
NASA Contractor Report 159956 

SPACE SHUTTLE PAYLOAD BAY 
ACOUSTICS PREDICTION STUDY 

VOLUME IllA ADDENDUM TO COMPUTER 
USERS' MANUAL 

J.F. Wi,lby 

E.G. Wilby 

BOLT BERANEK AND NEWMAN INC. 
Canoga Park, California 9 1303 

Contract No. NAS5-26570 

January 1983 

NASA 
National Aeronautics and 
Space Administration 

Goddard Spaco Flight Conter 
Greenbelt, Maryland 2077 1 \ 



CONTEPTS 

Chapter P a g e  

1 .0  SUMMARY . . . . . . . . . . . . . . . . . . . . . .  1 

2.0 INTRODUCTION. . . . . . . . . . . . . . . . . . . .  2 
2 . 1  General . . . ,  . . . . . . . . . . . . . . . .  2 

2.2 Computer P r o g r a m  M o d i f i c a t i o n s  2 . . . . . . . .  
. . . . . . . . . .  3.0 EXTERIOR SOUND PRESSURE LEVELS. 5 

4.0 ACOUSTIC ABSORPTION COEFFICIENTS. . . . . . . . . .  8 

5.0 VERTICAL STATION DATUM. . .  . .  . .  . .  . .  . . 1 2  

6.0 CONFIDENCE LIMITS . . . . . . . . . . . . . . . . .  1 3  

7.0 ANALYTICAL MODEL FOR PAYLOAD BAY DOOR . . . . . . .  15 

8.0 D I S C U S S I O N .  . . . . . . . . . . . . . . . . . . . .  20 

REFERENCES . . . . . .  . .  . . . . . . . 

-i- 



LIST ,OF P4GURES 

F i g u r e  Page 

1. E x t e r n a l  Sound P r e s s u r e  Levels  on D i f f e r e n t  
S t r u c t u r a l  Regions (Average of  STS-2 and 
STS-3 Data) . . . . . . .  . - .  . . . . . . . . . . .  6 

2. Band Average J o i n t  Acceptances f o r  Payload Bay 
Door w i t h  P r o g r e s s i v e  Wave E x c i t a t i o n  . . . . . . .  1 6  

3. Comparison of  P red ic t ed  and Measured Space-Average 
Sound P r e s s u r e  Leve l s  f o r  Payload Bay of  STS-1. . .  17 

4. Comparison of  P red ic t ed  and Measured Space-Average 
Sound P r e s s u r e  L e v e l s  f o r  Payload Bay of STS-2. . .  18 

5. Comparison of  P r e d i c t e d  and Measured Space-Average 
Sound P r e s s u r e  Leve l s  f o r  Payload Bay of  STS-3. . 1 9  

6.  Space-Average and 95% Confidence L i m i t s  f o r  
Measured Sound P r e s s u r e  Leve l s  i n  Payload Bay 
a t  L i f t - o f f  (STS-1, STS-2, and STS-3) . . . . . . .  22 

7. Space-Average and Range o f  Values  f o r  Measured 
Sound P r e s s u r e  Levels  i n  Payload Bay a t  L i f t - o f f  
(STS-1, STS-2, and STS-3) . . . . . . . . . . . . .  2 3  . 

-ii- 



LIST QF TABLES 

Page 

1. E s t i m a t e d  E x t e r n a l  Space-Average Sound P r e s s u r e  
L e v e l s . .  . . . . . . . . . . . . . . . . . . . . .  7 

2. E s t i m a t e d  Absorp t ion  C o e f f i c i e n t s  f o r  Payload Bay. . 1 0  

3 .  E s t i m a t e d  Absorp t ion  C o e f f i c i e n t s  f o r  Payload 
S u r f a c e s .  . . . . . . . . . . . . . . . . . . . . .  11 

4.  Confidence I n t e r v a l s  f o r  Space-Average Sound 
P r e s s u r e  Leve l s  P r e d i c t e d  by PACES. . . . . . . . .  14 

