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This  paper  d e s c r i b e s  an i n t e g r a t e d  progrsm of t e s t i n g  and a n a l y s i s  

used t o  develop and f l i g h t  q u a l i f y  t h e  appendage deployment systems of 

Pioneer  F and G ,  a sp in - s t ab i l i zed  s p a c e c r a f t  which w i l l  f l y  by J u p i t e r .  

Tests t h a t  e x a c t l y  dupl ica te 'deployments  from sp inn ing  s p a c e c r a f t  under 

zero-g i n - f l i g h t  cond i t ions  a r e  not  p o s s i b l e  i n  t h e  l abora to ry .  Since 

r e p r e s e n t a t i v e  sp inning  deployment test  schemes would b e  very c o s t l y  and 

complex, a combination o f  deployment system component tests, s i m p l i f i e d  

non-spinning deployment tests, and ana lyses  were used t o  develop t h e  de- 

ployment system hardware. Ana ly t i ca l  deployment models, v e r i f i e d  by cor- 

r e l a t i o n  wi th  deployment test  performance d a t a  and inco rpora t ing  neasured 

system parameters ,  were used t o  p r o j e c t  i n - f l i g h t  deployment system per- 

formance over  t h e  expected range of envi.ronmenta1 and hardware extremes. 

I. INTRODUCT ION 

The Pioneer  F and G Spacecraf t  w i l l  be  launched i n  1972 and 1973 on f l y  by 

miss ions  t o  t h e  p l a n e t  J u p i t e r .  Short ly  a f t e r  boos t  t h e  sp inning  s p a c e c r a f t  w i l l  

deploy t h r e e  appendages. F i r s t ,  two p a i r s  of Radio iso tope  Thermoelec t r ic  Genera- 

t o r s  (RTG's) are each deployed 6 f e e t  r a d i a l l y  by c e n t r i f u g a l  f o r c e  t o  p r o t e c t  

the s p a c e c r a f t  body from t h e i r  nuclear  and thermal  r a d i a t i o n  and t o  a l low s u f f i c -  

i e n t  cool ing  of t h e  RTG's .  Then the four-segment 17 f o o t  Magnetometer Boom i s  un- 

fo lded  by c e n t r i f u g a l  f o r c e  a s s i s t e d  by h inge  s p r i n g s  t o  p o s i t i o n  i t s  t i p  mounted 

s e n s o r  away from the  s p a c e c r a f t  s t r a y  magnetic f i e l d s .  This  boom a l s o  s e r v e s  as a 
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under  ?USA Contrac t  NAS2-5600. 
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l e v e r  t o  a c t i v a t e  t h e  s p a c e c r a f t  nu ta t ion  damper. Each boom deployment is  

c o n t r o l l e d  by a deployment damper t o  reduce deployment and l a t c h u p  loads .  

The s imultaneous deployment of t h e  RTG Booms reduces'  t h e  s p a c e c r a f t  s p i n  rate 

from 22 t o  5.7 rpm. The Magnetometer Boom deployment f u r t h e r  reduces t h e  s p i n  

r a t e  to 5 rpm. F igure  1 shows t h e  Pioneer  F/G Spacecraf t  i n - f l i g h t  configura-  

t i o n  w i t h  booms deployed and inc ludes  p e r t i n e n t  system parameters .  

11. DEPLOYMENT SYSTEM DESCRIPTION 

Each RTG Boom i s  composed of two R T G ' s  mounted back-to-back and supported 

by a t r u s s  a t t a c h e d  a t  one end of t h ree  guide  tubes .  These guide  tubes  pass  

through a series of guides  and r o l l e r s  mounted on t h e  s p a c e c r a f t  body. A f t e r  de- 

ployment each guide tube  l a t c h e s  with a s imple  l e a f  s p r i n g  ca t ch  t o  i n s u r e  t h a t  

RTG Boom alignment i s  maintained.  Electr ical  power is  t r a n s m i t t e d  back t o  t h e  

s p a c e c r a f t  v ia  a power cab le  which is stowed i n  a s l a c k  box and i s  e x t r a c t e d  dur- 

i n g  RTG Boom deployment. A mult i layered  r ibbon power cab le  c o n s t r u c t i o n  is  used 

t o  minimize s t r a y  magnetic f i e l d s  and reduce mechanical r e s i s t a n c e  dur ing  RTG boom 

deployment. 

