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SUMMARY 

S t r u c t u r a l  d y n a m i c  e n v i r o n m e n t a l  t e s t  l e v e l s  were 
d e v e l o p e d  Eor t h e    hem at i c  Mapper i n s t r u m e n t ,  c o m p o n e n t s  o f  t h e  
Tandberg-Hanssen  i n s t r u m e n t ,  and c o m p o n e n t s  o f  t h e  
I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r  ( I I J E )  s p a c e c r a f t  us i t ig  
N A S T R A N  s t r u c t u r a l  m o d e l s  and t e s t  d a t a .  Bo th  s t a t i c  and 
d y n a m i c  NASTRAN analyses were u s e d .  The  m o d e l  size r e q u i r e d  
c o u l d  be as s m a l l  a s  300 d e g r e e s  o f  f r e e d o m  f o r  t h e  s t a t i c  
a n a l y s i s  and  a s  l a r g e  a s  ' 0 0 0  d e g r e e s  of f r e e d o m  or  more f o r  
t h e  h i g h  f r e q u e n c y  dyne:. a n a l y s i s .  An i m p o r t a n t  s t e p  i n  t h e  
d e v e l o p m e n t  o f  t h e  l e v e l s  is mode l  v e r i f i c a t i o n  by t e s t .  The 
l a u n c h  e n v i r o n m e n t s  t h a t  g e n e r a l l y  d i c t a t e  many i m p o r t a n t  
f e a t u r e s  of t h e  d e s i g n  of a n  i n s t r u m e n t  o r  componen t  a r e  s t e a d y  
s t a t e  a c c e l e r a t i o n ,  s i n u s o i d a l  v i b r a t i o n ,  a n d  random v i b r a t i o n .  
T h e s e  a r e  t h e  e n v i r o n m e n t s  t h a t  t h e  a n a l y s t  s h o u l d  e x a m i n e  
c l o s e l y  w h e n  d e t e r m i n i n g  t h e  a p p r o p r i a t e  t e s t  l e v e l s .  

INTRODUCTION 

I n s t r u m e n t s  and c o m p o n e n t s  t h a t  a r e  d e s i g n e d  f o r  a e r o s p a c e  
a p p l i c a t i o n s  m u s t  f u n c t i o n  s a t i s f a c t o r i l y  a f t e r  b e i n g  e x p o s e d  
t o  the l a u n c h  e n v i r o n m e n t .  I n  order to  g a i n  a h i g h  l e v e l  o f  
c o n f i d e n c e  t h a t  t h e  i n s t r u m e n t  w i l l  f u n c t i o n  s a t i s f a c t o r i l y  
a f t e r  l a u n c h ,  t h e  i n s t r u m e n t  i s  s u b j e c t e d  t o  t e s t i n g  which  
a t t e m p t s  to  s i m u l a t e  t h e  c o n d i t i o n s  p r o d u c e d  by t h e  l a u n c h .  
T h e  p r i n c i p a l  t y p e s  of s t r u c t u r a l / d y n a m i c  t e s t i n g  u s e d  a r e  
s i n u s o i d a i  v i b r a t i o n ,  random v i b r a t i o n ,  a c o u s t i c  n o i s e ,  s h o c k ,  
a n d  s t e a d y  s t a t e  a c c e l e r a t i o n .  T h e s e  e n v i r o n m e n t s  a re  n o r m a l l y  
d e f i n e d  o r  s p e c i f i e d  a t  t h e  s p a c e c r a f t  l e v e l  and t h e  
e n v i r o n m e n t a l  t e s t  l e v e l s  f o r  the i n s t r u m e n t  t y p i c a l l y  have t o  
b e  d e t e r m i n e d  t h r o u g h  t e s t  a n d / o r  analysis. These l e v e l s  are 
i n f l u e n c e d  by t h e  d y n a m i c  c h a r a c t e r i s t i c s  o f  t h e  spacecraf t .  
Once t h e  tes t  l e v e l s  for  t h e  i n s t r u m e n t  a r e  e s t a b l i s h e d ,  one 



c a n  p r o c e e d  one more step and g e n e r a t e  the t e s t  l e v e l s  f o r  
c o m p o n e n t s  mounted  w i t h i n  t h e  i n s t r u m e n t .  T h e  tes t  levels f o r  
t h e  c o m p o n e n t s  a r e  t h e n  a f u n c t i o n  o f  t h e  d y n a m i c  
c h a r a c t e r i s t i c s  of t h e  i n s t r u m e n t .  F i g u r e  1 p r o v i d e s  a t y p i c a l  
e n v i r o n i n e n t a l  t e s t  and a n a l y s i s  p l a n .  

The  t e s t  l e v e l s  f o r  t h e  i n s t r u m e n t  o r  c o m p o n e n t s  c a n  be 
d e t e r m i n e d  by p e r f o r m i n g  t h e  a p p r o p r i a t e  a n a l y s i s  u s i n g  N A S T R A N  
s t r u c t u r a l  m o d e l s .  A l t e r n a t e l y ,  t e s t  l e v e l s  can a l s o  be 
e s t a b l i s h e d  f rom a c t u a l  t e s t  d a t a  o b t a i n e d  d u r i n g  s p a c e c r a f t  
s y s t e m  t e s t i n g  of t h e  ha rdware .  However ,  i n  most cases, 
t e s t i n g  0 6  t h e  s p a c e c r a f t  h a r d w a r e  d o e s  n o t  o c c u r  u n t i l  
s o r n e t i n ~ c  a£! ? r  t h e  d e s i g n  l e v e l s  h a v e  b e e n  e s t a b l i s h e d  f o r  t h e  
i n s t r u m e n t  a-A c o m p o n e n t .  When t e s t  d a t a  a re  a v a i l a b l e ,  
however, t h e y  a r e  u s e d  t o  e v a l u a t e  t h e  test l e v e l s  t h a t  h a v e  
been  p r e v i o u s l y  d e t e r m i n e d  t h r o u g h  a n a l y s i s  and these l e v e l s  
a r e  u p d a t e d  o r  m o d i f i e d  a s  deemed n e c e s s a r y .  T h e  t e s t  d a t a  
s h o u l d  a l s o  be used t o  e x a m i n e  t h e  v e r a c i t y  of t h e  NASTRAN 
model .  A n  a t t e m p t  s h o u l d  always be made t o  a c h i e v e  yoad 
c o r r e l a t i o n  b e t w e e n  model  p r e d i c t i o n s  and a c t u a l  t e s t  d a t a .  

