e n t  on t h e  record .  The r e -  
quired data had passed through bo th  the  p o r t a b l e  ground s t a -  
t i o n  and t h e  BBRC ground s t a t i o n  wi thou t  any evidence of  
s p i l c e s ,  At t h i s  t ime we can on ly  assume t h a t  some d e f i c i e n c y  
existed i n  t h e  NASA "D" van 70 M z  l i n k  a t  t h e  t ime o f  t h e  
horizontal record ing ,  

F i n a l  p o i n t i n g  c o n t r o l  t e s t s  and s e c u r i n g  procedures  were 
completed on September 21  and 22, The e n t i r e  payload was 
insicahled aboard NASA Aerobee 4.185 US i n  Tower "BB" on t h e  
afternoon of September 22, 1968. P r e - v e r t i c a l  checks o f  
the p o i n t i n g  c o n t r o l ,  t e l eme t ry  system and ins t rument  were 
made and t h e  payload was secured  t o  beg in  t h e  nose cone 
evacuation, 

The v e r t i c a l  i n t e r f e r e n c e  t e s t  w a s  run a t  0615 hours on 
Sepfzember 23, 1968. A l l  systems opera ted  a s  expected and 
p re l imina ry  f l i g h t  p r e p a r a t i o n s  were completed p r i o r  t o  
final nose cone evacua t ion  pumping f o r  f l i g h t .  

The BBRC f i e l d  crew a r r i v e d  a t  t h e  launch a r e a  f o r  t he  T-3 
hour check a t  0715 hours on September 23, F i n a l  f l i g h t  pre-  
parations were completed and t h e  launch tower was c l e a r e d  by 
0930 hours f o r  an  a n t i c i p a t e d  launch a t  1030 hours ,  

The countdown progressed  smoothly t o  t h e  launch of  NASA Aero- 
bee 4,185 US w i t h  SPC 324 D/B, TEL 333 and t h e  Harvard 



spec t rometer  a t  10 hours, 30 minutes,  59.96 seconds MDT, 
The i n i t i a l  phases of  f l i g h t  appeared normal w i t h  azimuth 
c o a r s e  a c q u i s i t i o n s  as expected.  When t h e  nose cone w a s  
r a i s e d  and t h e  ins t rument  w a s  r e l ea sed ,  it was observed 
t h a t  t he  p o i n t i n g  accuracy  was ve ry  much o u t  o f  l i m i t s  w i t h  
excurs ions  i n  bo th  azimuth and e l e v a t i o n  g r e a t  enough to 
cause t h e  coa r se  eye system t o  be  a l t e r n a t e l y  enabled and 
d i s a b l e d  throughout  t he  f l i g h t .  A t  t h e  command t o  res tow 
t h e  ins t rument  and r e t u r n  t h e  nose cone t o  a down and Locked 
cond i t i on ,  t h e  ins t rument  stowed, b u t  t h e  cone made no ap- 
p a r e n t  a t t empt  t o  d r i v e  down. 

The te lemetered  d a t a  showed t h a t  t h e  p o i n t i n g  c o n t r o l  bat-- 
t e r y  w a s  ve ry  low, b u t  a t  t h i s  p o i n t  t h e  cause  was unknown, 

The payload was q u i c k l y  recovered and r e tu rned  t o  t h e  Navy 
Headquar ters  f o r  a quick-look a n a l y s i s .  

FLIGHT PERFORMANCE DATA 

The e l e v a t i o n  o f  t h e  f l i g h t  d a t a  showed t h a t  t h e  f a i l u r e  of 
t h e  p o i n t i n g  c o n t r o l  t o  main ta in  t h e  expected p o i n t i n g  ac- 
curacy  was due t o  a  combination o f  c i rcumstances ,  The m a -  
j o r  c o n t r i b u t o r  t o  t h e  f a i l u r e  w a s  t h e  low p o i n t i n g  c o n t r o l  
b a t t e r y  vo l tage ,  which under i d e a l  cond i t i ons  o f  rocke t  r o l l  
r a t e  would have provided u n s t a b l e  po in t ing ,  b u t  p o s s i b l y  not 
t o  t h e  e x t e n t  seen ,  Unfor tuna te ly ,  t h e  r o c k e t  r o l l  ra te  hias 
ve ry  near  t h e  nose cone resonance frequency,  This  caused 
exces s ive  f o r c i n g  func t ions  which, w i th  a  low b a t t e r y ,  t h e  
p o i n t i n g  c o n t r o l  could n o t  overcome. 