Although t h e  RTG Booms are r e l eased  s imul taneous ly  by pyro technic  b o l t  c u t t e r s ,  

t h e  deployment is  a s symet r i ca l  due t o  small v a r i a t i o n s  i n  deployment system para-  

meters from boom t o  boom. Th i s  assymetry is  inc reased  by t h e  non l inea r  deployment 

damper c h a r a c t e r i s t i c s  and is  amplif ied by c e n t r i f u g a l  f o r c e  which d r i v e s  t h e  de- 

ployments.  

of -+IO% from boom t o  boom,this assymetry can r e s u l t  i n  up t o  50% h ighe r  loads  f o r  

t h e  faster boom and n e a r l y  double  the deployment t i m e  f o r  t h e  s lower boom. 

Consider ing a deployment damper fo rce -ve loc i ty  c h a r a c t e r i s t i c  v a r i a t i o n  

The Magnetometer Boom i s  mounted t o  t h e  s p a c e c r a f t  by two f l e x u a l  p i v o t s  

which a l low t h e  boom t o  p i v o t  up and down re la t ive  t o  the  s p a c e c r a f t  and pump 

t h e  n u t a t i o n  damper. P r i o r  t o  deployment, t h e  fo lded  boom i s  h e l d  i n  p l ace  by 



a preloaded tie-down mechanism and is r e l e a s e d  by pyro technic  b o l t  c u t t e r s .  

The boom des ign  inco rpora t e s  an  arrangement of c o n t r o l  cab le s  which g ives  t h e  

r e l a t i v ' e  motion of t h e  f o u r  boom segments t h e  c h a r a c t e r  of a pantograph. Th i s  

des ign  f e a t u r e  is  requ i r ed  t o  ensure a s a t i s f a c t o r y  deployment envelope and per- 

m i t s  t h e  use  of a s i n g l e  deployment damper t o  c o n t r o l  boom deployment. 

The 5/8 inch  diameter  magnetometer boom w i r e  ha rness  i s  composed of h i g h l y  

s t r anded  wires us ing  s p e c i a l  s i l i c o n  rubber  i n s u l a t i o n  t o  reduce i ts  s t i f f n e s s .  

Hinge s p r i n g s  are requ i r ed  dur ing  the c r i t i c a l  l a t chup  phase t o  overcome h inge  

f r i c t i o n  and w i r e  ha rness  torques .  Ana lys i s  of t h e  deployment i n d i c a t e d  t h a t  

us ing  a convent iona l  t o r s i o n a l  sp r ing  designed t o  provide  t h e  r equ i r ed  to rque  

a t  l a t chup  would r e s u l t  i n  unacceptable  deployment loads  due t o  h igh  i n i t i a l  

to rque .  The h inge  s p r i n g  des ign  incorpora ted  a c o i l  s p r i n g  on one s i d e  of t h e  

h inge  a t t a c h e d  t o  t h e  o t h e r  s i d e  by a cam and c a b l e  which provides  a n  i n i t i a l  

t o rque  less than  t h e  l a t chup  torque. Each h inge  inco rpora t ed  a s imple  l e a f  

s p r i n g  c a t c h  t o  main ta in  boom alignment a f t e r  deployment. 