NASTRAN MODELS 

Model S i z e  

T h e  s i z e  of t h e  N A S T R A N  m o d e l  t h a t  is r equ i r ed  i n  terms of 
d e g r e e s  of f reedom is  d e p e n d e n t  upon t h e  t y p e  o t  a n a l y s i s  t h a t .  
o n e  is p e r f o r m i n g ,  T h e  a n a l y s i s  c a n  b e  d i v i d e d  i n t o  two 
g e n e r a l  t y p e s ,  s t a t i c  a n a l y s i s  and d y n a m i c  a n a l y s i s .  S t a t i c  
s n a l y s i s  is used  t o  s i ~ n u l a t e  the s t e a d y  s t a t e  a c c e l e r a t i o n  
c o n d i t i o n  while d y n a m i c  a n a l y s i s  i s  u s e d  t o  simulate s i n u s o i d a l  
v i b r a t i o n ,  random v i b r a t i o n ,  a c o u s t i c  n o i s e  and shock. F o r  
s t a t i c  a n a l y s i s  a N A S T R A N  model  s i z e  of b e t w e e n  3 0 0  and 50G 
d e g r e e s  of f reedom i s  normally a d e q t i a t e  for d e t e r m i n i n g  
c r i t i c a l  l o a d s  for most i n s t r u m e n t s .  However, i f  one wishes t o  
d e t e r m i n e  stresses i n  s e n s i t i v e  a r e a s  o f  t h e  i n s t r u m e n t ,  a more 
d e t a i l e d  model  may be r e q u i r e d .  The  problem w i t h  a d e t a i l e d  
model  is t h a t  i t  t a k e s  a long time t o  g e n e r a t e  and t h e n  i t  
t a k e s  a l o n g  t i m e  to  r u n  o n  t h e  c o m p u t e r .  A p r e f e r r e d  
t e c h n i q u e  fo r  s t a t i c  a n a l y s i s  is ko d e t e r m i n e  t h e  c r i t i c a l  
l o a d s  from t h e  smaller 3 0 0  t o  5 0 0  d e g r e e  of f r e e d o m  model  and 
t h e n  p e r f o r m  a d e t a i l . e d  hand  c a l c u l a t e d  stress a n a l y s i s  o f  t h e  
p a r t s  t h a t  a re  most s e n s i t i v e .  



For dynamic a n a l y s i s  the s i z e  of t h e  model r e q u i r e d  
depends upon t h e  p a r t i c u l a r  envi ronment  t h a t  i s  b e i n g  
s i m u l a t e d .  S i n u s o i d a l  v i b r a t i o n  t es t  s p e c i f i c a t i o n s  c o v e r  
f r e q u e n c i e s  up to  200 H e r t z  ( H z ) ,  and a  model of  between 300 
and 300 d e g r e e s  of f reedom f o r  an i n s t r u m e n t  is  u s u a l l y  
adequa te .  Random vibration s p e c i f i c a t i o n s  c o n t a i n  f r e q u e n c i e s  
up  t o  2 0 0 0  Hz and shock  c o n t a i n s  f r e q u e n c i e s  up t o  4000 H z .  
F o r  t h e s e  e n v i r o n m e n t s ,  a  much more d e t a i l e d  model i s  
n e c e s s a r y ,  p o s s i b l y  2 0 0 0  t o  3 0 0 0  d e g r e e s  of f reedom o r  more, 
T h e  l a r g e r  d e t a i l  is n e c e s s a r y  t o  p r o v i d e  c o n f i d e n c e  t h a t  the 
h i g h  f c e q u e n c y  modes are  r e a l i s t i c a l l y  r e p r e s e n t e d .  

A c o u s t i c  n o i s e  c o n t a i n s  f r e q u e n c i e s  up to  1 0 , 0 0 0  Hz and 
would require a n  e x t r e m e l y  d e t a i l e d  model for a c c u r a t e  
p r e d i c t i o n s .  A c o u s t i c  n o i s e  is  a l s o  a very complex e n v i r o n m e n t  
t o  r e p r e s e n t  a n a l y t i c a l l y  and t h i s  type a n a l y s i s  is r a r e l y  
per formed.  P a r t  of t h e  reason for n o t  d o i n g  a c o u s t i c  n o i s e  
a n a l y s i s  is t h a t  h i s t o r i c a l l y  i t  h a s  been  o b s e r v e d  t h a t  it does 
n o t  p roduce  s i g n i f i c a n t  s t r u c t u r a l  l o a d s  e x c e p t  on t h i n  f i l m e d  
windows o r  items t h a t  have l a r g e  areas and l a w  masses  s u c h  a s  
s o l a r  a r r a y s .  For t h e s e  items a n  a c s u s t i c  t e s t  i s  recommended. 
The f o r e g o i n g  d i s c u s s i o n  d e m o n s t r a t e s  t h a t  b e f o r e  t h e  a n a l y s t  
g e n e r a t e s  a NASTRAN model ,  h e  s h o u l d  d e t e r m i n e  what  t h e  u s e  of 
t h e  model i s  r e a l l y  g o i n g  t o  b e  and t h e n  dec ide  upon an 
a p p r o p r i a t e  s i z e .  P e r h a p s  i t  may be a d v a n t a g e o u s  o r  e v e n  
n e c e s s a r y  to produce mode l s  of d i f f e r e n t  s i z e s .  

Model V e r i f i c a t i o n  by T e s t  

The p r e d i c t i o n s  from t h e  model s h o u l d  be checked a g a i n s t  
a c t u a l  t e s t  d a t a  a s  early i n  a program as p o s s i b l e .  One needs 
to run a n  a n a l y s i s  u s i n g  t h e  model whfzh r e p r e s e n t s  t h e  test 
c o n f i g u r a t i o n  of  t h e  ha rdware .  The t e s t  d o e s  n o t  have to b e  a 
very s e v e r e  h i g h  l e v e l  t e s t .  P r e f e r r a b l y ,  it s h o u l d  be a  low 
level t e s t .  A s t a t i c  l o a d  t e s t  where l o a d s  a r e  a p p l i e d  a t  
p a r t i c u l a r  p o i n t s  o n  t h e  i n s t r u m e n t  and d e f l e c t i o n s  a r e  
measured c a n  be used f o r  model v e r i f i c a t i o n .  To v e r i f y  t h e  
dynamic c h a r a c t e r i s t i c s  of t h e  model ,  a low l e v e l  s i n u s o i d a l  
sweep can be done on t h e  i n s t r u m e n t  w i t h  r e s p o n s e  d a t a  recorded 
on  magne t i c  tape. The d a t a  can  t h e n  be  a n a l y z e d  by p l o t t i n g  
a c c e l e r a t i o n  l e v e l s  v e r s u s  f r e q u e n c y  and comparing t h e s e  t o  
p r e d i c t  i o n s  from t h e  model .  Also ,  c o i n c i d e n t  and q u a d r a t u r e  
p l o t s  v e r s u s  f r e q u e n c y  c a n  be made t o  d e t e r m i n e  mode s h a p e s  and 
modal damping. Ano the r  t e s t  t h a t  c a n  be used f o r  dynamic 
v e r i f i c a t i o n  is  t h e  modal s u r v e y  t e s t .  I n  t h i s  t e s t  t h e  
i n s t r u m e n t  is e x c i t e d  by a low l e v e l  i n p u t ,  g e n e r a l l y  random 
v i b r a t i o n .  T h e r e  a r e  s e v e r a l  au tomated  modal s u r v e y  t e s t  



packages w h i c h  store d a t a  from t h e  t e s t  and t hen  compute the 
mode f r e q u e n c y ,  mode shape, and modal damping a u t o m a t i c a l l y  a s  
w e l l  a s  d i s p l a y  t h e  mode shape  on a  screen.  