The fol lowing t a b u l a t e d  d a t a  compares t h e  p r e d i c t e d  f l i c jh t  per- 
formance parameters  w i th  t he  a c t u a l  f l i g h t  performance para- 
meters :  

Occurence P red ic t ed  

Zeni th  A l t i t u d e  113.0 mi l e s  
R o l l  Rate  a t  Burnout 1 .8  r p s  
Yo-Yo Despin I n i t i a t i o n  60,O seconds 
SPC Servo Operat ion 73.0 seconds 
SPC Nose Cone L i f e  92.0 seconds 
SPC Res tow Command 357.0 seconds 
F i r s t  Severance 370.0 seconds 

Ac tua l  

112-0  miles 
2 , 6  rps 

59-7  seconds 
73-0 seconds 
91-4 seconds 

359-2 seconds 
371.2 seconds 



The fo l lowing  graphs p r e s e n t  informat ion r ega rd ing  p o i n t i n g  
c o n t r o l  o p e r a t i o n  and v e h i c l e  performance, 

N o ,  1 is a  p l o t  o f  t h e  NASA a c c e l e r a t o r  o u t p u t  ve r sus  - - 
t ime from l i f t - o f f  t o  T  + 73 seconds.  The d a t a  
was on a  shared  t e l eme t ry  channel  which was 
switched a t  T  + 73 seconds,  The ou tpu t  i s  p l o t -  
t e d  a s  t e lemetered  v o l t a g e  s i n c e  t h e  t ransducer  
c a l i b r a t i o n  was n o t  a v a i l a b l e  a t  BBRC. I t  
should be a l s o  noted t h a t  t h e  v e h i c l e  s u s t a i n e r  
chamber p r e s s u r e  t r ansduce r  d i d  n o t  o p e r a t e  pro- 
p e r l y  dur ing  t h i s  f l i g h t  and t h e r e f o r e  no d a t a  
a r e  a v a i l a b l e ,  

G r c h  NO, 2 i s  a  p l o t  of  the  v e h i c l e  r o l l  r a t e  ve r sus  time -- - -  - 
from T + 2 - 0  seconds t o  T + 90 seconds,  The 
r o l l  r a t e  of t h e  v e h i c l e  a t  s u s t a i n e r  burnout 
was 2.60 rps ,  which was mainta ined u n t i l  Yo-Yo 
desp in  i n i t i a t i o n  occurred a t  T  + 59.7 seconds, 
despinning t h e  v e h i c l e  t o  2.05 r p s ,  The desp in  
of t h e  upper payload s e c t i o n  then  inc reased  t h e  
v e h i c l e  r o l l  r a t e  t o  t h e  f i n a l  f i g u r e  o f  2.48 rps .  

i s  a p l o t ,  con ta ined  on t h r e e  s h e e t s ,  o f  va r ious  
s o l a r  p o i n t i n g  c o n t r o l  parameters  ve r sus  t i m e ,  
This graph shows t h a t  bo th  azimuth and e l e v a t i o n  
coa r se  eyes were a b l e  t o  a c q u i r e  t h e  sun a l -  
though t h e  b a t t e r y  v o l t a g e  was e x c e s s i v e l y  low, 
The t a r g e t  eye s i g n a l  i n t e r m i t t e n t l y  dropped t o  
ze ro  throughout t h e  f l i g h t .  When t h e  t a r g e t  eye 
s i g n a l  i s  a t  ze ro  t h e  p o i n t i n g  e r r o r  i s  g r e a t e r  
than t h r e e  degrees .  A t  T  + 371-2 seconds a l l  
t e l eme t ry  s i g n a l s  were l o s t  when t h e  antenna l i n e  
was severed  w i t h  v e h i c l e  payload severance.  