-iii- 



1.0 SUMMARY 

S i n c e  t h e  p u b l i c a t i o n  o f  the  Computer Users' Manual f o r  PACES, 

t h e  a n a l y t i c a l  model has b e e n  v a l i d a t e d  by means of measured 
data from t h e  f i r s t  three  s h u t t l e  l i f t - o f f s .  During t h e  

v a l i d a t i o n  p r o c e s s ,  new in fo rma t ion  became a v a i l a b l e  and f i v e  
changes have  been made t o  t h e  i n p u t  data and t h e  computer 
program. Three changes a f f e c t  the  u s e r .  They are:-  

( a )  A r e v i s i o n  t o  t h e  recommended e x t e r i o r  sound 
p r e s s u r e  l e v e l s  (See S e c t i o n  3.0) 

( b )  A r e v i s i o n  t o  t h e  recommended payload  bay a c o u s t i c  
a b s o r p t i o n  c o e f f i c i e n t s  (See S e c t i o n  4.0) 

( c )  A r e v i s i o n  t o  t h e  v e r t i c a l  s t a t i o n  datum f o r  t he  
payload bay (See  S e c t i o n  5.0). 

The two o t h e r  changes do n o t  i n v o l v e  t h e  u s e r .  The changes are 
a s s o c i a t e d  with the  o u t p u t  of conf idence  l i m i t s  f o r  the  p r e d i c -  
t e d  space-average  sound p r e s s u r e  l e v e l s  i n  t h e  payload  bay ,  and 
a m o d i f i c a t i o n  t o  t h e  a n a l y t i c a l  r e p r e s e n t a t i o n  of t he  payload  
bay door .  The changes are d i s c u s s e d  b r i e f l y  i n  t h i s  Addendum t o  
t h e  Computer Users Manual. 
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2 . 0 INTRODUCTION 

2.1 Genera l  

The PACES (Payload  - - A c o u s t i c s  - Environment f o r  - S h u t t l e )  computer 
program, developed from t h e  a n a l y t i c a l  model desc r ibed  i n  [l], 
p r o v i d e s  a means o f  p r e d i c t i n g  t h e  sound l e v e l s  i n  t h e  payload  
bay of  t h e  Space S h u t t l e  o r b i t e r - v e h i c l e  at  l i f t - o f f .  The 
development of  t h e  a n a l y t i c a l  model i n c l u d e d  a number of v a l i d a -  
t i o n  t e s t s  i n v o l v i n g  t h e  OV-101 t e s t  v e h i c l e  and o n e - f i f t h  and 
o n e - q u a r t e r  s c a l e  models.  T h i s  development p r o c e s s  i s  d e s c r i b e d  
i n  Volumes I, 11, IV and V of N A S A  C o n t r a c t o r  Repor t  CR-159956 
[l]. Volume I11 o f  t h e  same r e p o r t  c o n s i s t s  of  a u s e r s '  manual 
f o r  t h e  PACES computer program. 

Subsequent  t o  t h e  p u b l i c a t i o n  o f  N A S A  CR-159956 i n  March 1980, 
a c o u s t i c  measurements were made on the e x t e r i o r  of  t h e  o r b i t e r  
v e h i c l e  and i n  t h e  payload  bay d u r i n g  l i f t - o f f  f o r  t h e  f i r s t  
three s h u t t l e  l a u n c h e s  [2-41 d e s i g n a t e d  STS-1, STS-2 and STS-3. 
Data from these l aunches  were ana lyzed  C5-71 w i t h  t h e  purpose  of 
v a l i d a t i n g  t h e  PACES computer program under  a c t u a l  l aunch  
c o n d i t i o n s  and w i t h  a n  e s s e n t i a l l y  empty payload  bay. The 
r e s u l t s  of these a n a l y s e s  i n d i c a t e d  s e v e r a l  ways i n  which t h e  

a c c u r a c y  of t h e  p r e d i c t i o n s  could be improved e i t h e r  by 
modi fy ing  i n p u t  data  t o  t h e  program, by changing  a s sumpt ions  
a d o p t e d  i n  t h e  computa t ion  p r o c e s s ,  o r  by a d d i t i o n s  t o  t h e  
computer program o u t p u t .  These improvements are d i s c u s s e d  i n  
t h i s  r e p o r t ,  which is a n  addendum t o  t h e  computer u s e r s '  manual 
(Volume 111 of [ I ] ) .  