I I I. DEPLOYMENT DAMPERS 

The t h r e e  deployment dampers a r e  of i d e n t i c a l  i n t e r n a l  des ign  and c o n s i s t  

of a drum 2 inches  i n  diameter  by 0.6 i nches  long. 

as t h e  p u l l e y  t o  stow t h e  damper cable ,  i s  mounted on a s h a f t  f i x e d  t o  t h e  damper 

mounting b racke t .  I n s i d e  t h e  drum, immersed i n  s i l i c o n  f l u i d ,  are a series of 15 

d i s c s  a l t e r n a t e l y  keyed t o  t h e  s h a f t  o r  t h e  drum. When t h e  drum r o t a t e s ,  t h e  v is -  

cous f l u i d  between t h e  d i s c s  is  placed i n  s h e a r  provid ing  damping a c t i o n .  

The o r i g i n a l  damper des ign  goal  w a s  t o  achieve  a l i n e a r  damper wi th  minimum 

The'drum, which a l s o  s e r v e s  

4 l b - sec / in  rate over t h e  des ign  temperature  range 50 t o  90°F. 

t a b l i s h e d  by pre l iminary  s imula t ions  of t h e  RTG deployments. The i n i t i a l  damper 

des ign  c o n s i s t e d  of a s i n g l e  d i s c  us ing  30,000 c e n t i s t o k e  f l u i d  w i t h  a 0.006 inch  

Th i s  rate w a s  es- 



gap between t h e  d i s c s .  Pre l iminary  tests revea led  t h a t  t h e  damper's c h a r a c t e r -  

ist ics w e r e  very n o n l i n e a r ,  and t h e  d e s i r e d  damping c h a r a c t e r i s t i c  could n o t  b e  

achieved due t o  t h e  non-Newtonian s i l i c o n  f l u i d  p r o p e r t i e s  a t  h ighe r  s h e a r  rates. 

P r i o r  t o  t h e  system deployment tests, a n a l y t i c a l  deployment s imula t ions  

us ing  t h e  measured damper performance d a t a  i n d i c a t e d  t h e  damper performance w a s  

unacceptab le .  The damper des ign  was modified by i n c r e a s i n g  t h e  number of d i s c s .  

The performance w a s  s t i l l  somewhat non l inea r ,  however, s imu la t ions  i n d i c a t e d  (and 

later deployment tests demonstrated) t h a t  t h e  performance w a s  accep tab le  f o r  t h e  

deployments. 

IV . ANALYTICAL MODELS 

The main o b j e c t i v e s  of t h e  a n a l y t i c a l  deployment models were to :  

o Evalua te  deployment system des igns  t o  i d e n t i f y  c r i t i c a l  problem areas 

and provide  des ign  loads .  

o Evaluate  component performance p r i o r  t o  system deployment tests. 

o A n a l y t i c a l l y  p r e d i c t  measured test performance w i t h i n  15%. 

o E s t a b l i s h  t h e  range of performance and loads  under i n - f l i g h t  con- 

d i t i o n s  f o r  f l i g h t  hardware. 

Genera l ized  deployment a n a l y t i c a l  models were formulated t o  s imula t e  both  

tes t  and i n - f l i g h t  deployment of the RTG and Magnetomete'r Booms. Both deployment 

models c o n s i s t e d  of a s p a c e c r a f t  body wi th  t h r e e  degrees  of r o t a t i o n a l  freedom. 

A l l  s t r u c t u r a l  e lements  were assumed r i g i d  and t h e  a p p r o p r i a t e  v i scous  damping 

f u n c t i o n  c o n t r o l l e d  boom deployments. 

Each RTG Boom had one degree  of l i n e a r  freedom relat ive t o  t h e  s p a c e c r a f t  

These deployments were re ta rded  by v a r i o u s  s p e c i f i e d  drag  f o r c e s  due t o  body. 

gu ide  t u b e / r o l l e r  f r i c t i o n  and RTG power c a b l e  drag  fo rce .  

The Magnetometer Boom i n n e r  segment had two degrees  of angular  freedom 



relative t o  t h e  s p a c e c r a f t  body, one about  t h e  i n n e r  h inge  a x i s  and one about  

n u t a t i o n  damper f l e x u r e  a x i s .  Each of t h e  t h r e e  o u t e r  segments had one degree 

of  angu la r  freedom about i t s  h inge  ax i s .  