No, 4 r e p r e s e n t s  t he  ins t rument  motion i n  t h e  e l e v a t i o n  -- 
a x i s  w i t h  r e s p e c t  t o  t ime,  The s i n u s o i d a l  ap- 
pearance o f  t h e  p l o t  i s  due t o  t h e  p r e c e s s i o n a l  
motion of  t h e  v e h i c l e  which had a  cone h a l f  an- 
g l e  of  3 degrees  and a  pe r iod  o f  88 seconds,  A s  
t he  s o l a r  e l e v a t i o n  angle  a t  launch was 4 1  deg- 
r e e s ,  t he  p l o t  i n d i c a t e s  t h a t  t h e  v e h i c l e  was 
ve ry  n e a r l y  a l i g n e d  wi th  l o c a l  v e r t i c a l  through- 
o u t  t h e  f l i g h t ,  



Due t o  t h e  wide excu r s ions  of  t h e  p o i n t i n g  c o n t r o l ,  e s p e c i a l l y  
i n  t h e  azimuth a x i s ,  t h e  fol lowing t a b u l a t e d  d a t a  were ob- 
t a i n e d  showing t h e  p o i n t s  i n  time, as  r e f e renced  t o  launch,  
where t h e  p o i n t i n g  c o n t r o l  was p o i n t i n g  i n  t h e  f i n e  eye mode. 
These t imes a r e  when t h e  p o i n t i n g  e r r o r  i n  e l e v a t i o n  i s  with- 
i n  two minutes peak-to-peak (one minute e i t h e r  s i d e  o f  t h e  
c e n t e r  of t h e  s o l a r  d i s c )  and wi th in  e i g h t  minutes peak-to- 
peak ( f o u r  minutes e i t h e r  s i d e  of t h e  c e n t e r  of t h e  s o l a r  
d i s c )  i n  the  azimuth a x i s .  

TABLE I 

Time when p o i n t i n g  w i t h i n  p r e s c r i b e d  l i m i t s  Durat ion of  
p o i n t i n g  i n  seconds 

From To 



POST FLIGHT AN74LYSIS 

The payload was loca t ed  i n  t h e  v i c i n i t y  o f  4Q Ta rge t  and 
Northrup S t r i p  about  40 mi l e s  n o r t h  o f  t h e  launch tower. The 
nose cone assembly was l o c a t e d  approximately  200 yards  e a s t  
of t h e  parachuted payload. A l l  recovered s e c t i o n s  were re -  
turned 50 t h e  Navy Headquarters f o r  p o s t - f l i g h t  i n spec t ion .  

The fo l lowing  cond i t i ons  o f  t h e  payload were no ted  du r ing  t h e  
initial i n spec t ion :  

A, The nose cone had n o t  restowed and w a s  s e p a r a t e d  from 
t h e  p o i n t i n g  c o n t r o l  p r i o r  t o  impact,  

B, The h e a t  s h i e l d  on t h e  ins t rument  was miss ing ,  

C, The nose cone l i f t  motor w a s  miss ing  

D, The l i f t  suppor t  tube had been b e n t  a t  i t s  base  about 
70 degrees  dur ing  r e e n t r y  o r  on impact.  

E, The ins t rument  had broken o u t  of  t h e  stowed p o s i t i o n ,  
probably on parachute  deployment. 

F ,  There was enough hea t ing  du r ing  r e e n t r y  t o  me l t  some 
v i n y l  tubing,  c a b l e  clamps, s p o t  t i e s  and so lde red  
e l e c t r i c a l  connec t ions ,  

G s  There w a s  no evidence of  e l e c t r i c a l  a r c i n g  i n  t he  po in t -  
ing c o n t r o l  o r  ins t rument .  