2.2 Computer Program Modifications 

It s h o u l d  be emphasized t h a t  the  m o d i f i c a t i o n s  t o  t h e  PACES 

computer program do n o t  i n v o l v e  changes t o  t h e  a n a l y t i c a l  model. 

- 2- 



. -  t 
Rather t h e y  c o n s i s t  of m o d i f i c a t i o n s  t o  t he  manner i n  which 

computa t ions  a re  performed o r  iipdat-es made t o  t h e  i n p u t  data.  
The m o d i f i c a t i o n s  a re : -  

R e v i s i o n s  t o  t he  recommended e x t e r i o r  sound p r e s s u r e  l e v e l  
t o  take i n t o  accoun t  a c t u a l  l i f t - o f f  measurements.  

R e v i s i o n s  t o  recommended a c o u s t i c  a b s o r p t i o n  c o e f f i c i e n t s  
f o r  t h e  payload  and payload bay t o  take i n t o  accoun t  t h e  

u s e  of TCS material  on t h e  fo rward  and a f t  bu lkheads ,  and 
thermal i n s u l a t i o n  m a t e r i a l  on payload s u r f a c e s .  

Change of  t h e  r e f e r e n c e  Z s t a t i o n  used i n  t h e  computer 
program t o  a l l o w  f o r  t h e  a p p l i c a t i o n  o f  PACES t o  pay loads  
w i t h  a diameter of  15 fee t  ( the  maximum p e r m i s s i b l e  w i t h i n  
t h e  payload  e n v e l o p e ) .  

P r o v i s i o n  of conf idence  l i m i t s  f o r  t h e  estimated 
space-average  sound p r e s s u r e  l e v e l s  i n  t h e  payload bay .  

Changes t o  t h e  assumpt ions  adopted  i n  t h e  r e p r e s e n t a t i o n  
o f  t h e  dynamic c h a r a c t e r i s t i c s  of t h e  payload  bay door .  

The m o d i f i c a t i o n s  have a small impact  on the  tasks performed by 
t h e  u s e r .  Items ( a )  and (b) s imply  r e p l a c e  v a l u e s  recommended 
p r e v i o u s l y  on t h e  basis of i n f o r m a t i o n  a v a i l a b l e  b e f o r e  t h e  

f i r s t  l a u n c h  of t h e  Space S h u t t l e .  Item ( e )  c o r r e c t s  a n  e r r o r  
i n  t h e  Z datum c o n t a i n e d  i n  PACES. I t e m  ( d )  i s  an  a d d i t i o n  t o  
t he  computer program t o  p rov ide  the  a u t o m a t i c  o u t p u t  of c o n f i -  
dence  l i m i t s  f o r  a l l  p r e d i c t e d  space-average sound p r e s s u r e  
l e v e l s .  F i n a l l y ,  item ( e )  c o n s t i t u t e s  a change t o  t h e  s t r u c -  
t u r a l  data package,  which i s  o u t s i d e  t h e  c o n t r o l  of t h e  u s e r .  

- 3- 



I n  summary, t h e  u s e r  shou ld  n o t e  i tems ( a ) ,  ( b )  and ( c )  b e f o r e  
p r e p a r i n g  a n  i n p u t  data package f o r  PACES. The u s e r  has no 
c o n t r o l  o v e r  i tems ( d )  and ( e ) .  Users o f  PACES shou ld  s t i l l  
refer t o  Volume I11 of [l] as the  program manual.  The p r e s e n t  
addendum i s  p r e s e n t e d  s o l e l y  as a supplement  t o  Volume 111. 
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3.0 EXTERIOR SOUND PRESSURE LEVELS 

