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SUMMARY 

An a c o u s t i c  test program  has  been  conducted  with a 1 /10  scale dynamic 
model of a r e p r e s e n t a t i v e   s p a c e c r a f t   s t r u c t u r e   t o   i n v e s t i g a t e   t h e   e f f e c t i v e -  
ness   o f   p roducing   v ibra t ion   response   over  a wide  frequency  range. The model 
which  included a s p a c e c r a f t  and  shroud  assembly w a s  suppl ied  by NASA Langley 
Research Center. The a c o u s t i c  test f a c i l i t y   u t i l i z e d   f o u r  airstream modu- 
l a t o r s   a n d  a l amina ted   f i be rg la s s   p rog res s ive  wave tube. Model conf igu ra t ion  
and   pos i t ion  were va r i ed   du r ing   t e s t ing .   Acce le romete r s ,   s t r a in   gages  and 
displacement  probes were used   to   de te rmine   the   response   o f   the   vehic le   whi le  
microphones were used   t o   measu re   t he   acous t i c   f i e ld   ex t e rna l   and   i n t e rna l   t o  
t h e  model. Acous t ic   no ise  levels of   140  to   146 dB were produced i n   t h e  pro- 
g r e s s i v e  wave tube. 

Results  of  the  program  have shown tha t   w ide  band v i b r a t i o n  was produced 
wi th  l i t t l e  dependence  on  model  configuration  and  posit ion  within  the  pro- 
g re s s ive  wave tube. 
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1. INTRODUCTION. 

Among t h e  many f ac to r s   t ha t   a f f ec t   mi s s ion   success   o f   ae rospace   veh ic l e s  
are the   c lose ly   re la ted   acous t ic   and   v ibra t ion   envi ronments .  The s imula t ion  
of   these   envi rqnments   for  tests to  demonstrate   the  adequacy  of   vehicle   design 
and   t o   p rov ide  assurance o f   r e l i ab le   pe r fo rmance  has been   t he   sub jec t   o f  
numerous inves t iga t ions .   Approaches   to   the   s imula t ion   for   recent   p rograms 
has   i nc luded   h igh - l eve l   v ib ra t ion   t e s t ing   o f   comple t e   spacec ra f t   (Re fe rences  
1 through 5)  and a c o u s t i c  tests to   exc i t e   v ib ra t ion   o f   comple t e   space -  
c ra f t   (Re fe rences  4 through 6 ) .  Acous t i c   t e s t ing  is prefer red   because :  
(1) i t  is d i f f i c u l t   t o   p r o v i d e   a d e q u a t e   v i b r a t i o n   e x c i t a t i o n   o v e r  a wide 
frequency  range  with  e lectromechanical  exciters, and (2) t h e  dynamic  environ- 
ment produced i n   f l i g h t   r e s u l t s   f r o m   f l u c t u a t i n g   p r e s s u r e   e x c i t a t i o n   w h i c h  is 
d i s t r i b u t e d   o v e r   t h e   s u r f a c e   o f   t h e   v e h i c l e .  The Apollo  program  has  included 
i n v e s t i g a t i o n   o f  many facets   of   the   s imulat ion  problems  and  included  the 
f a b r i c a t i o n   o f  a l a r g e   f a c i l i t y   t a i l o r e d   f o r   t h e   v e h i c l e   ( R e f e r e n c e  7 ) .  
To p rov ide   i n fo rma t ion   on   f ac i l i t i e s  which  can  be  expanded t o  produce  dynamic 
environments   for  many space   veh ic l e s ,   a cous t i c  tests were made wi th  a dynami- 
c a l l y   s c a l e d   s p a c e c r a f t  model. No attempt w a s  made d u r i n g   t h i s  test program 
t o   s i m u l a t e   t h e   a c t u a l   f l i g h t   e n v i r o n m e n t s .   S p e c i f i c   o b j e c t i v e s   o f   t h e   p r o -  
gram were to   de te rmine :   (1)   the   capabi l i ty   to   p roduce  dynamic response  over  
a wide  frequency  range  using a progress ive  wave tube ,  (2)  t h e   l i n e a r i t y  of  
t he   r e sponse   w i th   changes   i n   t he   acous t i c   f i e ld ,  (3)  t h e   s e n s i t i v i t y  of t h e  
test a r t ic le  to   unsymmet r i ca l   pos i t i on ing   i n   t he   acous t i c   f i e ld ,  and ( 4 )  the  
e f f e c t s  on  the dynamic r e sponse   r e su l t i ng  from v a r i a t i o n s   i n   t h e   s t r u c t u r a l  
conf igura t ion .  

I n f o r m a t i o n   c o n t a i n e d   i n   t h i s   r e p o r t  summarizes t h e   r e s u l t s   o b t a i n e d  
from s p e c i f i c   t r a n s d u c e r s   t o   s a t i s f y   t h e s e   l i m i t e d   o b j e c t i v e s .  
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2. TEST FACILITY 

The b a s i c  components  of  the test f a c i l i t y  are t h e   f o u r  airstream modu- 
l a t o r s   u s e d  as acous t ic   sources   and  a f ibe rg la s s   acous t i c   enc losu re .   These  
components are shown schemat i ca l ly   i n   F igu re  1. Descr ip t ions '   o f   these  com- 
ponents   and   the i r   func t ions  are given in   t he   fo l lowing   pa rag raphs .  

2.1 AIRSTREAM MODULATORS. The airstream modulator shown i n   c r o s s -  
s e c t i o n   i n   F i g u r e  2 is an  electro-pneumatic  device  that   converts  pneumatic 
energy  into  acoust ic   energy.  As shown i n  che  drawing,  compressed a i r  e n t e r s  
through a s t r a i g h t   p i p e ,  and  impinges  on a p o i n t e d   s u r f a c e  which d i r e c t s   t h e  
a i r  i n t o  a narrow  annulus. One end  of a th in   cy l ind r i ca l   s egmen t ,   t he  modu- 
l a t i n g   e l e m e n t ,   p r o t r u d e s   i n t o   t h e  a i r  path.  A c o i l   o f  wire on t h e   o t h e r  end 
of   th i s   e lement  is i n  a m a g n e t i c   f i e l d ,  and p r o v i d e s   a n   o s c i l l a t o r y   d r i v i n g  
force  on  the  e lement ,   causing i t  t o  mve i n  and o u t   o f   t h e  a i r  gap  and  chang- 
i n g   t h e  area through  which  the a i r  flows. The mot ion   of   the   cy l indr ica l  
e l emen t   appea r s   t o   t he  moving stream of a i r  as a v a r i a b l e  area o r i f i c e ,  and a 
p res su re  is g e n e r a t e d   t h a t  is approx ima te ly   p ropor t iona l   t o   t he   de f l ec t ion   o f  
t he   cy l ind r i ca l   modu la t ing   e l emen t .  This type of acous t i c   sou rce   has   t he  
advantage of being  able  to  reproduce  any electrical s i g n a l   a p p l i e d   t o   t h e  
modulator,   within  the  amplitude  and  frequency  response limits of  the  system. 
S inuso ida l  or wideband  random acous t i c   s igna l s   can   t he re fo re   be   gene ra t ed .  
Four airstream modulators are u t i l i z e d   i n   t h e   a c o u s t i c  test f a c i l i t y ,   w i t h  
the   modula tor   feed ing   each   quadrant   o f   the   cy l indr ica l   enc losure .  The modu- 
l a t o r s  can  be  driven by common o r   s e p a r a t e  power a m p l i f i e r s ,   w i t h   e i t h e r  a 
common electrical s i g n a l  or by four   independent  electrical signals. The 
r e s u l t a n t  sound f i e l d s   g e n e r a t e d  by t h e  airstream modulators are i d e n t i f i e d  
as c o r r e l a t e d   ( f o r   t h e  common source  case) o r   u n c o r r e l a t e d .  