The payload w a s  t hen  moved i n t o  a  lab f o r  dissambly.  The po in t -  
i n g  c o n t r o l  w a s  taken a p a r t  between t h e  e l e c t r o n i c s  s e c t i o n  
and the agency compartment and t h e  experiment c o n t r o l  deck re -  
moved, The p o i n t i n g  c o n t r o l  b a t t e r y  was removed from t h e  e l e c -  
t r o n i c s  s e c t i o n  and it w a s  no ted  t h a t  t h e  b a t t e r y  had b o i l e d  
over and t h e r e  was some c o r r o s i o n  i n  t h e  e l e c t r o n i c s  s e c t i o n  
due t o  b a t t e r y  e l e c t r o l y t e ,  

The b a t t e r y  was examined and one c e l l  w a s  found t o  be physi-  
cally reversed .  The b a t t e r y  pack is composed o f  20  Yardney 
HR-3 S i l v e r e e l s  wi th  a  nominal b a t t e r y  v o l t a g e  of 30 v o l t s .  
Wi$h t h e  one c e l l  reversed,  t h e  b a t t e r y  pack had a maximum v o l t -  
age of 2 7  v o l t s ,  The b a t t e r y  pack had been disassembled and 
c leaned  a f t e r  t h e  h o r i z o n t a l  t e s t  due t o  e l e c t r o l y t e  s p i l l a g e ,  
A r ev iew s f  a l l  evidence and d a t a  i n d i c a t e s  t h a t  one c e l l  was 
reversed a t  t h a t  time and t h e  r eve r sed  c e l l  was n o t  d e t e c t e d  
during t h e  remaining p r e - f l i g h t  checks. 



Examination o f  t h e  nose cone assembly was made w i t h  t:ws items 
ve ry  apparen t .  The f i r s t  was t h a t  t h e  j o i n t  between the  l i f t  
tube  and t h e  upper nose cone c a s t i n g  w a s  l oose  and t h e  r e t a i n -  
i n g  r o l l  p i n s  had worked loose .  This  j o i n t  i s  assembled as a 
r i n g  f i t  and t h e  r o l l  p i n s  main ta in  p o s i t i o n  bo th  l a t e r a l l - y  and 
l o n g t i d u n a l l y  i n  t h e  j o i n t .  The nex t  p o i n t  o f  examination 
was i n  t h e  a r e a  o f  t h e  upper c a s t i n g  on the  l i f t  suppor t  tube, 
This  c a s t i n g  i s  a  s h r i n k  f i t  t o  t h e  suppor t  tube  and i s  held 
i n  p l a c e  wi th  fou r  s t e e l  dowel p i n s .  The l i f t  motor. w i t h  i t s  
gear  box and p in ion  gear  i s  a t t a c h e d  t o  t h i s  c a s t i n g ,  The 
examination showed t h a t  t h i s  c a s t i n g  w a s  l oose  on t h e  suppore 
tube and two dowel p i n s  were miss ing.  One o f  t h e  remaining 
dowel p i n s  had moved f a r  enough i n  toward t h e  c e n t e r  of rhe 
c a s t i n g  t o  p reven t  passage of  t h e  nose cone tube  when it 
at tempted t o  d r i v e  down, 

The n a t u r e  of  t h e  damage and e s p e c i a l l y  t h e  loosen ing  o f  t h e  
nose cone j o i n t  and t h e  upper suppor t  tube j o i n t  showed t h a t  
t h e  nose cone must have been whipping v i o l e n t l y  whi le  i n  t h e  
r a i s e d  p o s i t i o n .  A c o r r e l a t i n g  f a c t o r  t o  t h i s  whipping mom 
t i o n  w a s  found i n  t h e  f l i g h t  d a t a .  I t  w a s  determined during 
p r e f l i g h t  ground t e s t s  t h a t  maximum nose cone motion, o r  i t s  
p o i n t  o f  resonance,  occur red  wi th  a  r o c k e t  s p i n  r a t e  of 2 , 4  
t o  2.5 r p s ,  From t h e  f l i g h t  d a t a  it was found t h a t  t h e  rocket 
r o l l  r a t e  a f t e r  t h e  p o i n t i n g  c o n t r o l  had acqu i r ed  t h e  sun w a s  
2.48 r p s ,  Hence, it could  be  expected t h a t  t h e  nose cone 
motion due t o  v e h i c l e  r o l l  r a t e  was a t  t h e  maximum, 