‘Torques due t o  c o n t r o l  c a b l e s ,  w i r e  ha rness  mechanical  r e s i s t a n c e ,  

and h i n g e  deployment sp r ing ,  were combined i n t o  a s i n g l e  torque- the ta  

f o r c i n g  f u n c t i o n  f o r  each h inge .  There w a s  a l s o  a to rque  f u n c t i o n  f o r  motion 

of the i n n e r  segment about  t h e  nu ta t ion  damper f l e x u r e  a x i s .  T e s t s  and measure- 

ments of t h e s e  v a r i o u s  f o r c e s  and torques were made e a r l y  i n  t h e  development phase.  

A n a l y t i c a l  func t ions  were f i t t e d  t o  t h e  d a t a  and t h e s e  f u n c t i o n s  were incorpor-  

a t e d  i n t o  t h e  deployment models. 

Equations of motion c o n s i s t e n t  w i th  t h e  above models w e r e  der ived  and com- 

p u t e r  programs w r i t t e n  t o  numerical ly  i n t e g r a t e  t h e s e  equa t ions  of motion. The 

equa t ions  were i n t e g r a t e d  us ing  a f i f t h  o rde r  Kutta-Merson technique  wi th  a var- 

iable t i m e  s t e p .  The computer s imula t ions  provided d e t a i l e d  deployment t i m e  h i s -  

t o r i e s  and loads.  The i n - o r b i t  deployment s imula t ion  r e s u l t s  a l s o  provided space- 

c ra f t  s t a b i l i t y  and p o i n t i n g  information.  

V. DEPLOYMENT SYSTEM TESTS 

The main o b j e c t i v e s  of t h e  system deployment tests .were: 

o Demonstrate t h a t  boom r e l e a s e ,  deployment and l a t chup  f u n c t i o n  as in tended .  

o 

o 

E s t a b l i s h  r e p e a t a b i l i t y  of t he  boom deployed p o s i t i o n .  

Obtain hardware deployment performance d a t a  f o r  c o r r e l a t i o n  wi th  

deployment a n a l y t i c a l  models. 

The a b i l i t y  of t h e  s t r u c t u r e  t o  withstand des ign  l i m i t  and u l t i m a t e  loads  w a s  

demonstrated i n  s e p a r a t e  s t a t i c  loading tests of t h e  s t r u c t u r e .  De ta i l ed  a n a l y t i -  

c a l  deployment s i m u l a t i o n s  were used t o  demonstrate  t h a t  adequate  s t r u c t u r a l  l oads  

margins  e x i s t e d  f o r  deployment and l a t chup  loads.  



Simpl i f i ed  non-spinning deployment tests were s e l e c t e d  f o r  t h e  boom deploy- 

ment system tests. Gravi ty ,  which is normally a handicap i n  t e s t i n g  of space- 

c r a f t  deployment systems,  w a s  used t o  r e p l a c e  c e n t r i f u g a l  f o r c e  p r e s e n t  du r ing  

a s p i n n i n g  i n - f l i g h t  deployment. Aerodynamics, which might have been a f a c t o r  

i n  a s p i n n i n g  test, w a s  n o t  s i g n i f i c a n t  i n  t h e  non-spinning deployment tests. 

Tests f o r  bo th  deployment systems were conducted f o r  several combinations of t h e  

extremes i n  expected i n - f l i g h t  c e n t r i f u g a l  f o r c e  and tempera ture  ranges .  This  

w a s  necessa ry  s i n c e  t h e r e  i s  no s i n g l e  combination of extremes t h a t  would r e s u l t  

i n  a wors t  case cond i t ion  f o r  a l l  a spec t s  of t h e  deployment. 