2.2 ACOUSTIC ENCLOSURE. The airstream modulators were mounted t o  a 
f i b e r g l a s s   e n c l o s u r e .  The enc losure ,   which   cons is ted   bas ica l ly   o f  exponen- 
t i a l  horns,   and  the  progressive wave s e c t i o n  were constructed  from a f i b e r -  
g l a s s   l amina te  material. The f a c i l i t y  was o r i g i n a l l y   d e s i g n e d   f o r  tests 
which were conduc ted   t o   de f ine   t he   acous t i c   f i e ld   on  a McDonnell r i g i d  model. 
The f a c i l i t y  was not   changed   for   the  NASA f l e x i b l e  model tests because   the  
f l e x i b l e  model c l o s e l y  conformed t o  the s i z e  and   shape   of   the   r ig id  model. 
The segments   of   the   enclosure were f a b r i c a t e d  by p repa r ing   t empla t e s   t ha t  
de f ined   t he   des i r ed   i nne r   su r f ace   o f   : t he   s ec t ion  and by us ing  a smooth wooden 
or p l a s t e r  mold. Complex ang les ,   f l anges  or o t h e r   c r i t i c a l l y   d i m e n s i o n e d  
areas are inco rpora t ed  by inc lud ing   c lose ly  machined members as p a r t   o f   t h e  
mold.  The f i b e r g l a s s   p a r t  is then  la id-up  on  the mold. F i r s t ,  a smooth 
epoxy s u r f a c e   c o a t  is appl ied   fo l lowed by a 3/8- inch  layer   of   14-mil   g lass  
c l o t h ,  a l l  bonded t o g e t h e r   w i t h   a n  epoxy lamina te  material. Bonded t o   t h i s  
l a y e r  is a 1/4-inch foam blanket,   which is backed up  by another  3/8-inch 
l aye r   o f   l amina ted   g l a s s   c lo th .  The r e s u l t  is a one - inch   t h i ck   s ec t ion   t ha t  
has several d e s i r a b l e   p r o p e r t i e s   f o r  use as an   acous t i c   enc losu re  for t h i s  
a p p l i c a t i o n .   F i r s t ,   t h e  smooth inne r   su r f ace   o f   each   f i be rg la s s   s egmen t  is 
dense  and  nonporous,   resul t ing  in   extremely  low  absorpt ion  of   acoust ic   energy 
in to   the   f iberg lass   segments .   In   addi t ion ,   the   one- inch   th ick   segments  are 
v e r y   s t i f f  and  have  high  internal   damping,   with  correspondingly  low  vibrat ion 
r e s p o n s e   t o   t h e   h i g h   i n t e n s i t y   f i e l d s  in t he   enc losu re .  The enc losu re  is 
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suff ic ient ly  massive t o  provide good attenuation of sound. Because the 
material and fabrfcation  costs  are low as compared to  other  designs,  the 
enclosure may eas i ly  be changed to permit tes t ing   of  models with major 
differences  in  s ize   or shape. 
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3 T E S T A R T I C L E T A T I O N  

The test ar t ic le  cons is ted   o f  a dynamically  scaled  model of t h e  Voyager 
spacec ra f t .  The model was  supp l i ed  by NASA Langley  Research  Center  and w a s  
cons ide red   t o   be  a r ep resen ta t ive   spacec ra f t   a s sembly .   Sca l ing   f ac to r s  were: 
l eng th ,  1/10; mass, 1/1000;   and  accelerat ion,  10. The model  included a 
s p a c e c r a f t   w i t h i n  a shroud  closed a t  each  end  with  bulkheads.  A n o s e   f a i r i n g  
w a s  a t tached  to   the  forward  end  of   the  shroud,   and a s p a c e r   s e c t i o n  w a s  
a t t a c h e d   t o   t h e   a f t  end.  Weight of the  major  components are p r e s e n t e d   i n  
Table 1. An i l l u s t r a t ion   i nd ica t ing   t he   ove ra l l   d imens ions   and   showing   t he  
model fu l ly   assembled  i s  p r e s e n t e d   i n   F i g u r e  3. Photographs  of   the  var ious 
components o f   t he  test ar t ic le  are shown i n   F i g u r e s  4 through 8. 

V a r i a t i o n s   i n   t h e   s t r u c t u r a l   c o n f i g u r a t i o n   o f   t h e  model were obta ined  
by changing  the  model  elements. These inc luded   removal   o f   the   a f t   bu lkhead ,  
rep lacement   o f   the   spacer   sec t ion   wi th  a r i g i d  wooden element,   and  replace- 
ment of  t h e   t o  t a l  spacec ra f t   w i th  a wooden cy l inder   o f   equa l  mass and 
ine r t i a .   I nc luded   i n   t he   a fo remen t ioned   pho tographs   (F igu re  7) is t h e  a f t  
bulkhead   which   fa i led   dur ing   an   ear ly   par t   o f   the   t es t ing .   This   bu lkhead  was 
r e p l a c e d   f o r  later t e s t i n g .  

The spacecraf t   assembly w a s  cant i levered  f rom a wooden te rmina t ion  sec- 
t ion .  The wooden sec t ion   provided  a means of  model  support i n   t h e   p r o g r e s -  
s i v e  wave tube and a t e r m i n a t i o n   f o r   t h e   a c o u s t i c   f i e l d .  The te rmina t ion  
was des igned   to   have  a decreas ing  area which  a l lowed  the  cross   sect ional  area 
o f   t he   p rog res s ive  wave t u b e   t o  expand  exponentially.  The exponent ia l  area 
expansion  corresponds  to  a ho rn   hav ing   an   exponen t i a l   f l a r e   cons t an t   o f  .024 
and a cutoff   f requency  of  25 Hz. The wooden s e c t i o n  w a s  suspended i n   t h e  
test f ac i l i t y   w i th   so f t   sp r ings   t o   p rov ide   suspens ion   f r equenc ie s   be low  the  
f requencies  of a c o u s t i c   e x c i t a t i o n .   F i g u r e  9 shows the  model i n s t a l l e d   i n  
t he   p rog res s ive  wave sec t ion .  A m u f f l e r   s e c t i o n   w i t h   a c o u s t i c   a b s o r b t i o n  
material was i n s t a l l e d  a t  t h e  a f t  end o f  the   .p rogress ive  wave t u b e   t o   p r o v i d e  
add i t iona l   d i s s ipa t ion   o f   t he   sound   f i e ld .  

Test d a t a   f o r   t h e   s p a c e c r a f t  model was measured  with  f i f teen  accelerom- 
eters, n i n e   s t r a i n   g a g e   c i r c u i t s ,  two microphones,  and two displacement 
probes.  The a c o u s t i c   f i e l d   i n   t h e   p r o g r e s s i v e  wave s e c t i o n  was surveyed  with 
f i f t e e n  microphones.  Table 2 d e f i n e s   t h e   l o c a t i o n  of  the  t ransducers   and 
s p e c i f i e s   t h e   c o r r e s p o n d i n g   i l l u s t r a t i o n   w h i c h  shows t h e   s p e c i f i c   l o c a t i o n s .  
Also, the  primary  transducers  from  which  data w i l l  be p r e s e n t e d   i n   t h i s  
r e p o r t  are n o t e d   i n   T a b l e  2. Figures  10 through 18 def ine   the   acce le rometer  
l oca t ions .   F igu re   19  shows the  microphone  locations  and  Figure 20 p r e s e n t s  
t h e   l o c a t i o n s   o f   t h e   s t r a i n   g a g e s   a n d   p r o b e s   o n   t h e   a f t   b u l k h e a d .  The 
o r i e n t a t i o n s  of the   t ransducers  are r e f e r e n c e d   t o   t h e   a x e s   o f   t h e  test arti- 
c le  d e f i n e d   i n   F i g u r e   1 9 .  