Regardless of the t e s t i n g  t e c h n i q u e  used  t o  v e r i f y  t h e  
model, the knowledge  that t h e  model a g r e e s  w e l l  w i t h  t e s t  d a t a  
i s  v e r y  r e a s s u r i n g .  Once good c o r r e l a t i o n  is o b t a i n e d  between 
model p r e d i c t i o n s  and t es t  d a t a ,  t h e  model call be used w i t h  
c o n f i d e n c e  t o  e v a l u a t e  t h e  effect of  d e s i g n  changes o r  t o  
p r e d i c t  responses to  v a r i o u s  types of i n p u t s .  W i t h  the advent 
of t h e  Space S h u t t l e  t h e  trend seems to be a deemphas i s  on 
q u a l i f i c a t i o n  t y p e  s t r u c t u r a l  t e s t i n g  w i t h  more r e l i a n c e  placed 
o n  p r e d i c t i o n s  by a n a l y s i s .  T-Iowever, t h i s  t r e n d  s h o u l d  n o t  be 
i n t e r p r e t e d  t o  mean t h a t  no t e s t i n g  need be done. T e s t i n g  to 
p r o v i d e  a s s u r a n c e  of mode l  v e r a c i t y  i s  s t i l l  v e r y  i m p o r t a n t ,  

NASTRAN A N A L Y S I S  METHODS 

S t e a d y  S t a t e  A c c e l e r a t i o n  

T h e  s t e a d y  state a c c e l e r a t i o n  l e v e l s  a r e  d e f i n e d  i n  terms 
of g r a v i t a t i o n a l  a c c e l e r a t i o n  u n i t s  (9's) f o r  t h e  t h r u s t  and 
i a t ~ r a l  d i r e c t i o n s .  For example, 16.8 g ' s  t h r u s t  and 3 . 0  g ' s  
Lateral  a r e  t y p i c a l  f o r  a Delta l a u n c h e d  p a y l o a d .  The s t a t i c  
a n a l y s i s ,  R i c j i d  Pormat 1, i s  used f o r  ste:?dy state a c c e l e r a t i o n  
analysis. The most f l e x i b l e  way t o  run  the a n a l y s i s  is to 
a p p l y  a l.C g load  i n  each of the t h r e e  orthogonal axes  and 
t h e n  use s u b c a s e  c o m b i n a t i o n s  ( S U B C O M )  to o b t a i n  bhe d e s i r e d  
combina t ion  of l o a d s .  

S i n u s o i d a l  V i b r a t i o n  

T h e  s i n u s o i d a l  v i b r a t i o n  analysis is n o r m a l l y  performed 
us ing  f r q u e n c y  r e s p o n s a  a n a l y s i s ,  E i t h e r  t h e  direct 
E a r m u l a t i o n ,  R i g i d  Format 8 ,  o r  t h e  modal f o r m u l a t i o n ,  R i g i d  
Pormat 11, can  be u s e d .  T h e  modal f o r m u l a t i o n  is prefer red  
because a n  e i g e n v a l u e  analysis c a n  f i r s t  be performed and t h e  
modes saved o n  t a p e .  T h i s  i n f o r m a k i o n ,  a f t e r  c h e c k i n g ,  i s  used 
i n  a r e s t a r t  f o r  t h e  f r e q u e n c y  r e s p o n s e  a n a l y s i s .  

The s i n u s o i d a l  v i b r a t i o n  t es t  l e v e l s  are d e f i n e d  2 s  g ' s  
ilersus frequency and t he  frequency r a n g e  is u s u a l l y  5 JIz t o  200 



tlz. T o  run t h e  a n a l y s i s  o n e  can  i n p u t  t h e  s i n u s o i d a l  l e v e l s  a s  
d e f i n e d  i n  t h e  s p e c i f i c a t i o n  a n d  o b s e r v e  t h e  r e s p o n s e  l e v e l s  a t  
p o i n t s  o f  i n t e r e s t .  Flowever, a m o r e  i n f o r m a t i v e  m e t h o d  i s  to  
i n p u t  a c o n s t a n t  u n i t  a c c e l e r a t i o n  and  observe the  r e s p o n s e  a t  
t h e  p o i n t s  o f  i n t e r e s t  b e c a u s e  using a c o n s t a n t  i n p u t  d r a w s  a  
much c l e a n e r  p i c t u r e  o f  t h e  r e s p o n s e  c h a r a c k e r i s  t i c s .  

The m a c j ~ ~ i t u d e  o f  t h e  r e s p o n s e s  d e p e n d s  upon  t h e  v a l u e  t h a t  
is  c h o s e n  f o r  s t r u c t u r a l  d a m p i n g  a n d  h e n c e  m o d a l  a m p l i f i c a t i o n  
( Q )  s i n c e  modal Q e q u a l s  t h e  r e c i p r o c a l  o f  s t r u c t u r a l  d a m p i n g .  
P r e v i o u s  t e s t i n g  of i n s t r u m e n t s  a n d  c o ~ n p o n e n t s  has s h a w n  that a 
modal Q of- 15 i s  g e n e r a l l y  a c o n s e r v a t i v e  a s s u m p t i o n  f o r  
a n a l y s i s .  Assuming  moda l  Q 1 s  g r e a t e r  t h a n  15 q u i t e  f r e q u e n t l y  
r e s u l t s  i n  v e r y  h i g h  r e s p o n s e  l e v e l s  and c o n s e q u e n t l y  
u n n e c e s s a r y  d e s i g n  changes .  As a g e n e r a l  r u l e  of t h u m b ,  
response l e v e l s  g r e a t e r  than 2 0  g q s  w o u l d  n o t  b e  e x p e c t e d  d u e  
t o  t h e  d y n a m i c s  of the l a u n c h  e n v i r o n m e n t .  T h e r e f o r e ,  u n l e s s  
t h e r e  is s u b s t a n t i a t i n g  e v i d e n c e  a v a i l a b l e ,  o n e  s h o u l d  n o t  
assume Q ' s  too h i g h  i n  t h e  a n a l y s i s .  