I n  S e c t i o n  5.1 of  Volume I11 c a r d s  8 th rough  31 d e f i n e  t h e  

space-average  sound p r e s s u r e  l e v e l  spectra  ( i n  o n e - t h i r d  o c t a v e  
f r e q u e n c y  bands )  on the  e x t e r i o r  of  t h e  payload  bay.  The exter-  
i o r  s u r f a c e s  are  d i v i d e d  i n t o  s i x  areas -- payload  bay  door ,  
fo rward  and a f t  r e g i o n s  of t h e  bot tom, fo rward  and a f t  r e g i o n s  
of t h e  s idewall ,  and t h e  a f t  bulkhead a t  X = 1307. Space- 
a v e r a g e  sound l e v e l s  are r e q u i r e d  f o r  each  area. The data f o r  
t h e  c a r d s  are t o  be s e l e c t e d  by t h e  u s e r  b u t ,  on page 2 9  o f  
Volume 111, t h e  u s e r  i s  referred t o  recommended l e v e l s  p rov ided  
i n  Volume 11. 

S i n c e  t h e  p u b l i c a t i o n  of  Volumes I1 and 111, measurements made 
d u r i n g  STS-1, STS-2 and STS-3 i n d i c a t e  t h a t  the  e x t e r i o r  l e v e l s  
g i v e n  i n  Volume I1 (and  based on 6 .4% s c a l e  model t es t s )  do n o t  
match t h e  a c t u a l  l i f t - o f f  v a l u e s .  Consequent ly  t h e  recommended 
e x t e r i o r  sound p r e s s u r e  leve ls  have  been mod i f i ed  by a v e r a g i n g  
da t a  f rom STS-2 and STS-3 l aunches .  (Data f rom STS-1 have been 
exc luded  because  t h e  ramp water i n j e c t i o n  s y s t e m  was changed 
f o l l o w i n g  STS-1 l a u n c h ) .  The r e s u l t i n g  sound p r e s s s u r e  l e v e l  
s p e c t r a  are  p l o t t e d  i n  F igu re  1 and t a b u l a t e d  i n  Tab le  1. The 
s p e c t r a  c o n t a i n  measured d a t a  f o r  the  f r equency  r ange  12 .5  Hz t o  
1600 Hz. 
s i g n a l  con tamina t ion .  Thus the s p e c t r a  were e x t r a p o l a t e d  from 
1600 Hz t o  4000 Hz by i n s p e c t i o n .  

Data a t  h ighe r  f r e q u e n c i e s  were exc luded  because  of 

It i s  recommended t h a t  t he  spectra  c o n t a i n e d  i n  F i g u r e  1 and 
T a b l e  1 now be used  as data i n p u t  t o  PACES, i n  p l a c e  of  v a l u e s  
g i v e n  i n  Volume 11. 
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FIGURE 1. EXTERNAL SOUND PRESSURE LEVELS ON DIFFERENT STRUCTURAL 
REGIONS (AVERAGE OF STS-2 AND STS-3 DATA)  
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4.0 ACOUSTIC ABSORPTION COEFFICIENTS 

I n  S e c t i o n  5.1 o f  Volume 111, Payload Cards 4 + 3n th rough  
3 t 27n c o n s t i t u t e  n sets of 24 c a r d s  which d e f i n e  the  a c o u s t i c  * 

a b s o r p t i o n  c o e f f i c i e n t  s p e c t r a  f o r  t h e  s i x  s u r f a c e s  of each  sub- 
volume. Also, Payload Cards 4 t 28n th rough  3 t 32n c o n s t i t u t e  
a s e t  o f  4n cards which d e f i n e  t h e  a b s o r p t i o n  c o e f f i c i e n t  
s p e c t r a  f o r  t h e  non-bounding payload  s u r f a c e s  i n  t h e  n sub- 
volumes. Values  of t h e  a b s o r p t i o n  c o e f f i c i e n t s  are  t o  be 

s e l e c t e d  by t h e  u s e r .  