The o r i e n t a t i o n   o f   t h e  axes corresponded  to   the  "r ight   hand  rule"   nota-  
t ion .  The +Z a x i s  was hor i zon ta l   and   i n   t he   fo rward   d i r ec t ion .  The r a d i a l  
axes  were o r i e n t e d   w i t h   t h e  +X a x i s   d i r e c t e d  downward. S t a t i o n   z e r o   f o r   t h e  
Z axis corresponded  to   the a f t  suspension  point   for   the  assembly,   and  the 
s p a c e c r a f t  was o r i e n t e d   i n   t h e   s h r o u d   w i t h   t h e   s p a c e c r a f t   d i s k   a n t e n n a  down- 
ward o r   a l o n g   t h e  +X a x i s .  
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4. TEST  PROCEDURE 

There were two bas ic   types   o f  tests conducted,  sinusoidal  and random. 
S inuso ida l  tests were conducted   to   de te rmine   the  model response  and t o   d e f i n e  
t h e   a c o u s t i c   f i e l d .  Random tests were c o n d u c t e d   t o   o b t a i n   s p e c i f i c   r e s u l t s  
t o  meet the   fo l lowing  test ob jec t ives :  

a. Inves t iga t ion   o f   t he   acous t i c   f i e ld   and  model response 

b. Effec ts   o f   modula tor   conf igura t ion  

c. L inea r i ty   o f   t he  model r e sponse   w i th   changes   i n   t he   acous t i c   f i e ld  

d. E f fec t s   o f  model t r a n s l a t i o n  and r o t a t i o n  on the  model  response 

e. E f f e c t s  of mode l   boundary   cond i t ion ,   spacec ra f t   f l ex ib i l i t y   and   a f t  
bulkhead  removal 

Table 3 d e f i n e s   t h e   v a r i o u s  tests conducted  on  the  model.   Translation  of 
t h e  model was accomplished by moving t h e  model downward 1 . 7 5   i n c h e s   i n   t h e  
+X d i r ec t ion .   Ro ta t ion  w a s  accomplished by p i tch ing   the   nose   o f   the  model 
upward approximately  f ive  degrees .   This   corresponded  to  a r o t a t i o n   i n   t h e  
X-Z plane.  

The f o u r  airstream modulators were dr iven  by e l e c t r o n i c  power ampl i f i e r s .  
The t y p e   o f   e x c i t a t i o n   ( s i n u s o i d a l   o r  random) w a s  produced by using a s inu-  
s o i d a l  sweep o s c i l l a t o r   o r  a random octave  band  equal izer  as a n   e x c i t a t i o n  
source.   Correlated  modulator   configurat ions were produced by connect ing  the 
c o i l s  of t h e  airstream modulators i n  series. IJncorrelated  modulator con- 
f i g u r a t i o n s  were produced by connec t ing   t he   co i l s   o f   t he  airstream modulators 
t o   i n d i v i d u a l  power amplif iers   and  dr iving  each  amplif ier   wi th  an  independent  
random source.  The ou tpu t s   o f   t he   t r ansduce r   s igna l   cond i t ione r s  were 
recorded  on M magnetic  tape.   Figure 2 1  presents   the   da ta   acquis i t ion   sys tem 
which w a s  u sed   fo r   t he   s inuso ida l  and random tests. The r e s u l t s   o f   t h e   s i n u -  
s o i d a l  tests are p r e s e n t e d   i n   t h e  form  of  frequency  response  data.  The 
frequency  response w a s  ob ta ined  by measur ing   the   ra t io   o f   the   absolu te   va lues  
of   the  data   f rom  the  response  t ransducer   with  respect   to   the  absolute   value 
of t he   p re s su re  a t  s t a t i o n  64 (microphone 9) i n   t h e   p r o g r e s s i v e  wave tube.  
B e f o r e   o b t a i n i n g   t h e   r a t i o   t h e   d a t a  w a s  f i l t e r e d   w i t h   1 0  Hz bandwidth  track- 
i n g   f i l t e r s .  The random d a t a  w a s  analyzed  on a 1 / 3   o c t a v e  band analyzer .  A 
d i g i t a l  computer w a s  u sed   t o   conve r t   t he  units of dec ibe l s   i n to   eng inee r ing  
un i t s   and  compute t h e   r a t i o s   o f   t h e  1/3 octave   da ta   for   compar ing   resu l t s .  
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5. TEST  RESULTS 

5.1 DISCUSSION  OF  ACOUSTIC  FIELD. The a c o u s t i c   f i e l d   i n   t h e   p r o g r e s -  
sive wave tube  was eva lua ted   to   de te rmine   the   magni tude   o f   s tandinn  waves. 
The response of t h e   p r o g r e s s i v e  wave tube was determined  by  conducting a 
s inusoida l   survey .  The response   p ressures  a t  v a r i o u s   s t a t i o n s   a l o n g   t h e   t u b e  
l e n g t h  were determined  by  measuring  the  pressure a t  t h e   s t a t i o n   o f   i n t e r e s t  
while   maintaining a cons tan t   p ressure  a t  s t a t i o n  64 (microphone  9)  with a 
servo  control   system.  Figures  22 and  23  present   the  response  ampli tudes  for  
t he   p re s su res  a t  s t a t i o n s  52  and  103  referenced  to   s ta t ion  64.  The peak  and 
nu l l   ampl i tudes   i n   t he   r e sponse   cu rves   r ep resen t   f r equenc ie s   where   s t and ing  
waves may be  present .   For   example,   the   nul l   response a t  120 Hz and  the  peak 
response a t  175 Hz i n   F i g u r e s  22 and  23,  correspond  to  standing waves of 
1 1/4   and  1 3/4  wavelengths. The fundamental   s tanding wave frequency was 
25 Hz and is ind ica t ed  as a peak i n  the  response  curve a t  s t a t i o n   1 0 3 ,  
F igure  23.  The l eng th  of t h e   p r o g r e s s i v e  wave tube was one-fourth  of   the 
wavelength   o f   the   s tanding  wave a t  25 Hz. The h ighe r   o rde r   s t and ing  waves 
t h a t  were e a s i l y   e x c i t e d  were odd mult iples   of   the   fundamental .  

The c i r c u m f e r e n t i a l   p r e s s u r e   v a r i a t i o n  is p r e s e n t e d   i n   F i g u r e  24.  The 
curve   p resents   the   response   ampl i tude  a t  s t a t i o n  69,  112  1/2  degrees  refer-  
enced   to   the   p ressure  a t  s t a t i o n  69, 292 1 /2   degrees .  The c i r cumfe ren t i a l  
p r e s s u r e   v a r i a t i o n  was much less t h a n   t h e   l o n g i t u d i n a l   v a r i a t i o n   f o r   f r e q u e n -  
cies below  1500 Hz. 

Examples  of  standing waves a t  125 Hz and  575 Hz are p r e s e n t e d   i n   F i g u r e s  
25 and 26.  The s t and ing  wave a t  125 Hz r ep resen t s  1 1/4  wavelengths as 
s t a t e d   p r e v i o u s l y   w h i l e   t h e   s t a n d i n g  wave a t  575 Hz corresponds   to  5 3/4 
wavelengths .   These   curves   ind ica te   the   ampl i tude   and   phase   var ia t ion   o f   the  
p re s su re   w i th   r e spec t   t o   t he  model length .  The ampl i tude   represents   the  
abso lu te   va lue   o f   t he   p re s su re   and   t he   phase  w a s  re fe renced   to   the   modula tor  
displacement.  The s t and ing  waves were measured  by  slowly moving a microphone 
along a t r a c k   i n   t h e   p r o g r e s s i v e  wave tube   f rom  s ta t ion  0 t o   s t a t i o n  70. 
This al lowed  the  ampli tude  and  the  phase  to   be  displayed  cont inuously  between 
these  two s t a t i o n s .  The da ta   po in t s   fo rward   o f   s t a t ion  70 r e p r e s e n t   t h e  
response  of  microphones  14, 15, and  16. The e f f e c t s  of  t he   acous t i c   t e rmina -  
t i o n  are shown by t h e   r e l a t i v e l y  low s t and ing  wave r a t i o   ( r a t i o  maximum t o  
minimum pressure)   and   the   near ly   l inear   phase   change .  The s t and ing  wave 
r a t i o  was 1.4 a t  125 Hz and  1.22 a t  575 Hz. T h e s e   c h a r a c t e r i s t i c s   r e s u l t  
from  low r e f l e c t i o n   o f   t h e   a c o u s t i c   p r e s s u r e   i n   t h e   p r o g r e s s i v e  wave tube. 
A comparison  of  Figures  25  and  26  indicate  that   absorption increases w i t h  
increasing  f requency . 