Another model SPC 300 D/B was t e s t e d  a t  White Sands Missile 
Range t o  determine t h e  e f f e c t  o f  low b a t t e r y  vo l t age  whi le  
o p e r a t i n g  t h e  p o i n t i n g  c o n t r o l  a t  t h e  nose cone resonance 
frequency. The p o i n t i n g  c o n t r o l  behaved normally w i t h  a 
s m a l l  i n c r e a s e  i n  p o i n t i n g  e r r o r  a s  t h e  A+ v o l t a g e  w a s  dropped 
t o  25 v o l t s  b u t  below 25 v o l t s  t he  azimuth se rvo  became mam- 
g i n a l l y  u n s t a b l e ,  A t  24 v o l t s  t h e  system was o s c i l l a t o r y  d i -  
ve rgen t  and e x h i b i t e d  behavior  ve ry  s i m i l a r  t o  SPC 324 13/13 
dur ing  f l i g h t ,  I t  was a l s o  observed du r ing  t h i s  t e s t  that 
nose cone motion w a s  no t  m a t e r i a l l y  a f f e c t e d  when the  point- 
i n g  c o n t r o l  was opera ted  wi th  an  abnormally low b a t t e r y  v o l t a g e ,  

P a s t  p o i n t i n g  c o n t r o l  t e s t i n g  has shown t h a t  nose cone motion 
i n c r e a s e s  w i t h  the  i n t r o d u c t i o n  o f  an o f f s e t  between t h e  



vehicle s p i n  a x i s  and t h e  p o i n t i n g  c o n t r o l  azimuth a x i s .  Two 
factors e x e r t i n g  a n  i n f l u e n c e  on t h i s  o f f s e t  are dynamic un- 
balance and misalignment below t h e  p o i n t i n g  azimuth j o i n t .  
Past performance has i n d i c a t e d  t h a t  misalignment has t h e  
greater i n f luence  on t h i s  o f f s e t  and nose cone motion, 

Further t e s t s  of  t h e  SPC 300 D/B have shown t h a t  t h e  po in t -  
ing control w i l l  ope ra t e ,  w i th  some l o s s  i n  p o i n t i n g  accur -  
a c y ,  a t  a s p i n  r a t e  e q u a l  t o  t h e  nose cone resonance frequency 
but  ths i n t r o d u c t i o n  of  an o f f s e t  s i g n i f i c a n t l y  i n c r e a s e s  
nose cone .motion, e s p e c i a l l y  a t  t h e  h igher  s p i n  r a t e s ,  

CONCLUS IONS 

The failure of  SPC 324 D/B t o  p o i n t  w i t h i n  t h e  a n t i c i p a t e d  
zecuracies was d i r e c t l y  caused by t h e  r e v e r s a l  of  t h e  one c e l l  
in t h e  p o i n t i n g  c o n t r o l  b a t t e r y  pack,  

A set-ondary problem a r e a  which must be r e c t i f i e d  concerns 
vehicle s p i n  r a t e  and misalignment between payload s e c t i o n s  
a f t  of t h e  p o i n t i n g  c o n t r o l .  I t  is  mandatory t h a t  on a l l  
future f l i g h t s  more c a r e  be  e x e r c i s e d  t o  i n s u r e  a l ignment  be- 
tween payload s e c t i o n s .  Also t h e  v e h i c l e  must be despun such 
that a r o l l  r a t e  o f  2.00 r p s  o r  l e s s  is  achieved a f t e r  t he  

upper s e c t i o n  o f  t h e  p o i n t i n g  c o n t r o l  i s  despun. 
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