A n o t h e r  variable i n  t h e  f r e q u e n c y  r e s p o n s e  a n a l y s i s  is  the 
f r e q u e n c y  a t  w h i c h  r e s p o n s e  c a l c u l a t i o n s  a r e  made. T h e  
f r e q u e n c y  c a n  be d e f i n e d  by a t a b u l a r  l i s t i n g  o f  d i s c r e t e  
f r e q u e n c i e s ,  a l i n e a r  s p a c i n g  w h e r e  a f r e q u e n c y  i n c r e m e n t  is  
c h o s e n ,  o r  a l o g a r i t h m i c  s p a c i n g  where t h e  number  of 
l o g a r i t h l n i c  i n t e r v a l s  b e t w e e n  t h e  f i r s t  a n d  l a s t  f r e q u a n c y  is  
c h o s e n .  I t  is  important  f o r  one t o  p i c k  t h e  p r o p e r  f r e q u e n c i e s  
f o r  t h e  r e s p o n s e  c a l c u l a t i o n s  so a s  n o t  to  miss a n y  p e a k s  t h a t  
o c c u r .  Us ing  t h e  m o d a l  f o r m u l a t i o n  o n e  c a n  a c c o m p l i s h  t h i s  by 
f i r s t  d o i n g  a n  e i g e n v a l u e  a n a l y s i s ,  r e s t a r t i n g ,  a n d  t h e n  
i n c l u d i n g  a l l  of t h e  m o d a l  Erequencias, a s  wel l  a s  f r e q u e n c i e s  
o n  e i t h e r  side, i n  a t a b u l a r  l i s t i n g  o f  f r e q u e n c i e s  t o  b e  u s e d  
f o r  t h e  r e s p o n s e  c a l c u l a t i o n s .  F o r  t h e  case of l i n e a r  o r  
l o g a r i t h m i c  s p a c i n g  t h e  r e q u i r e d  f r e q u e n c y  i n c r e m e n t  o r  t h e  
n u m b e r  of l o g a r i t h m i c  i n t e r v a l s  c a n  b e  d e t e r m i n e d  a n a l y t i c a l l y .  
F o r  e x a m p l e ,  a s s u m i n g  a Q of 1 5 ,  i n  o r d e r  t o  be sure t h a t  t h e  
c a l c u l a t e d  r e s p o n s e  is  a t  l e a s t  90% o f  the peak r e s p o n s e  a 
f r e q u e n c y  i n c r e m e n t  of 0 . 0 3 2  times t h e  l o w e s t  f r e q u e n c y  of 
i n t e r e s t  is r e q u i r e d  a n d  1 1 4  l o g a r i t h m i c  i n t e r v a l s  are r e q u i r e d  
f o r  a n a l y s i s  b e t w e e n  5 Hz and 2 0 0  Hz ( s ee  A p p e n d i x ) .  

Random V i b r a t i o n  

Random ~ i b r d t i o n  a n a l y s i s  is  p e r f o r m e d  u s i n g  R i g i d  F o r m a t s  
8 o r  11 a s  a n  e x t e n s i o n  o f  t h e  f r e q u e n c y  r e s p o n s e  a n a l y s i s .  
One must: r u n  t h e  f r e q u e n c y  r e s p o n s e  a n a l y s i s  to  ge t :  t h e  ran~lom 



r e s p o n s e  a n a l y s i s .  The o n l y  a d d i t i o n a l  r e q u i r e m e n t  is the 
i n c l u s i o n  o f  the power s p e c t r a l  d e n s i t y  ( 9  2 / ~ 3 z )  l o a d i n g  
d e s c r i p t i o n ,  the T A B R N D l  c a r d ,  wh ich  d e f i n e s  g2/Hz v e r s u s  
f r e q u e n c y .  

Shack 

S h o c k  a n a l y s i s  can  be p e r f o r m e d  i n  NASTRAN b u t  t h e  
u n c e r t a i . n t y  of t h e  definition of t h e  i n p u t  makes t h e  r e s u l t s  
q u e s t i o n a b l e .  The s h o c k  l e v e l  i s  d e s c r i b e d  a s  a s h o c k  r e s p e n s a  
s p e c t r u m  which is a s h o c k  r e s p o n s e  l e v e l  ( r e s p o n s e  9's) a s  a 
f u n c t i o n  of frequency. Tn o r d e r  t o  p e r f o r m  a s h o c k  analysis, 
t h i s  s ; jock  r e s p o n s e  s p e c t r u m  m u s t  be c o n v e r t e d  t o  a t r a n s i e n t  
p u l s e .  The p r o b l e m  i s  t h a t  a given shock r e s p o n s e  s p e c t r u m  does 
n o t  c o r r e s p o n d  t o  a u n i q u e  t r a n s i e n t  i n p u t  p u l s e .  T h e r e  c o u l d  
b e  s e v e r a l  d i f f e r e n t  t y p e s  o f  t r a n s i e n t s  t h a t  g i v e  t h e  same 
shock r e s p o n s e  s p e c t r u m ,  I f  o n e  d o e s  c o n v e r t  t h e  shock r e s p o n s e  
s p e c t r u m  to  a t r a n s i e n t  p u l s e ,  e i t h e r  t h e  d i r e c t  t r a n s i e n t  
r e s p o n s e ,  R i g i d  F o r m a t  9 ,  o r  t h e  modal  t r a n s i e n t  r e s p o n s e ,  R i g i d  
Format  1 2 ,  c a n  be used  f o r  the a n a l y s i s .  

T h e  t r a n s m i s s i o n  of a s h o c k  p u l s e  through a s t r u c t u r e  is  
s u s c e p t i b l e  t o  the number of j o i n t s  a n d  the f i x i t y  of t h e s e  
j o i n t s  in t h e  p a t h  of t h e  pulse. This c h a r a c t e r i s t i c  is  
d i f f i c u l t  t o  m o d e l .  T h e r e f o r e ,  c a u t i o n  s h o u l d  be u s e d  when 
i n t e r p r e t i n g  the r e s u l t s  o f  a s h o c k  a n a l y s i s .  

TEST LEVEL DEVELOPMENT 

The p a t h s  for test l e v e l  d c v e l o p r n e n t  f o r  i n s t r u m e n t s  o r  
c o m p o n e n t s  c a n  p r o c e e d  i n  s e v e r a l  d i f f e r e n t  d i r e c t i o n s .  T h r e e  
e x a m p l e s  w i l l  be g i v e n ,  The f i r s t  is  a r e v i e w  of m e t h o d s  
e ~ n p l o y e d  for t h e  d e v e l o p m e n t  o f  l e v e l s  fo r  t h e  c o m p o n e n t s  o n  t h e  
p r e s e n t l y  o r b i t i n g  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer ( T U E )  
s p a c e c r a f t .  T h e  s e c o n d  i s  a d e s c r i p t i o n  of the d e v e l o p m e n t  of 
the t e s t  l e v e l s  f o r  c o m p o n e n t s  of t h e  Tandberg-Manssen  
i n s t r u m e n t .  T h i s  i s  a n  i n s t r u ~ n e n t  t h a t  will be f l o w n  on  t h o  
Solar Maxi~num Mis;ion ( S M M )  s p a c e c r a f t  d u r i n g  1979 .  The  t h i r d  
i s  t h e  d e v e l o p m e n t  of t e s t :  l e v e l s  f o r  t h e  T h e l n a t i c  Mapper 
i n s t r u m e n t .  This i n s t r u m e n t  will be p a r t  of t h e  LANDSAT-D 
m i s s i o n  and i s  s c h e d u l e d  for l a u n c h  i n  1381.  The t h r e e  
s i t u a t i o n s  a re  d i f f e r e n t  a s  will b e  explained. 