5.2 RESPONSE  OF  SPACECRAFT TO ACOUSTIC FIELD. The response of t h e  
s p a c e c r a f t   f o r   t h e   1 4 6  dB test is p r e s e n t e d   i n   F i g u r e s  27 through 33. These 
tests were conduc ted   w i th   co r re l a t ed   sou rces ,   r i g id   space r   s ec t ion ,   and   t he  
model c e n t e r e d   i n   t h e   p l a n e  wave tube. The o v e r a l l   a c c e l e r a t i o n   o n   t h e  
shroud was approximately  17.4 g,, a t  acce le romete r   l oca t ion  11. The 
acce le ra t ions   on   t he   spacec ra f t   pay load  were 5.4 g- i n   t h e   r a d i a l   d i r e c t i o n  
(accelerometer  3)  and  7.3 g,, i n   t h e   l o n g i t u d i n a l   d i r e c t i o n   ( a c c e l e r o m e t e r  
1). The a c c e l e r a t i o n   o f   t h e   r e t r o m o t o r   s u p p o r t   s t r u c t u r e  was 2.8 g,, i n  
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t he   r ad ia l   d i r ec t ion   ( acce le romete r  9) .  These  values   correspond  to  a 
d e c r e a s e   i n   a c c e l e r a t i o n   o f  8 t o   1 6  dB f rom  the   shroud  to   the   spacecraf t .  
The maximum response  of  the  shroud  and  spacecraft   payload  occurred  above 
1500 Hz which is the   reg ion   of  maximum v a r i a t i o n   i n   c i r c u m f e r e n t i a l   p r e s s u r e .  
The ove ra l l   a cous t i c   p re s su res   i n s ide   t he   sh roud  were .016 psi,, a t  t h e  
spacecraft   payload  immediately  below  the  aeroshell   (microphone  1)  and .011 
p s i m s  between the   spacec ra f t   and   sh roud  near the   shroud  payload   a t tach  
points  (microphone 2) .  When compared t o   t h e   a c o u s t i c   p r e s s u r e   i n   t h e   p r o -  
g re s s ive  wave tube  (.058  psims, a t  microphone 9) t he   p re s su re   dec rease  i s  
11 t o  14 dB, which i s  t h e  same o r d e r  as the   acce le ra t ion   change .  The maximum 
pressure   response   ins ide   the   shroud  cav i ty   occur red  a t  630 Hz and  1600 Hz. 
The pressure   response  a t  1600 Hz cor responds   to   the  maximum response   o f   the  
spacec ra f t  and   shroud.   This   resu l t   could   ind ica te   tha t   the   source  of t h e  
v i b r a t i o n   e n e r g y   f o r   t h e   s p a c e c r a f t  is t h e   a c o u s t i c   p r e s s u r e   i n   t h e   s h r o u d .  
To v e r i f y   t h i s   r e s u l t  a more detai led  analysis ,   including  narrow  band power 
and c ross  power s p e c t r a l   d e n s i t y ,  would be   requi red .  The r e s u l t s   o f   t h e s e  
tests showed tha t   cons iderable   v ibra t ion   response   can   be   p roduced   wi th  
acous t i c   exc i t a t ion ,   and   t he re   appea r s   t o   be  a correlat ion  between  the  vibra-  
t ion  response  of   the  spacecraf t   and  the  acoust ic   pressure  inside  the  shroud.  

5 .3  EFFECT OF MODULATOR CONFIGB.TI.ON P N  SPACECRAFT  RESPONSE. The 
change i n   r e s p o n s e   o f   t h e   s p a c e c r a f t   f o r   v a r i o u s   m o d u l a t o r   c o n f i g u r a t i o n s  is 
shown i n   F i g u r e s  34 through  43.  These  curves  present  the  spacecraft  and 
shroud  response  for  4 c o r r e l a t e d ,  2 cor re la ted ,   and  4 uncorre la ted  random 
sources.  These tests were conducted  with a r i g i d  spacer sec t ion   and   wi th  
the  model c e n t e r e d   i n   t h e   p r o g r e s s i v e  wave tube. The curves were obta ined  
by normal iz ing   the   113   oc tave   ana lys i s   o f   the   acce le ra t ion   to   the   1 /3 '6c tave  
ana lys i s   o f   t he   acous t i c   p re s su re .  The normalizat ion w a s  necessa ry   t o  elimi- 
na te   the   e f fec ts   o f   the   d i f fe rences   in   sound  pressure   be tween  the   compara t ive  
tests. These tests i n d i c a t e  a s l i g h t   i n c r e a s e   i n   r e s p o n s e   f o r  4 uncorre la ted  
sources .  But i n   g e n e r a l ,   t h e   m o d u l a t o r   c o n f i g u r a t i o n   f o r   t h i s   f a c i l i t y  had 
l i t t l e  e f f e c t  on t h e   o v e r a l l  model v ibra t ion   response .  

5.4 LINEARITY OF  RESPONSE. Acoustic tests were conducted a t  sound 
p res su re  levels of  140 dB and  146 dB. These tests were conducted  with a 
f l e x i b l e   s p a c e c r a f t ,   i n c l u d i n g   b u l k h e a d s ,   c e n t e r e d   i n   t h e   p r o g r e s s i v e  wave 
tube  and  with a r i g i d   s p a c e r .  The purpose  of  these tests w a s  to   de te rmine  
t h e   l i n e a r i t y   o f  model v ib ra t ion   r e sponse   t o   changes   i n   t he   acous t i c  p r e s -  
sure .   Figures  44 through  53   present   the   response   (g /ps i>   of   the   spacecraf t  
and  shroud  for   the  140 dB and  146 dB test condi t ions .  A review  of   these 
c u r v e s   i n d i c a t e s   i n s i g n i f i c a n t   c h a n g e s   i n   r e s p o n s e   r a t i o s   f o r   t h e  two test 
condi t ions .  The r e s u l t s   o f   t h e s e  tests demons t r a t e   t ha t   t he   v ib ra t ion  
response  of   the model is  l i n e a r   w i t h   c h a n g e s   i n   t h e   a c o u s t i c   p r e s s u r e   f o r  
t h e   l i m i t e d   r a n g e   t h a t  was inves t iga t ed .  