Table  6 of  Volume I1 prov ides  a b s o r p t i o n  c o e f f i c i e n t s  estimated 
f o r  t h e  payload  and payload  bay s u r f a c e s .  The t a b l e  has now 
been r e v i s e d  t o  a l l o w  f o r  t h e  TCS material which i s  i n s t a l l e d  on 
the  fo rward  (X = 582)  and a f t  (X = 1307) bu lkheads .  Also, 
a l lowance  i s  made f o r  t h e  p o s s i b l e  u s e  of thermal  i n s u l a t i o n  
material ( referred t o  here  under t h e  g e n e r i c  TPS d e s i g n a t i o n )  on 
s u r f a c e s  o f  t h e  payload.  Use of  such  material  on pay loads  was 
obse rved  f o r  t he  ear ly  s h u t t l e  l aunches .  Revised a b s o r p t i o n  
c o e f f i c i e n t  s p e c t r a  are g iven  i n  T a b l e  2 f o r  t h e  payload  bay 
s u r f a c e s ,  and i n  Table 3 f o r  payload s u r f a c e s .  

I n  t h e  case of  t h e  payload ,  two extreme c o n d i t i o n s  are p r e s e n t -  
e d .  One extreme refers  t o  a payload  which has no s u r f a c e s  
t r e a t e d  w i t h  TCS ( o r  e q u i v a l e n t )  material ,  and t h e  o t h e r  i s  
a s s o c i a t e d  w i t h  pay loads  f o r  which a l l  t h e  s u r f a c e  area i s  
t reated w i t h  TCS material. Table 3 p r o v i d e s  a b s o r p t i o n  
c o e f f i c i e n t  data f o r  bo th  c o n d i t i o n s ,  w i t h  a0 r e f e r r i n g  t o  
s u r f a c e s  w i t h o u t  TCS and at t o  s u r f a c e s  w i t h  TCS material. 

Should t h e  payload 
a v e r a g e  a b s o r p t i o n  

be o n l y  p a r t i a l l y  covered by TCS material, a n  
c o e f f i c i e n t  E can be estimated by: -  

- “ O S O  + “tSt 
t so -t s a =  



I n  Eq.(l) So and S t  are ,  r e s p e c t i v e l y ,  t h e  areas of the  
s u r f a c e s  w i t h o u t  and w i t h  TCS material .  
o b t a i n e d  from T a b l e  3 .  

Values of a0 and at are  
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Table 3. Estimated Absorption Coefficients for Payload Surfaces 

Frequency 
(Hz 1 

12.5 
1 6  
20 
2 5  
31.5 
40 
50  
63  
80 

1 0 0  
1 2 5  
1 6 0  
200  
250  
315 
400 
500  
630 
800 

1000 
1250  
1 6 0 0  
2000 
2500 
3150 
4000 

Without 
TC S 
aO 

0.175 

0. 75 

k i t h  
TC S 

0.175 

0. 75 
0.220 
0.310 
0.415 
0.480 

0.520 
0.505 

0.530 
0.535 
0.535 
0.535 
0.525 
0.520 
0.510 
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5.0 VERTICAL STATION DATUM 

Payload Cards 4 t h rough  3+n d e f i n e  t h e  volume, d imens ions  and 
l o c a t i o n s  of t h e  n a c t i v e  subvolumes which d e s c r i b e  t h e  r e g i o n  
s u r r o u n d i n g  a payload.  Columns 51-60 o f  each  c a r d  d e f i n e  t he  

Volume K Z-axis l o c a t o r  D 2 ( K ) ,  where D 2 ( K )  i s  t h e  d i s t a n c e  ( i n  
i n c h e s )  t h a t  t he  t o p  s u r f a c e  of  the  subvolume indexed  K l i e s  
below a g i v e n  v e r t i c a l  s t a t i o n  datum. The datum i s  g i v e n  as 
Z = 488 i n  Volume I11 o f  [l] b u t  s i n c e  t h i s  l o c a t i o n  l i e s  w i t h i n  
t h e  maximum a v a i l a b l e  payload enve lope  t h e  v a l u e  i s  be ing  
changed t o  Z = 493. T h i s  v e r t i c a l  s t a t i o n  c o i n c i d e s  w i t h  t h e  

lower  s u r f a c e  of t h e  r a d i a t o r s  a t  t h e  payload bay c e n t e r l i n e  
( Y = O ) ,  and p r o v i d e s  a s t a t i c  c l e a r a n c e  of 3.0 i n c h e s  between the  

r a d i a t o r s  and t h e  payload envelope  w i t h  a 90.0 i n c h  r a d i u s  
c e n t e r e d  a t  2 = 400. 