IUE Components 

The sys t em t e s t  levels for  the I U E  s p a c e c r a f t  ( r e f e r e n c e  1) 
were d e f i n e d  and known. Based on t h i s  i n f o r m a t i o n ,  tes t  l e v e l s  
f o r  the components  were developed for s i n u s a i d a l  v i b r a t i o n ,  
random v i b r a t i o n ,  a c o u s t i c  noise, shock, and steady s t a t e  
a c c e l a r a t i o n  ( r e f e r e n c e  2 ) .  S i n c e  the i n p u t  t o  t h e  s p a c e c r a f t :  
was known, t h e  problem became one of determining t h e  r e s p o n s e  of 
t h e  s p a c e c r a f t  a t  v a r i o u s  l o c a t i o n s  which would d e s c r i b e  t h e  
env i ronmen t  seen by a component mounted a t  t h a t  l o c a t i o n .  A 
g r a p h i c a l  r e p r e s e n t a t i o n  of the  I U E  spaceerakt is shown i n  
f i g u r e  2 a n d  t h e  NASTRAN models  are  shown i n  f i g u r e s  3 and 4 .  
For s t e a d y  s t a t e  a c c e l e r a t i o n  and a c o u s t i c  noise t h e  l eve l s  f o r  
the components  a re  t h e  satne a s  the l e v e l s  for the s p a c e c r a f t .  
For t h e  o t h e r  e n v i r o i ~ m e n t s  the l e v e l s  for t h e  components  are  
d e p e n d e n t  upon t h e  dynamic response of the s p a c e c r a f t .  

The  IUE Projec t  was f o r t u n a t e  i n  t h a t  a s t r u c t u r a l  model of 
t h e  s p a c e c r a f t  was a v a i l a b l e  v e r y  e a r l y  i n  the program for 
t e s t i n g .  Cansequenkly, t h e  component test levels for s i n u s o i d a l  
v i b r a t i o n ,  random v i b r a t i o n ,  and shock were d e r i v e d  direckly 
from test d a t a .  However, before t h e  t e s t i n g  started, frequency 
response r u n s  were made with t h e  NASTRAN model t o  p r o v i d e  
p r e d i c t i o n s  of t h e  r e s g a n s e s  a t  particular Locations. These  
p r e d i c t i o n s  agreed we11 w i t 1 1  the t es t  d a t a .  Al though t h e  
NASTRAN model of t h e  I U E  spacecraf t  was n o t  used t o  d e v e l o p  
component test  l e v e l s ,  i t  was used e x t e n s i v e l y  i n  performing 
coupled  launch vehicle/spacecraft l a u n c h  l o a d s  a n a l y s e s  and a l s o  
to  p r e d i c t  o c c u r r e n c e s  d u r i n g ,  khe s i n u s o i d a l  v i b r a t i o r ,  test of 
t h e  s p a c e c r a f t .  

The t e c h n i q u e  f o r  d e v e l o p i n g  t h e  s i n u s o i d a l  v i b r a t i o n  t e s t  
l e v e l s  for i n s t r u m e n t s  o r  components  is  f a i r l y  s t r a i g h t f o r w a r d .  
T h e  method i s  t o  e n v e l o p  t h e  peak responses i n t o  a smooth 
s p e c t r u m  a s  shown i n  figure 5.  The same a p p l i e s  for shock 
response spec t rum t e s t  l e v e l s  as  shown i n  f i g u r e  6 .  

The random , v i b r a t i o n  t es t  levels were a l s o  developed from 
t e s t  d a t a .  However, one s h o u l d  n o t  u s e  t h e  method of e n v e l o p i n g  
t h e  peak responses b e c a u s e  t h i s  r e s u l t s  i n  a s u b s y s t e m  t e s t  
specification that is much more s e v e r e  t h a n  L t  s h o u l d  be, F o r  
the IUE components ,  t h e  test d a t a  w e r e  d i v i d e d  i n t o  a p p r o p r i a t e  
g r o u p s  and a s t a t i s t i c a l  a n a l y s i s  ( r e f e r e n c e  3 )  was pe r fo rmed  t o  
establish the randon v i b r a t i o n  s p e c i f i c a t i o n  f o r  e a c h  group. 
More refined methods ( r e fe rence  4 and reference 5 )  a l so  c o n s i d e r  
t h e  darnasing effects of t h e  env i ronmen t  when d e v e l o p i n g  t h e  
subsys t am tes t  l e v e l s .  



T a n d b e r s - H a n s s e n  Components  

T h e  t c s  t Icvc ls  f o r  t h e  T a n d b e r g - N a n s s e n  i n s  t r u i n e n t  were 
e s t a b l i s h e d  (reference 6 )  and t w o  NASTRAN models of the 
i n s t r u m e n t  were g e n e r a t e d ,  O n e  was a s m a l l  s i i ~ l p l e  400 d e g r e e  o f  
f r e e d o m  beam illode1 a n d  the o t h e r  was a  very d e t a i l e d  4000 d e g r e e  
of f r e e d o m  model .  T h e  small  m o d e l  is shown i n  f i g u r e  7 a n d  t h e  
l a r g e  model i n  f i g u r e  8 ,  The m a i n  p u r p o s e  of t h e  s m a l l  model  
was to  p r o v i d e  t h e  SMb1 P r o j e c t  with a n  adequa te  d y n a m i c  
r e p r e s e n t a t i o n  of t h e  i n s t r u m e n t  t o  be used i n  the c o u p l e d  
l a u n c h  v e h i c l e / s p a z e c r a E t  l aunch  l o a d s  a n a l y s i s .  The  l a r g e  
model waz used  t o  d e v e l o p  s i n u s o i d a l .  and  random v i b r a t i o n  t e s t  
l e v e l s  f o r  s e l e c t e d  c o m p o n e n t s  a n d  a l so  t o  exarnine  c r i t i c a l  
loads f o r  b o t h  klic; s t a t i c  and d y n a m i c  e n v i r o n m e n t s .  

T h e  s i n u s o i d a l  v i b r a t i o n  l e v e l s  f o r  o n e  componen t ,  t h e  
polarime t e r ,  were d e v e l o p e d  by f i r s t  u s i n g  t h e  NASTRAN modal. 
f r e q u e n c y  r e s p o n s e  a n a l y s i s .  The model was e x c i t e d  i n  e a c h  a x i s  
a c c o r d i n g  to  the i n p u t  l e v e l s  d e s c r i b e d  f o r  t h e  i n s t r u m e n t  
( r e f e r e n c e  6 )  and r e s p o n s e  p l o t s  were made a t  a  p o i n t  
c o r r e s p o n d i n g ' t o  t h e  m o u n t i n g  l o c a t i o n  of t h e  p o l a r i m e t e r .  The  
r e s p o n s e  p l o t s  r=-present ing  the t h r u s t  d i r c c t i o n  were examined  
a s  we l l  a s  khe  r )%pons@ plots r e p r e s e n t i n g  t h e  l a t e r a l  
d i r e c t i o n s .  The peaks  of t h e  r e s p o n s e s  were e n v e l o p e d  t o  
d e v e l o p  a c o r r e s p o n d i n g  t h r u s t  a x i s  s p e c i f i c a t i o n  and a 
c o r r e s p o n d i n g  l a t e r a l  a x i s  s p e c i f i c a t i o n .  