5.5 EFFECT  OF _MO.DEL  POSITION^ -ON VIBRATION RESPONSE. Acoust ic  tests 
were conducted   wi th   the  model cen te red ,   t r ans l a t ed ,   and   ro t a t ed  i n  the   p ro-  
g r e s s i v e  wave tube.  These tests were conduc ted   w i th   t he   f l ex ib l e   spacec ra f t  
and r i g i d   s p a c e r   s e c t i o n .   F i g u r e s  54 th rough  63   present   the   spacecraf t   and  
shroud  response  (g/psi>  and  response  pressures  a t  s t a t i o n   5 2 ,   r e f e r e n c e d   t o  
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microphone 9 f o r   t h e   v a r i o u s  test condi t ions .  The r e s u l t s   i n d i c a t e   t h a t   t h e  
model p o s i t i o n   d i d   n o t   h a v e  a m a j o r   e f f e c t   o n   t h e   a c o u s t i c   f i e l d   o r   s p a c e -  
craft response,  The effect should  be small, s i n c e   t r a n s l a t i n g   o r   r o t a t i n g  
t h e  model   does   no t   change   the   geometr ic   charac te r i s t ics   o f   the   p rogress ive  
wave tube. It is these   geometr ic   charac te r i s t ics   which  are m a j o r   f a c t o r s   i n  
d e t e r m i n i n g   t h e   a c o u s t i c   p r e s s u r e   d i s t r i b u t i o n .  

5 . 6  EFFECT  OF  CONFIGURATION CHANGE ON MODEL RESPONSE 

5.6.1 BOUNDARY CONDITION EFFECTS. Tests were conducted  to   determine 
t h e   e f f e c t s   o f  model  boundary condi t ions   on   the   response   o f   the   spacecraf t  
and  shroud. This w a s  accomplished by  ,comparing t h e   r e s u l t s   o f  tests which 
a l t e r e d   t h e   c h a r a c t e r i s t i c s   o f   t h e   6 - i n c h   s p a c e r   s e c t i o n .  A r i g i d   s p a c e r  
s ec t ion   f ab r i ca t ed   f rom mahogany w i t h  a 2-inch wall thickness   and a f l e x i b l e  
s p a c e r   s e c t i o n   f a b r i c a t e d   i n  a similar manner as the  shroud were used. 
F igures  64 through 73 compare the   response   o f   the   spacecraf t ,   shroud  and  
a c o u s t i c   f i e l d   f o r   t h e  two spacer   configurat ions.   These tests were conducted 
a t  146 dB. The s p a c e c r a f t  and  shroud were n o t   s i g n i f i c a n t l y   a f f e c t e d  by t h e  
boundary  condition  change. The shroud was a f f e c t e d   o n l y  a t  the  lower  end  of 
t h e  spectrum which is the   f requency   reg ion   where   the   addi t iona l   sec t ion  would 
have   the   p r imary   e f fec t  on t h e   s t r u c t u r a l  modes of   the  shroud.  

5.6.2 EFFECT  OF  AFT BULKHEAD ON MODEL RESPONSE. An i n v e s t i g a t i o n  w a s  
conducted   to   de te rmine   the   e f fec ts   o f   the   a f t   bu lkhead   on   the   response   o f   the  
model. The a f t   bu lkhead   f a i l ed   du r ing   t he   ea r ly   phases  of t h e  test program 
as shown i n   F i g u r e  7. S t ra in   gages  were i n s t a l l e d  on  the new bulkhead  and 
noncontact ing  displacement   t ransducers  were i n s t a l l e d   i n   t h e  wooden teruiina- 
t ion   to   de tec t   bu lkhead   d i sp lacement .   Responses   o f   the   spacecraf t ,   shroud 
and acous t i c   f i e ld   w i th   and   w i thou t   t he   bu lkhead ,  were obtained  and  the 
information i s  p r e s e n t e d   i n   F i g u r e s  74 through 83. Only  minor  changes i n   t h e  
r e sponse   o f   t he   spacec ra f t   o r   sh roud   cou ld   be   de t ec t ed   fo r   t h i s   va r i a t ion   i n  
conf igura t ion .  The removal  of  the  bulkhead  increased  the  length of t h e  
c a v i t y   i n   w h i c h   t h e   s p a c e c r a f t  w a s  mounted. T h i s   i n c r e a s e   i n   c a v i t y   l e n g t h  
would  lower  the  internal   s tanding wave frequencies  and  would  not  be  expected 
t o   a f f e c t   t h e   p r i m a r y  model response  above  1500 Hz. The a c o u s t i c   p r e s s u r e  
r e sponse   i n   t he   sh roud   (F igu re  78) i n d i c a t e d  l i t t l e  change  except  for  an 
i n c r e a s e   i n   r e s p o n s e  a t  165 Hz. This f requency  corresponds  to  a s t and ing  
wave which  has a wavelength  of  84  inches.  This i s  approximate ly   the   l ength  
of  the  cavity  formed by the   shroud,   spacer   sec t ion ,   and  wooden te rmina t ion .  

The disp lacement   t ransducers   and   the   s t ra in   gages   d id   no t  reveal any 
s igni f icant   magni tudes   which   could   induce   bu lkhead   fa i lure .  The maximum 
bulkhead  displacement was ,0017  inch  and  the maximum s t r a i n  was 125 p i n . / i n .  
These levels were measured  during a 146 dB test w i t h   t h e   f l e x i b l e   s p a c e c r a f t  
a n d   f l e x i b l e   s p a c e r .   P o s s i b l e   e x p l a n a t i o n   f o r   t h e   f a i l u r e  of t h e   o r i g i n a l  
bulkhead may be  a manufactur ing  defect  o r  buckl ing of t h e  dome due t o  
combined s t a t i c  and  dynamic  loads.   Buckling  would  induce  local  yielding  and 
accelerate son ic   f a t igue .  \ 
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5.6.3 EFFECT  OF THE SPACECRAFT ON MODEL RESPONSE. Tests were conducted 
to   de te rmine   the   e f fec ts   o f   the   dynamica l ly  similar s p a c e c r a f t  on t h e  
response  of   the  shroud.  The dynamically similar s p a c e c r a f t  was rep laced   wi th  
a mass and i n e r t i a   s i m u l a t o r  as shown i n   F i g u r e s   1 0  and 11. Responses  of t h e  
shroud  and  spacecraf t  were measured f o r  a 146 dB broadband random a c o u s t i c  
test. Compara t ive   da t a   r e su l t i ng   f rom  the   r i g id   and   f l ex ib l e   spacec ra f t  
tests are p r e s e n t e d   i n   F i g u r e s  84  through 92. Very l i t t l e  change i n  shroud 
response was i n d i c a t e d   w h i l e   t h e   r e s p o n s e   o f   t h e   r i g i d   s p a c e c r a f t   i n   t h e  
Z-axis  decreased  appreciably.  
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6 .  CONCLUSIONS 

I n   t h e  tests conducted   for   th i s   p rogram,  i t  was shown t h a t   s i g n i f i c a n t  
dynamic response of t h e  model could  be  obtained  using a s imple   f i be rg la s s  
enclosure  and  acoust ic   sources .  The magnitudes of these  responses  are repre-  
sentative o f   t hose   t ha t  would  be  expected i n   a n   a c t u a l   f l i g h t   e n v i r o n m e n t .  
However,  no at tempt  was made to   s imu la t e   t he   ac tua l   acous t i c   env i ronmen t   t o  
which  an  aerospace  vehicle i s  exposed i n  terms o f   t he   spa t i a l   ampl i tude   and  
phase   r e l a t ionsh ips   o f   t he   acous t i c   p re s su re .  Only   minor   var ia t ions   in   the  
dynamic response were o b s e r v e d   f o r   v a r i a t i o n s   i n   t h e   r o t a t i o n a l   o r   t r a n s l a -  
t i o n a l   p o s i t i o n  of t h e  model w i t h i n   t h e  test enc losu re .   The re fo re ,   fo r   t h i s  
type of t e s t i n g ,  i t  should   be   poss ib le   to   use   re la t ive ly  s i m p l e  and  inexpen- 
s ive   suppor t   sys t ems   t ha t  do n o t   r e q u i r e   p r e c i s e   p o s i t i o n i n g   d e v i c e s .  