RTG Boom deployment performance tests were conducted by mounting an RTG 

Boom s u p p o r t  s t r u c t u r e  t o  an  overhead f i x t u r e  (Figure 2 A ) .  A mass s imula ted  

RTG Boom w a s  'deployed downward, r e t a rded  by both a counterba lance  load  and t h e  

deployment damper. The counterbalance load w a s  i nc reased  du r ing  deployment s o  

t h a t  the RTG Boom mass minus t h e  counterbalance load s imula ted  t h e  c e n t r i f u g a l  

f o r c e  computed f o r  an  i n - f l i g h t  deployment. Side loads  which encompassed expect-  

ed i n - f l i g h t  load  ranges were appl ied  t o  t h e  RTG Boom c e n t e r  of mass dur ing  de- 

ployment by a bungee cord.  

cooled  t o  s imula t e  expected i n - f l i g h t  temperatures .  Th i s  deployment test  method 

could n o t  t r u l y  r ep resen t  t h e  i n t e r a c t i o n  between t h e  RTG deployments, however, 

i t  d i d  r e p r e s e n t  t h e  a n t i c i p a t e d  i n t e r a c t i o n  as determined by the  s imula t ion  of 

i n - f l i g h t  deployments which w e r e  used t o  gene ra t e  t h e  counterba lance  load  ve r sus  

d i s t a n c e  cu rves .  

The deployment damper and s t r u c t u r e  were hea ted  o r  

The Magnetometer Boom deployment performance tests were conducted by deploy- 

i n g  the boom over  a smooth P l e x i g l a s  f l o o r  w i th  each segment suppor ted  by low- 

f r i c t i o n ,  p i v o t a b l e ,  caster bear ings  (F igure  2B). The range of c e n t r i f u g a l  f o r c e s  

expec ted  du r ing  i n - f l i g h t  deployments w a s  approximated by s l a n t i n g  the  suppor t  f l o o r  



and performing deployment tests a t  several d i f f e r e n t  s l a n t  ang le s  from 0 t o  

5.4 degrees .  The component of g rav i ty  f o r c e  a c t i n g  p a r a l l e l  t o  t h e  s l a n t e d  

f l o o r  a’long t h e  l i n e  of deployment s imula ted  c e n t r i f u g a l  fo rce .  A s  i n  the RTG 

.tests, t h e  deployment damper and hinge areas w e r e  hea ted  o r  cooled t o  s i m u l a t e  

expected i n - f l i g h t  temperatures .  

presence of  counterba lance  loads  would s i g n i f i c a n t l y  a l te r  t h e  boom response.  

The s l a n t e d  f l o o r  test w a s  s e l e c t e d  s i n c e  t h e  

Low c e n t r i f u g a l  f o r c e  levels enabled t h e  use  of t h i s  test method. Table  s l a n t  

ang le s  were s e l e c t e d  t o  impart  t h e  same energy t o  t h e  deployment as c e n t r i f u g a l  

f o r c e  i m p a r t s  t o  an  i n - f l i g h t  deployment. Cas tor  bea r ings  were used t o  suppor t  

t h e  boom r a t h e r  than  a i r  bea r ings  because of s i z e ,  weight ,  and c o s t  c o n s i d e r a t i o n s .  

The i r  use ,  as expec ted ,  caused rap id  damping of boom segment o s c i l l a t i o n s  which 

occur a f t e r  boom release b u t  d i d  not s i g n i f i c a n t l y  a f f e c t  peak load ing  va lues  nor  

deployment t i m e s .  The tes t  s e t u p  was s e n s i t i v e  t o  c a s t o r  misalignments and d u s t  

p a r t i c l e s  on t h e  t a b l e  which tended t o  b i a s  and/or  s t o p  deployment. 

al ignment and thorough c l ean ing  of t h e  f l o o r  p r i o r  t o  each test  r u n  e l imina ted  

t h e s e  d i f f i c u l t i e s .  

Ca re fu l  c a s t o r  

V I .  TEST RESULTS 

Appropr ia te  i n s t rumen ta t ion ,  i nc lud ing  motion p i c t u r e  coverage,  w a s  used t o  

monitor  d i sp lacements ,  v e l o c i t i e s ,  a c c e l e r a t i o n s ,  l oads ,  and tempera tures  dur ing  

bo th  deployment systems performance tests. 