A c r i k i c a l  c o m p o n e n t  i n  t h e  i n s t r u m e n t  is t h e  circular f l e x  
p i v o t .  The  s e c o n d a r y  mirror/two a x i s  g i m b a l  a s s e m b l y  is 
s u p p o r t e d  by f o u r  of t hese  p i v o t s  and t h e  p i v o t s  a re  
p a r t i c u l a r l y  s u s c e p t i b l e  t o  failure d u e  t o  random v i b r a t i o n .  
Even the l a r g e  rnodei d i d  not have  t h e  f l e x  p i v o t  - s e c o n d a r y  
mi rror/two a x i s  g i m b a l  a s s e r n b l y  m o d e l l e d .  T h e r e f o r e ,  t h e  p l a n  
was t o  r u n  a random r e s p o n s e  a n a l y s i s  u s i n g  t h e  l a r g e  m o d e l  and  
p i c k  a r e s p o n s e  p o i n t  t h a t  would  r e p r e s e n t  t h e  i n p u t  to  t h e  
s e c o n d a r y  mirror/two a x i s  gimbal  a s s e m b l y .  T h e n ,  u s i n g  t h e  
c a l c u l a t e d  r e s p o n s e ,  a random v i b r a t i o n  s p e c i f i c a t i o n  w o u l d  be 
generated for t h e  secondary mirror and  g i m b a l  assernbly. The  
a n a l y s i s  was r u n ,  the r e s p o n s e s  were p l o t t e d ,  a n d  t h e  random 
v i b r a t i o n  s p e c i f i c a t i o n  was d e t e r m i n e d  using t h e  m e t h o d s  
p r e v i o u s l y  c i t e d  ( r e f e r e n c e  4 ) .  

Deve lopment  of a random v i b r a t i o n  s p e c i f i c a t i o n ,  w h e t h e r  i t  
be f r o m  t e s t  data o r  f r o m  a n a l y t i c a l  p r e d i c t i o n s ,  i s  a 
s u b j e c t i v e  p r o c e d u r e .  The  m o r e  r e f i n e d  m e t h o d s  ( r e f e r e n c e  4 a n d  
r e f e r e n c e  5 )  a r e  a s t e p  in the d i r e c t i o n  of removing  some o f  t h e  
s u b j e c t i v e n e s s .  However ,  e v e n  these m e t h o d s  are n o t  u n i v e r s a l l y  
a c c e p t e d .  W i t h o u t  g o i n g  t h r o u g h  t h e  r e f i n e d  t e c h n i q u e s ,  a 
suggested method i s  ko m a n u a l l y  s m o o t h  o u t  t h e  r e s p o n s e  so t h a t  



t h e  r e u s l t i n g  s p e c i f i c a t i o n  h a s  a n  o v e r a l l  l e v e l  t h a t  is no  more 
t h a n  a p p r o x i m a t e l y  two times t h e  o v e r a l l  l e v e l  of t h e  r e s p o n s e .  
A n  example o f  t h i s  t e c h n i q u e  is  shown i n  f i g u r e  9 .  

Themat i c  Mapper 

The Themat ic  Mapper is  a l a r g e  and complex e a r t h  v i ewing  
i n s t r u m e n t  t h a t  w i l l  be f lown on  t h e  LANDSAT-D s p a c e c r a f t .  
Because it r e p r e s e n t s  a n  advanced long- l ead  time i t e m ,  t h e  
instrumen.8 is be ing  d e s i g n e d  and b u i l t  p r i o r  t o  t h e  s p a c e c r a f t .  
C o n s e q u e n t l y ,  t h e  tes t  and d e s i g n  l e v e l s  for t h e  i n s t r u m e n t  have  
had t o  be deve loped  before t h e  dynamic c h a r a c t e r i s t i c s  of t h e  
s p a c e c r a f t  become known. Also, t h e  t e s t  l e v e l s  have been  made 
c o m p a t i b l e  w i t h  b o t h  t h e  l a u n c h  env i ronmen t  o f  t h e  D e l t a  l a u n c h  
v e h i c l e  and t h e  l a u n c h  and r e c o v e r y  e n v i r o n n e n t s  o f  t h e  Space  
S h u t t l e .  The t e s t  l e v e l s  d e v e l o p e d  f o r  the Themat i c  Mapper a r e  
s i n u s o i d a l  v i b r a t i o n ,  random v i b r a t i o n ,  s h o c k ,  a c o u s t i c  n o i s e ,  
and s t e a d y  s t a t e  a c c e l e r a t i o n .  

The s t e a d y  s t a t e  a c c ~ l e r a t i o n  l e v e l s  used for t h e  Themat i c  
Mapper cove red  D e l t a  laun '4 ( r e f e r e n c e  lj and S h u t i l e  l a u n c h ,  
l a n d i n g ,  and c r a s h  ( r e E e r e n c e  7 and r e f e r e n c e  8 ) .  The a c o u s t i c  
n o i s e  s p e c i f i c a t i o n  v a s  based  on t h e  w o r s t  c a s e  c o m b i n a t i o n  of 
t h e  D e l t a  and S h u t t l e  env i ronmen t .  The p r e d i c t e d  a c o u s t i c  
env i ronmen t  fo r  t h e  S h u t t l e  below 200  Hz i s  s i g n i f i c a n k l y  h i g h e r  
t h a n  t h e  env i ronmen t s  of any o f  t h e  e x p e n d a b l e  l a u n c h  v e h i c l e s .  
To c o v e r  this c o n d i t i o n ,  a  low f r e q u e n c y  random v i b r a t i c - 1  t e s t  
was specified from 20  Hz t o  200  Hz. The  d e t e r m i n a t i o n  of  t h e  
random v i b r a t i o n  l e v e l s  was based  on a p r o c e d u r e  o u t l i n e d  f o r  
Shuttle p a y l o a d s  ( r e f e r e n c e  8 ) .  T h i s  proced  J-e r e q u i r e s  
knowledge of  t h e  mass  d i s t r i b u t i o n  of t h e  pay load  from which 
r e a c t i o n  l o a d s  a r e  c a l c u l a t e d .  For  t h e  Themat i c  Mapper t h e  
payload  i s  t h e  LANDSAT-D s p a c e c r a f t  mounted i n  a  c r a d l e .  Si.nce 
t h i s  i n f o r m a t i o n  was n o t  known, some a s s u m p t i o n s  were made which 
would y i e l d  a w o r s t  case c o n d i t i o n  and t h e  random v i b r a t i a n  
levels were  d e r i v e d  from t h i s  c o n d i t i o n .  The shock l e v ~ . i , s  were 
based on t h e  recommendat ions  f o r  component v i b r a t i o n  ( r e f e r ,  ance 
1). 