The t e s t i n g   t o   e v a l u a t e   t h e   e f f e c t s   o f   v a r i a t i o n s   i n   t h e   s t r u c t u r a l  
configurat ion  produced some s i g n i f i c a n t   r e s u l t s .  The use  of a r i g i d   o r   f l e x -  
i b l e   s p a c e r   s e c t i o n  between  the  shroud  and  the  terminat ion  se-ct ion  affected 
the   response   on ly  i n  t h e  low frequency  range  of  the  shroud  where  the  spacer 
cou ld   have   a f f ec t ed   s t ruc tu ra l  modes.  The inc lus ion   o r   r emova l   o f   t he   a f t  
bu lkhead   enc los ing   t he   spacec ra f t   w i th in   t he   sh roud   had   an   i n s ign i f i can t  
e f f e c t  on t h e  model response.  

The u s e  of a r i g i d  model wi th   the  same mass and  center  of g r a v i t y   t o  
r ep lace   t he   spacec ra f t   a f f ec t ed   t he   sh roud   r e sponse   on ly   i n  a small f r e -  
quency  range. The r e sponse   o f   t he   f l ex ib l e   spacec ra f t  model as compared t o  
t h e   r i g i d  model i n d i c a t e s  a s i g n i f i c a n t  change i n   r e s p o n s e   a s s o c i a t e d   w i t h  
t h e   e l a s t i c  modes o f  t h e  model  and i t s  components. 

These r e s u l t s   i n d i c a t e   t h a t   t h e  changes i n   t h e  dynamic response  of  the 
model  due t o   v a r i a t i o n s   i n   t h e   s t r u c t u r a l   c o n f i g u r a t i o n  are p r imar i ly  
r e s t r i c t e d   t o   t h e   l o c a l  areas where  the  s t ructural   changes are made except 
in   the  f requency  range  where  there  i s  a s i g n i f i c a n t  dynamic i n t e r a c t i o n  
between  the Components.  However, i t  shou ld   be   no ted   t ha t   t he   neg l ig ib l e  
e f f e c t  of  removing  the a f t  bulkhead  probably  resul ts   f rom  the  high  acoust ic  
a t tenuat ion   of   the   nose   fa i r ing   and   shroud.  

F ina l ly ,   t he   r e su l t s   o f   t h i s   p rog ram  ind ica t e   t ha t   acous t i c   t e s t ing  
us ing  a s imple   f i be rg la s s   enc losu re  i s  a n   e f f e c t i v e  means of  producing  broad- 
band  dynamic response   o f   f lex ib le   vehic les .   In   addi t ion ,   minor   var ia t ions  
i n   s t r u c t u r a l   c o n f i g u r a t i o n  and   va r i a t ions   o f  model p o s i t i o n   i n   t h e  test 
f a c i l i t y   i n d i c a t e d  minor e f f e c t s  on  the test r e s u l t s .  
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TABLE 1 

Nose Cone 

Shroud  Section 

F lex ib le   Spacer   Sec t ion  

Surface  Mass Density of Cyl inder   Sect ions 

WEIGHTS OF MAJOR COMPONENTS  OF  TEST VEHICLE 

2.74 l b s .  

4.39 l b s .  

1 .05  lbs .  

2.44 x t o  2.70 x 

lb-sec 

i n  

2 

3 

Tota l   Spacecraf t   ( inc luding   suppor t   l egs)  

Simulated  Surface Lab System 

19-20 l b s .  

1.31 l b s .  

12 



TRANSDUCER 

Accel. 1* 

Accel. la* 

Accel. 2 

Accel. 2a  

Accel. 3* 

Accel. 3a* 

Accel. 4 

Accel. 4a 

LOCATION 

S u r f a c e   l a b o r a t o r y  
s y s  tem 

Upper s u r f a c e   o f  
r i g i d  model 

S u r f a c e   l a b o r a t o r y  
s y s  tem 

Next   to   upper   sur -  
face of r i g i d  model 

S u r f a c e   l a b o r a t o r y  
s y s  tem 

Next t o   u p p e r   s u r -  
f a c e   o f   r i g i d  model 

Fuel  cel l  s u r f a c e  

Next t o   bo t tom  su r -  
f a c e   o f   r i g i d  model 

* S e l e c t e d  

TR - 

- 

t r a n s d u c e r s  

TABLE 2 

ANSDUCER  LOCATIONS 

MODEL 
CONFIGURATION 

Flexible   model ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

Rig id   model ,   r ig id  
s p a c e r  

F lex ib le   model ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

R ig id   mode l ,   r i g id  
s p a c e r  

Flexible   model ,  
f l e x i b l e   a n d   r i ' g i d  
s p a c e r s  

Rig id   model ,   r ig id  
s p a c e r  

Flexible   model ,  
r i g i d  and f l e x i b l e  
s p a c e r s  

Rig id   model ,   r ig id  
s p a c e r  

used i n  d i s c u s s i o n  0: 

AXIS 
OF 

SENSITIVITY 

Z-axis 

Z-axis 

45" o f f  X-axis 

45' o f f  X-axis 

45" off  Y-axis 

45" off   Y-axis  

X-axis 

X-axis 

t h i s   r e p o r t .  

ILLUSTRATION 

Fig.  12,  Pg. 30 

Fig. 11, Pg.  29 

F ig .   12 ,  Pg. 30 

Fig .  11, Pg.  29 

F ig .   12 ,  Pg. 30 

Fig.  11, Pg.  29 

F ig .  13, Pg.  30 

F ig .  10, Pg.  29 



TABLE 2 (Cont . )  

TRANSDUCER 

Accel. 5 

Accel. 5a  

Accel. 6 

Accel. 6a 

Accel. 7 

Accel. 8 

Accel. 9* 

Accel. 10 

LO CATION 

Fuel  ce l l  s u r f a c e  

3n b o t t o m   s u r f a c e  
3 f   r i g i d   m o d e l  

Fuel  ce l l  s u r f a c e  

Next t o   b o t t o m   s u r -  
f a c e  of r i g i d   m o d e l  

R e t r o r o c k e t   n o z z l e  

R e t r o s u p p o r t  struc- 
t u r e  

R e t r o s u p p o r t   s t r u c -  
t u r e  

F u e l  c e l l  s u p p o r t  
s t r u c t u r e  

RANSDUCER LOCATIONS 

MODEL 
CONFIGURATION 

F l e x i b l e   m o d e l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

R i g i d   m o d e l ,   r i g i d  
s p a c e r  

F lex ib l e   mode l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

R i g i d   m o d e l ,   r i g i d  
s p a c e r  

F l e x i b l e   m o d e l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

F lex ib l e   mode l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

F l e x i b l e   m o d e l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

F l e x i b l e   m o d e l ,  
f l e x i b l e   a n d   r i g i d  
s p a c e r s  

Ax1 s 
OF 

SENSITIVITY 

Z-axis 

Z-axis 

Y-axis 

Y-axis 

Z-axis 

X-axis 

Y-axis 

Z-axis 

ILLUSTRATION 

F ig .  13, Pg. 30 

F i g .   1 0 ,  Pg. 29 

Fig .  13, Pg. 30 

Fig .  10, Pg. 29 

Fig .  1 4 ,  Pg. 31 

Fig .  15, Pg. 31 

Fig.  15,   Pg. 31 

Fig .  15, Pg. 31 



TRANSDUCER 

Accel. 11* 

Accel. l la* 

Accel. 12  

Accel. 12a 

Accel. 13 

Accel. 13a 

Accel. 14  

LOCATION 

Vehicle   a t tach  r ing 

Vehic le   a t tach   r ing  

Vehic le   a t tach   r ing  

Aft  bulkhead  attach 
r ing 

Planetary  vehicle 
support 

Aft  bulkhead  attach 
r i n g  

Planetary  vehicle  
support 

* Selected  transducer, 

TABLE 2 (Cont.) 