The RTG Boom tes t  r e s u l t s  i n d i c a t e d  g e n e r a l l y  s a t i s f a c t o r y  deployment system 

performance and r e p e a t a b i l i t y .  However, because of i n d i c a t e d  marginal  c a p a b i l i t y  

t o  l a t c h u p  a t  t h e  end of deployment, a damper release f e a t u r e  w a s  i nco rpora t ed  i n t o  

the.RTG deployment dampers subsequent t o  t h e  completion of deployment t e s t i n g .  The 

e x t e r n a l  damper des ign  w a s  modified t o  release t h e  damper cab le  about  1.25 i n .  be- 

f o r e  RTG boom la tchup.  Analys is  showed t h a t  t h i s  change provided s u f f i c i e n t  



. 

momentum t o  t h e  RTG Boom f o r  a p o s i t i v e  l a t chup  f o r  very  slow deployment condi- 

t i o n s ,  b u t  a t  t h e  same t i m e  d i d  n o t  r e s u l t  i n  o v e r s t r e s s i n g  t h e  RTG guide  tubes  

and suppor t  s t r u c t u r e  dur ing  f a s t  deployment cond i t ions .  The Magnetometer Boom 

test results i n d i c a t e d  p o t e n t i a l  problems i n  t h e  release mechanism and suppor t  

s t r u c t u r e .  Minor modi f ica t ions  i n  the  boom release mechanism des ign  e l imina ted  

t h e  i n t e r f e r e n c e  problems, and t h e  tests cont inued wi thou t  any s i g n i f i c a n t  problems. 

The deployment tests demonstrated the f u n c t i o n a l i t y  of t h e  boom deployment system 

as w e l l  as adequate  r e p e a t a b i l i t y  of f i n a l  boom o r i e n t a t i o n s .  

V I I .  DZPLOYl4ENT TEST SIMULATIONS 

Pre l iminary  s i inu la t ions  of t h e  deployment system tests v e r i f i e d  t e s t  concept  

f e a s i b i l i t y  and a ided  i n  s e l e c t i o n  of test  parameters .  These r e s u l t s  were used t o  

provide  quick-look a p p r a i s a l s  of t e s t  d a t a  and proved v a l u a b l e  i n  s p o t t i n g  t e s t  set- 

up and hardware anomalies.  The i n i t i a l  r u n s . o f  t h e  RTG deployment test r e s u l t e d  i n  

deployment t i m e s  somewhat s h o r t e r  than p r e d i c t e d  by pre l iminary  RTG test s e t u p  

s imula t ions .  A quick  check of t h e  damper f o r c e  ve r sus  v e l o c i t y  d a t a  r evea led  t h a t  

i t s  fo rce -ve loc i ty  c h a r a c t e r i s t i c s  were 10% lower than  expected.  This  dec rease  w a s  

a t t r i b u t e d  t o  wear and tear t h e  damper had undergone i n  t h e  many previous  component 

level tests. 

damper performance c h a r a c t e r i s t i c s  were inco rpora t ed  i n t o  t h e  RTG test s imula t ions .  

The deployment tests were cont inued wi thou t  i n t e r r u p t i o n  and r e v i s e d  

Tables  I and I1 compare a n a l y t i c a l  r e s u l t s  w i t h  measured test performance f o r  t h e  

RTG and Magnetometer Boom deployment tests. 

Agreement between a n a l y t i c a l  and tes t  r e s u l t s  w a s  w i t h i n  10% f o r  bo th  t h e  

RTG a n d  Magnetometer Boom. 

ment cond i t ions  e s t a b l i s h e d  the  v a l i d i t y  of t h e  a n a l y t i c a l  deploynent models and 

provided a f i r m  b a s i s  f o r  t h e i r  use i n  p r o j e c t i n g  i n - f l i g h t  performance of the . 

deployment s y s  tern. 

This  agreement over  a r e p r e s e n t a t i v e  range of depioy- 



* .  