The s i n u s o i d a l  v i b r a t i o n  l e v e l s  were  d e r i v e d  u s i n g  a 
NASTRAN model of a  " c h a r a c t e r i z e d w  LANDSAT-D s p a c e c r a f t .  S i n c e ,  
as i n d i c a t e d ,  t h e  LANDSAT-D s p a c e c r a f t  h a s  y e t  t o  be d e s i g n e d ,  
t h e  NASTRAN model was based on c o n c e p t u a l  d e s i g n  i n f o r m a t i o n .  
Also, s t i f f n e s s  p a r a m e t e r s  f o r  t h e  c o n c e p t u a l i z e d  s p a c e c r a f t  and 
t h e  i n s t r u m e n t  s u p p o r t  module  were  v a r i e d  t o  try t o  bound t h e  
b e s t  and worst c a s e  c o n d i t i o n s  t h a t  c o u l d  b e  expected f rom t h e  
f i n a l  d e s i g n .  The NASTRAN model used  i n  t h e  a n a l y s i s  was a  



s i m p l e  beam and i s  shown i n  f i g u r e  1 0 .  The f r e q u e n c y  r a n g e  o f  
t h e  a n a l y s i s  was from 5 Hz to LOO Hz and t h e  beam 
r e p r e s e n t a t i o n  was c o n s i d e r e d  s a t i s f a c t o r y  for t h e  a n a l y s i s .  

Two t y p e s  o f  a n a l y s e s  were performed u s i n g  t h e  beam model.  
One was a modal t r a n s i e n t  r e s p o n s e  .3f t h e  combined s p a c e c r a f t  
and D e l t a  l a u n c h  v e h i c l e .  T h i s  was used i n  t h e  s i m u l a t i o n  of 
the l a t e r a l  l i f t o f f  e v e n t ,  The o u t p u t  f r ~ m  t h i s  a n a l y s i s  was 
t h e  a c c e l e r a t i o n  l e v e l s  a t  a l l  t h e  i n d i c a t e d  p o i n t s  o n  t h e  
LANDSAT-D s p a c e c r a f t  model and a l s o  t h e  bending  moment a t  t' ? 
Delta a t t a c h  f i t t i n g / s p a c e c r a E t  i n t e r f a c e .  The bending  moment 
was of  i n t e r e s t :  because i t  is  thl? l o a d  t h a t  is  t r a d i t i o n a l l y  
used a s  a l i m i t n g  f a c t o r  d u r i n g  , L a t e r a l  s i n u s o i d a l  v i b r a t i o n  
tests o f  spacecraft , 

Using t h e  bending  moment p r e d i c t e d  from the l a t e r a l  
l i f t o f f  a n a l y s i s  a s  a l i m i t i n g  f a c t o r ,  a f r e q u e n c y  r e s p o n s e  
a n a l y s i s  was run which s i m u l a t e d  t h e  l a t e r a l  s i n u s o i d a l  
v i b r a t i o n  t e s t  o f  t h e  s p a c e c r a a f t .  A modal Q o f  1 5  was assumed 
and t h e  p r e d i c t e d  r e s p o n s e  a t  t h e  mount ing l o c a t i o n  of t h e  
Themat ic  Mapper was o u t p u t .  The r e s p o n s e s  i n d i c a t e d  t h a t  t h e  
Thematic  Mapper would be exposed t o  l e v e l s  during t h e  
spacecraft l a t e r a l  s i n u s o i d a l  vibration t e s t  t h a t  would be 
h i g h e r  t h a n  t h e  l eve l s  p r e d i c t e d  t o  o c c u r  due to  t h e  l i f t o f f  
e v e n t .  T h e r e f o r e ,  i n  o r d e r  n o t  t o  o v e r t e s t  t h e  i n s t r u m e n t ,  i t  
was d e c i d e d  t o  base t h e  l a t e r a l  s i n u s o i d a l  l e v e l s  o n  t h e  
r e s p o n s e s  p r e d i c t e d  from t h e  l a t e r a l  l i f t o f f  a n a l y s i s .  T h i s ,  
i n  t u r n ,  w i l l  p r o b a b l y  impose some r e s t r i c t i o n s  d u r i n g  t h e  
l a t e r a l  s i n u s o i d a l  v i b r a t i o n  t es t  o f  t h e  t o t a l  spacecraf t  
sys tem t o  e n s u r e  t h a t  o v e r t e s t i n g  of  t h e  i n s t r u m e n t  d o e s  n o t  
o c c u r .  

Fo r  t h e  D e l t a  l a u n c h  v e h i c l e  t h e  maximum t h r u s t  a x i s  
dynamic r e s p o n s e  o c c u r s  a s  a r e s u l t  of POGO. POGO i s  a 
l o n g i t u d i n a l  o s c i l l a t i o n  r e s u l t i n g  from c l o s e d - l o o p  coupling of 
t h e  e n g i n e  sys tem and t h e  v e h i c l e  l o n g i t u d i n a l  mode and is t h e  
major t h r u s t  axis dynamic l o a d i n g .  A t h r u s t  a x i s  f r e q u e n c y  
r e s p o n s e  a r c l y s i s  s i m u l a t i n g  t h e  t h r u s t  a x i s  v i b r a t i o n  t e s t  o f  
t h e  s p a c e c r a f t  was run. The p r e d i c t e d  r e s p o n s e  a t  t h e  mount ing 
l o c a t i o n  of  t h e  Themat i c  Mapper r e s u l t i n g  from t h e  POGO e v e n t  
was used a s  t h e  maximum t h r u s t  axis s i n u s o i d a l  v i b r a t i o n  t e s t  
l e v e l  f o r  t h e  i n s t r u m e n t .  

A s  c a n  be s e e n ,  s i n u s o i d a l  v i b r a t i o n  l e v e l s  f o r  t h e  
Themat ic  Mapper were derived from p r e d i c t e d  r e s p o n s e s  due  t o  
l aunch  e v e n t s .  T h i s  d e p a r t s  from t h e  t r a d i t i o n a l  app roach  
which r e q u i r e d  i n s t r u m e n t s  o r  components  t o  s u r v i v e  not o n l y  
t h e  l e v e l s  p r e d i c t e d  f o r  f l i g h t  b u t  a l s o  t h e  l e v e l s  t h a t  would 
occur d u r i n g  s i n u s o i d a l  v i b r a t i o n  t s s t i n g  of t h e  s p a c e c r a f t  to  
which the i n s t r u m e n t  was mounted.  T h i s  o f t e n  times r e s u l t e d  i n  
c o n s i d e r a b l e  o v e r t e s t i n g  and o v e r d e s i g n  o f  i n s t ~ u m e n t s ,  The 



approach used Ear developing t h e  s i n u s o i d a l  t e s t  l eve l s  fo r  
t h e  T h e m a t i c  Mapper d o e s , - p o t  c o n t r a d i c t  e x i s k i n g  t e s t  
p h i l o s o p h y  but i t  does i ipose  r e s t r i c t i o n s  a n  spacccraEt  
t e s t i n g  t o  e n s u r e  t h a t  i n s t r u m e n t s  and c o m p o n e n t s  are not 
over tes  t e d .  