MODEL 
CONFIGURATION 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 1-16 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 17-34 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;  runs 1-16 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 17-34 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 1-16 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 17-34 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 1-16 

used i n   d i s c u s s i o n  oi 

AXIS 
OF 

SENSITIVITY 

X ( r a d i a l )  

X ( r a d i a l )  

Between 
supports 
( r ad ia l )  

15"  off  X-axis 
( r a d i a l )  

Y-axis 

45" o f f  X-axis 
( r a d i a l )  

Z-axis 

t h i s   r e p o r t .  

ILLUSTRATION 

Fig.  16, Pg. 32 

Fig. 18., Pg. 33 

Fig.  16, Pg. 32 

Fig. 18, Pg. 33 

Fig.  17, Pg. 32 

Fig. 18, Pg. 33 

Fig.  17, Pg. 32 



TRANSDUCER 

Accel. 15 

Accel. 15a 

Accel. 15b 

Micr. 1* 

Micr. la* 

Micr. 2* 

Micr. 2a* 

Micr. 3 

TABLE 2 (Cont. ) 

TRANSDUCER LOCATIONS 

LOCATION 

Plane tary   vehic le  
suppor t   ins ide  
spacecraf t   bus  

F l e x i b l e   s p a c e r   a f t  

Saturn V shroud 
a f t  

Surface  laboratory 
sys  tern 

Center   of   r igid 
model forward 

P lane ta ry   veh ic l e  
support  

P lane tary   vehic le  
support  

Plane wave tube 
S t a .  3-22.5" 

* Selected  transducer,  

MODEL 
CONFIGURATION 

Flexible  model, 
f l e x i b l e  and r i g i d  
spacers;   runs 1-16 

Flexible  model, 
f l e x i b l e   s p a c e r  ; 
runs 17-31 

Flexible  model,  
r i g i d  and f l e x i b l e  
spacers ;   runs  17-31 

Flexible  model,  
f l e x i b l e  and r i g i d  
spacers  

Rigid  model,   r igid 
spacer  

F lex ib le  model, 
f l e x i b l e  and r i g i d  
spacers  

Rigid  model, r i g i d  
spacer  

A l l  configurat ions 

used i n   d i s c u s s i o n  of 

Ax1 s 
OF 

SENSITIVITY 

X-axis 
( r a d i a l )  

X-axis 
( r a d i a l )  

X-axis 
( r a d i a l )  

Z-axis 

Z-axis 

15" o f f  X-axis 
( r a d i a l )  

15" o f f  X-axis 

:his   report .  

ILLUSTRATION 

Fig. 1 3 ,  Pg. 30 

Fig. 18, Pg. 33 

Fig. 18, Pg. 33 

Fig.  12, Pg. 30 

Fig. 11, Pg. 29 

Fig. 10, Pg, 29 

Fig. 10, Pg. 29 

Fig. 1 9 ,  Pg. 34 



TABLE 2 ( b n t . )  

TRANSDUCER  LOCATIONS 

TRANSDUCER 

Micr. 4* 

Micr. 5* 

Micr. 6* 

Micr. 7* 

Micr. 8 

Micr. 9* 

Micr. 10 

Micr. 11 

Micr. 12 

Micr. 13 

Micr. 14 

LOCATION 

Plane wave tube 
Sta.  52-22.5' 

Plane wave tube 
Sta. 52-112.5' 

Plane wave tube 
Sta.  52-202.5' 

Plane wave tube 
Sta.  52-292.5' 

Plane wave tube 
Sta. 58-22.5' 

Plane wave tube 
Sta. 64-22.5' 

Plane wave tube 
Sta.  69-22.5' 

Plane wave tube 
Sta.  69-112.5' 

Plane wave tube 
Sta.  69-202.5' 

Plane wave tube 
Sta.  69-292.5' 

Plane wave tube 
Sta. 80-22.5' 

* Selected  transducer: 

MODEL 
CONFIGURATION 

A l l  configurations 

A l l  configurations 

All   configurat ions 

All configurations 

A l l  configurations 

All   configurat ions 

A l l  configurations 

All configurations 

All configurations 

A l l  configurations 

A l l  configurations 

used in   d i scuss ion   o f  

AXIS 
OF 

SENSITIVITY ILLUSTRATION 

Fig.  19, Pg. 34 
- 

Fig.  19, Pg. 34 

Fig.  19, Pg. 34 

Fig.  19, Pg.  34 

Fig.  19, Pg.  34 

Fig.  19, Pg.  34 

Fig.  19, Pg. 34 

Fig.  19, Pg. 34 

Fig.  19, Pg. 34 

Fig.  19, Pg. 34 

Fig.  19, Pg. 34 



TABLE 2 (Cont . ) 

TRANSDUCER 

Micr.  15 

Micr. 16  

Micr. 17 

S t r .  Gage 1 

S t r .  Gage  2 

S t r .  Gage 3 

S t r .  Gage  4 

S t r .  Gage  5 

S t r .  Gage 6 

LOCATION 

? lane  wave tube 
jta. 91-22.5' 

? l ane  wave tube 
jta. 103-22.5" 

? l ane  wave tube 
Sta. 115-5-22.5' 

? l ane ta ry   veh ic l e  
support 

? l ane ta ry   veh ic l e  
support 

P lane tary   vehic le  
support 

Forward bulkhead 
X-axis 

Forward bulkhead 
120" o f f  X-axis 

Forward bulkhead 
240" o f f  X-axis 

WSDUCER  LOCATIONS 

MODEL 
CONFIGURATION 

I11 configurat ions 

I11 configurat ions 

911 configurat ions 

911 configurat ions 

All configurat ions 

All configurat ions 

Flexible  model, 
runs 17-20 
runs 29-31 

Flex ib le  model, 
runs 17-20 
runs 29-31 

Flexible  model,  
runs 17-20 
runs 29-31 

Ax1 s 
OF 

SENSITIVITY ILLUSTRATION 

Fig.  19, Pg. 34 
_ _ _ _ _ ~ ~  

Fig.  19, Pg. 34 

Fig.  19, Pg.  34 

Fig. 13, Pg. 30 

Fig. 13, Pg. 30 

Fig. 13, Pg. 30 

Fig. 20, Pg. 35 

Fig. 20, Pg.  35 

Fig. 20, Pg. 35 



TABLE 2  (Concluded) 

TRANSDUCER 

S t r .  Gage 7 

S t r .  Gage 8 

St r .  Gage 9 

S.G.  Mod. 1 

S.G.  Mod. 2 

S.G.  Mod. 3 

S.G.  Mod. 4 

Disp. Probe 1 

Disp. Probe  2 

TRANSDUCER  LOCATIONS 
I 

I '  

AXIS 
MODEL OF 

LOCATION  CONFIGURATION  SENSITIVITY 

Aft  bulkhead 
X-axis 

Aft  bulkhead 
120" o f f  X-axis 

A f t  bulkhead 
240" o f f  X-axis 

Modulator 1 

Modulator  2 

Modulator 3 

Modulator 4 

Aft  bulkhead 
bot tom, X-axis 

Aft  bulkhead 
a t  f a i l u r e  

Flexible model, 
runs 17-20 
runs 29-31 

Flexible  model, 
runs 17-20 
runs 29-31 

Flexible  model, 
runs 17-20 
runs 29-31 

- 
- 
- 
- 

Flexible  model, 
runs 17-20 
runs 29-31 

Flexible  model, 
runs 17-20 
runs 29-31 

1 
ILLUSTRATION 

Fig. 20, Pg. 35 

Fig. 20, Pg. 35 

Fig. 20, Pg. 35 

N/A 

N/A 

NIA 

N/A 

Fig. 20, Pg. 35 

Fig. 20, Pg. 35 



TABLE 3 

TEST PLAN 

RUN NO. NO. OF SOURCES  SIGNAL 

MODEL CENTERED, R I G I D  SPACER,  FLEXIBLE MODEL 

1 Sine  

2 Sine,  In-phase 

1 0  

11 

12  

1 3  

14 

15  

1 6  

4 

4 

Sine,   In-phase 

Sine,   In-phase 

4 Random, Cor re l a t ed  

4 Random, Cor re l a t ed  

4 Random, Cor re l a t ed  

4 Random, Uncorrelated 

2 Random, Cor re l a t ed  

MODEL TRANSLATEDy R I G I D  SPACER, FLEXIBLE MODEL 

4 Sine,   In-phase 

4 Random, Cor re l a t ed  

2 Random, Cor re l a t ed  

4 Random, Uncorre la ted  

MODEL ROTATED, R I G I D  SPACER,  FLEXIBLE MODEL 

4 

4 

Sine,   In-phase 

Random, Cor re l a t ed  

2 Random, Cor re l a t ed  

COMMENT 

Standing Wave 
Survey 

146 dB 

143 dB 

140 dB 

140 dB 

146 dB 

146 dB 

146 dB 

140 dB 

146 dB 

146 dB 

20 



RUN NO. 