TABLE I 

Summary of RTG Boom Deployment Test and Ana lys i s  C o r r e l a t i o n  

R e s u l t s  - T e s t I A n a l y t i c a l  

Temp. Ve loc i ty  Damper Load T i m e  
,Condition Damper Maximum Maximum Deployment 

"F i p s  l b  s sec. 

Nominal Deployment 78 7.017.1 30134 42.9142.5 

Max. Latchup Loading 120 14.1114 .O 35 135 12.3112.3 
w/o s i d e  loads  

Max. Latchup Loading 120 12.2112.3 34/35 14.0112.9 
wi th  s i d e  loads  

20 3.312.8 25/27 1561156 Max. Deployment T i m e  

TABLE I1 

Summary of Magnetometer Boom Deployment Test and Ana lys i s  C o r r e l a t i o n  

Condi t ion  Damper 
Temp. 
O F  

Nominal Oeployment 78 

Max. Latchup Loading 120 

Max. Surge Loading 20 

R e s u l t s  - Te . s t /Ana ly t i ca l  

Max. Con t ro l  Maximum Deployment 
Cable Loads Damper Load T ime  

l b  s l b s  sec. 

80185 13/16 12/14 

80177 14/17 719 

1181111 19/22 21/20 

Max. Deployment T i m e  20 38/33 716 82 I70 



VIII. IN-FLIGHT DEPLOYMENT ANALYSES 

The a n a l y t i c a l  deployment models were updated t o  r e f l e c t  parameter  d i f -  

f e r e n c e s  between t h e  t es t  ar t ic les  and f l i g h t  hardware. 

a n a l y t i c a l  model w a s  a lso modified to s i m u l a t e  t h e  damper release f e a t u r e  which 

w a s  i nco rpora t ed  i n t o  t h e  RTG deployment system des ign .  

The RTG deployment 

I n - f l i g h t  deployment performance f o r  t h e  range of expected i n - f l i g h t  en- 

v i ronmenta l  and hardware extremes was p red ic t ed  us ing  t h e  a n a l y t i c a l  models. 

These ana lyses  incorpora ted  t h e  e f f e c t s  of s p a c e c r a f t  s p i n  rate and wobble angle .  

In a d d i t i o n  t h e  RTG deployment a n a l y s i s  incorpora ted  t h e  i n t e r a c t i o n  between RTG 

Booms, and expected d i f f e r e n c e s  i n  t h e  deployment system parameters  from boom t o  

boom. The Xagnetometer Boom deployment a n a l y s i s  i nco rpora t ed  t h e  i n t e r a c t i o n  

between boom deployment and boom motion 'about t h e  n u t a t i o n  damper a x i s .  

These r e s u l t s  v e r i f i e d  s a t i s f a c t o r y  deployment system performance wi th  

adequate  s t r u c t u r a l  margins over the range of i n - f l i g h t  cond i t ions .  

IX. CONCLUSIONS 

The combined a n a l y s i s  and t e s t  program used t o  v e r i f y  i n - o r b i t  deployment 

c a p a b i l i t y  of Pione.er FIG append>ges is be l i eved  t o  b e  a r e l i a b l e  and c o s t  e f f e c t -  

i ve  technique.  The approach circumvented d e f i c i e n c i e s  i n h e r e n t  i n  a t t empt ing  t o  

re ly  s o l e l y  on e i t h e r  t e s t i n g  o r  a n a l y s i s  t o  provide  deployment v e r i f i c a t i o n .  

The program s u c c e s s f u l l y  incorporated:  

o Tests of a zero-g system i n  a one-g environment. 

o Non-spinning tests of spinning deployment systems. 

o T e s t s  t h a t  v e r i f i e d  t h e  analyses  as w e l l  as hardware f u n c t i o n a l i t y .  

o Ana lys i s  t o  p r o j e c t  f i n a l  i n - f l i g h t  deployment systems performance 

over  t h e  range of hardware and environmental  extremes. 
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