CONCLUDING KEMARKS 

The three examples g i v e n  d e m o n s t r a t e  v a r i a t i o n s  i n  the 
d e v e l o p m e n t  of test levels for  i n s t r u m e n t s  and components, 
For t h e  I U E  c o m p o n e n t s ,  t h e  t e s t  levels were developed 
p r i m a r i l y  from t e s t  d a t a .  F'o'r t h e  T a n d b e r g - R a n s s e n  
i n s t r u m e n t ,  t h e  levels were d e f i n e d  a n d  t h e  i n s t r u m e n t  
componen t  l e v e l s  were d e r i v e d  from a n a l y s i s .  F o r  t h e    he ma tic 
Mapper i n s t r u m e n t ,  t h e  levels were d e v e l o p e d  based o n  l a u n c h  
e n v i r o n m e n t  a n a l y s i s ,  s t a t i s t i c a l  i n f o r m a t i o n ,  a n d  m u t u a l  
spacecraft environments s u c h  as s t e a d y  s t a t e  a c c e l e r a t i o n  and  
a c o u s t i c  noise. O f  t h e  three, t h e  preferred approach is t h a t  
used f o r  t h e  Thenat ic  Mapper i n s t r u m e n t .   his a p p r o a c h  
p r o v i d e s  t h e  l e v e l s  t h a t  a r e  t h e  most c o n s i s t e n t  w i t h  t h e  
occurrences due  t o  k h e  Launch.  

The analyst must determine t h e  e n v i r o n m e n t  t h a t  is most 
c r i t i c a l  for t h e  i n s t r u m e n t  and the re fo re  t h e  p r i o r i t y  t o  
p l a c e  i n  t h e  a n a l y s i s  p l an .  The f i r s t  p r i o r i t y  s h o u l d  be the 
steady s t a t e  acceleration a n a l y s i s  because t h i s  is khe 
e n v i r o n m e n t  t h a t  g e n e r a l l y  p r o d u c e s  the h i g h e s t  load o n  t h e  
p r i m a r y  structure of t h e  instrument. The n e x t  s t e p  s h o u l d  be 
t h e  z i n u s o i d a l  v i b r a t i o n  a n a l y s i s .  This a n a l y s i s  f r e q u e n t l y  
i n d i c a t e s  h i g h  d y n a m i c  loads o n  somE p a r t s  of t h e  i n s t r u m e n t .  
I f  t h i s  is t h e  case, one should p u r s u e  t h e  p o s s i b i l i t y  o f  
d o i n g  a l a u n c h  loads a n a l y s i s  to  d e t e r m i n e  i f  t h e  loads 
p r e d i c t e d  from t h e  sinusoidal v i b r a t i o n  a n a l y s i s  a re  
r e a l i s t i c .  However, typically a launch loads a n a l y s i s  is n o t  
a readily available o p t i o n .  T h e r e f o r e ,  one should keep i n  
mind t h a t  r e s p o n s e  l e v e l s  on t h e  o r d e r  of 20 g ' s ,  assuming a  
modal Q of 15, probably will n o t  b e  e x c e e d e d  during l a u n c h .  
Some e n g i n e e r i n g  judgment  s h o u l d  be exercised b e f o r e  making 
d e s i g n  c h a n g e s  because of h i g h  l o a d s  p r e d i c t e d  from s i n u s o i d a l  
v i b r a t i o n  a n a l y s i s .  The  random v i b r a t i o n  analysis is o n e  t h a t  
should n o t  be o v e r l o o k e d .  G e n e r a l l y ,  random v i b r a t i o n  Ps a 
h i g h  f r e q u e n c y  e n v i r o n m e n t  t h a t  causes problems with 
e l e c t r o n i c  c o m p a n e n t s  o r  boards and  a l s o  picks u p  workmansh ip  
problems. Hawever, t h e r e  are times when random v i b r a t i o n  does 
c a u s e  s t r u c t u r a l  problems. T h e  a n a l y s t  w i l l  h a v e  to  use  his 
own judgment  when d e t e r m i n i n g  w h e t h e r  or  n o t  a random 
v i b r a t i o n  a n a l y s i s  is w a r r a n t e d .  The a n a l y t i c a l  shock 
a n a l y s i s  is questionable because t h e  r e s p o n s e  is  d e p e n d e n t  
upon the i n p u t  and t h e  d e f i n i t i o n  of the i n p u t  is n o t  u n i q u e .  
A c o u s t i c  n o i s e  a n a l y s i s  i s  n o t  done as a matter of course 



hasically because t h e  a n a l y t i c a l  d e f i n i t i on  of t h e  i n p u t  is 
d i f f i c u l t  and t h e  analys is  is too complex t o  spend t he  time t o  
do it. I f  an i n s t r u m e n t  is designed t o  w i t h s t a n d  steady s t a t e  
accelera t ion  l o a d s ,  s i n u s o i d a l  v i b r a t i o n  l o a d s ,  and random 
v i b r a t i o n  loads t h e  c h a n c e s  a re  t h a t  a f a i l u r e  w i l l  not occur 
due  to  shock o r  acoust ic  noise.  
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APPENDIX 

D e t e r m i n a t i o n  of the minimum number of points required f o r  a 
frequency response a n a l y s i s  t o  assure that  t h e  c a l c u l a t e d  
response is a t  leask 9 0 %  of t h e  peak response. 

~ornenclature 

f - f requency  

f~ 

- h i g h  root  of equation 

L - low root  of equation 

n - natural f r e q u e n c y  

HF - h i g h  f requency 
LF - low f r e q u e n c y  

N - number of points 

Q - modal amplification 
, x~ - imaginary response 

X~ 
- real response 

A£ max - maximum i n c r e m e n t ;  (fH -fL) f, 

Assume a s i n g l e  degree of freedom sys t em 

and 



l e t  f,=l then 

Response Magni tude  = /- 
i / \ 

for,,'f.=L Response"Magn itude = h 
I 

\ ,  . ~. . ' k- 1 
Let Response Magni tude  = O.9Q 

then 

and 

frm the equatibh above 



A. F o r  a logarithmic sweep 

I 3  For a linear sweep 

A £  = (f* -fL) fn max 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 7.  
TANDBERG HANSSEM SIMPLE BEAM MODEL 



Figure 8. 
TANDBERG HANSSEN DETAILED MODEL 



Figure 9. 
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Figure 10. 
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