1 7  

18 

1 9  

20  

2 1  

2 2  

2 3  

24 

25  

26 

27 

2 8  

29 

30 

31 

32 

33 

34 

TABLE 3 (Concluded) 

NO. OF SOURCES S I GNAL 

MODEL  CENTERED, FLEXIBLE  SPACER  WITH BULKHEAD 

4 S i n e ,   I n - p h a s e  

4 Random, C o r r e l a t e d  

4  Random, C o r r e l a t e d  

4  Random, U n c o r r e l a t e d  

MODEL CENTERED, R I G I D  SPACER, R I G I D  MODEL 

4 S ine ,   In -phase  

4 Random, C o r r e l a t e d  

4  Random, C o r r e l a t e d  

4 Random, U n c o r r e l a t e d  

COMMENT 

1 4 6  dB 

140 dB 

140 dB 

1 4 6  dB 

1 4 0  dB 

1 4 0  dB 

1 4 0  dB 

MODEL CENTERED, R I G I D  SPACER,  FLEXIBLE MODEL, NO BULKHEAD 

4 S ine ,   In -phase  

4  Random, C o r r e l a t e d   1 4 0  dB 

4  Random, C o r r e l a t e d   1 4 6  dB 

4  Random, U n c o r r e l a t e d   1 4 6  dB 

MODEL CENTERED, R I G I D  SPACER,  FLEXIBLE MODEL,  WITH  BULKHEAD 

4  Random, C o r r e l a t e d   1 4 0  dB 

4 Random, C o r r e l a t e d   1 4 6  dB 

4 Raadom, U n c o r r e l a t e d   1 4 0  dB 

MODEL CENTERED,  FLEXIBLE  SPACER,  FLEXIBLE  MODEL, NO BULKHEAD 

4 S i n e ,   I n - p h a s e  

4  Random, C o r r e l a t e d  

4 Random, C o r r e l a t e d  

1 4 6  dB 

140 dB 

21 
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EXPONENTIAL 
MODULATORS 

PROGRESSIVE  WAVE 

TEST FACILITY 



r F I E L D  

MODULATING f 
ELEMENT 

MODULATING 
ELEMENT 

DETAIL A 

CROSS-SECTIONAL VIEW OF AIR STREAM  MODULATOR 
FIGURE 2 
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l ,  1 

33.6" 
I 

I1 t 

0.125"- 

FLEXIBLE SPACER 
SECTION 

26" OIA.-d 

TEST MODEL 
FIGURE 3 



c 

SPACECRAFT NOSE F A I R I N G  
FIGURE 4 

SATURN V SHROUD 
FIGURE 5 
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SPACECRAFT PRESSURE BULKHEAD 
Viewing  Inner  Surface 

FIGURE 6 

. " ." . . . . . .. "___ 

AFT PRESSURE BULKHEAD FAILURE 
Viewing  Vehicle  from  Rear i n  + Z   D i  r e c t i o n  

FIGURE 7 

26 



1/10 SCALED MODEL OF REPRESENTATIVE  SPACECRAFT  ASSEMBLY 

FIGURE 8 
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I 
' A 

EXPONENTIAL \ TERMINATION L $;, .. 
SHROUD 

/ 

MODEL  INSTALLATION I N  ACOUSTIC  FACILITY 



R I G I D  MODEL TRANSDUCER LOCATIONS 
Viewing Model i n  +Z D i  r e c t i o n  

FIGURE 10 

+x 
R I G I D  MODEL  TRANSDUCER  LOCATIONS 

Viewing Model f rom Top 

FIGURE 11 



LX811088 2 
LANDER 

FLEXIBLE MODEL  TRANSDUCER  LOCATIONS 
Viewing  Lander  (LX811088)  from Top i n  - Z  D i r e c t i o n  

FIGURE 12 

FLEXIBLE MODEL TRANSDUCER LOCATIONS 
Viewing  Spacecraf t  Bus (LX811066)  from Top i n  - Z  D i r e c t i o n  

FIGURE 1 3 

30 
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FLEXIBLE MODEL  ACCELEROMETER  LOCATIONS 
Viewing  Spacecraf t  Bus (LX811066)  from  Bottom i n  +Z D i r e c t i o n  

FIGURE 14 

+X- r 

4 

. FLEXIBLE MODEL  ACCELEROMETER  LOCATIONS 
Viewing  Spacecraf t  Bus (LX811066) f rom  Bottom i n  +Z D i r e c t i o n  

w i th   Ret ro rocket   Nozz le  Removed 

FIGURE 15 

31 



SATURN V SHROUD ( L X 8 1 1 0 6 2 )  ACCELEROMETER  LOCATIONS 
Viewing  Shroud  from T o p  i n  - Z  D i r e c t i o n  

FIGURE  16  

FLEXIBLE MODEL ACCELEROMETER LOCATIONS 
V iew ing   Sec t i on   o f   Spacec ra f t  B u s   ( L X 8 1 1 0 6 6 )  i n  - Z  D i r e c t i o n  

FIGURE 1 7 

32 



SATURN V SHROUD AND FLEXIBLE ACCELEROMETER  LOCATIONS 
Viewing Assembly from  Bottom i n  +Z D i r e c t i o n  

FIGURE 18 
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52 58 64 69 80 91 103 115.5 

* CONTROL MICROPHONE 
+y 1 +X 

A-A 

MICROPHONE LOCATIONS 



+X FORWARD BULKHEAD 
(VIEWING FORWARD) 

SG 8 

AFTBULKHEAD 
(VIEWING FORWARD) 

BULKHEAD  INSTRUMENTATION 
FIGURE 20 

". 
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2. m~crophnno 
3. strain Q ~ Q O  

I FREQUENCY 
TRACKING 

FILTER I 
RESPONSE 
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FIGURE 21 
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10 

0 z 
- 1.0 

I 
0.1 

v, 

0 
z 

v, 
CL 

W e 

2iT.; i 1.J. 
Cen t e  
Space 

M i  crophone No. 4 
Location:  Sta. 52-22.5" 
Number o f  Sources: 4 
S i  gnal : S i  nusoi   dal  

100 1000 2000 

FREQUENCY - HZ 

SOUND PRESSURE RESPONSE 

FIGURE 22 
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10.0 

1 .o 

0.1 

FREQUENCY - HZ 

SOUND PRESSURE RESPONSE 

FIGURE 23 
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10.0 

1 .o 

0.1 

0.02 
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: ! ; '1 

Confi Cen t e  
Space 

M i  crophone No. 11 
Location:  Sta. 69-112.5' 
Number c c 
S i  qnal : 

f ' Sources: 4 
Sinusoidal  

10 100 

FREQUENCY - HZ 

1000 2000 

SOUND PRESSURE  RESPONSE 

FIGURE 24 
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