The i n s t r u c t i o n s  r e g a r d i n g  t h e  d e f i n i t i o n  of D 2 ( K )  shou ld  now 
read:  D 2 ( K )  i s  the  d i s t a n c e  ( i n c h e s , )  t h a t  t he  deformed t o p  
s u r f a c e  of  t h e  subvolume indexed K l i e s  below t h e  v e r t i c a l  
s t a t i o n  d e s i g n a t e d  493, when measured on t h e  Y=O a x i s .  
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6.0 CONFIDENCE INTERVALS 

Analys i s  of t h e  sound l e v e l s  measured i n  t h e  payload bay  d u r i n g  
l i f t - o f f  f o r  STS-1, -2 and -3 has p rov ided  95% conf idence  i n t e r -  
v a l s  f o r  each o n e - t h i r d  oc t ave  band i n  t h e  f r e q u e n c y  range  12.5 
t o  630 Hz. 
T a b l e  4 ,  have been a p p l i e d  d i r e c t l y  t o  a l l  space-average  sound 
p r e s s u r e  l e v e l s  p r e d i c t e d  by  PACES. Confidence i n t e r v a l s  f o r  
f r equency  bands above 630 Hz have been estimated by t a k i n g  
a v e r a g e  v a l u e s  f o r  the  one- th i rd  o c t a v e  bands i n  t he  f r e q u e n c y  
range  160 t o  630 Hz. These e x t r a p o l a t e d  v a l u e s  (-3.3 d B  and 
+ l . g  d B )  are  a l s o  shown i n  Table  4. 

These conf idence  i n t e r v a l s  which are g i v e n  i n  

The i n c l u s i o n . o f  95% conf idence  i n t e r v a l s  i n  PACES does  n o t  
i n v o l v e  any a d d i t i o n a l  e f f o r t  on the  p a r t  of t h e  u s e r .  The 
c o n f i d e n c e  i n t e r v a l s  are s p e c i f i e d  i n  t h e  f i r s t  e i g h t  cards of 
t h e  DATA-STRUCTURE package,  and t h e y  are t o  be c o n s i d e r e d  as 
pa r t  of t h a t  f i x e d  i n p u t  package. To accommodate t h i s  a d d i t i o n -  
a: data, t h e  number of data  c a r d s  i n  t h e  DATA-STRUCTURE package 
(see page 29 of Volume I11 [ l ] )  has been i n c r e a s e d  t o  346 (Cards 
32-377) and the  card d e f i n i n g  t h e  number of payload c o n f i g u r a -  
t i o n  i n p u t  da ta  packages ( s e e  page 30 of  Volume I11 [l]) has 
been changed from Card 370 t o  Card 378. 

The new o u t p u t  f rom PACES, showing t h e  upper  and lower  95% 
c o n f i d e n c e  l i m i t s ,  p r o v i d e s  an i n d i c a t i o n  of  t he  s t a t i s t i c a l  
v a r i a b i l i t y  of payload  bay sound l e v e l s  f rom l o c a t i o n  t o  
l o c a t i o n  and from l a u n c h  t o  launch .  F u r t h e r  d e t a i l s  on t h e  

measured v a r i a t i o n s  i n  payload bay sound l e v e l s  can be found i n  
C5-71- 



Table 4 .  Confidence Intervals for Space-Average 
Sound Pressure Levels Predicted by PACES 

12.5 
1 6  
20 

25  
31.5 
4 0  

50 
6 3  
80 

1 0 0  

125 
160  
200 

250 
315 
400 

500 
630 
800 

1 0 0 0  

1250 
1600 
2000 

2 500 
3150 
4000 

95% Confidence 
I n t e r v a l s  (dB)  
Lower 

-2.5 
-1.5 
-1.9 
-3.7 
-2.5 
-1.7 
-3.1 
-1.7 
-3.5 
-2.1 
-5.6 
-3.3 
-3.7 
-3.0 
-3.2 
-3.2 
-3.3 
-3.1 
-3.3 
-3.3 
-3.3 
-3.3 
-3.3 
-3.3 
-3.3 
- 3 - 3  

Upper 

+1.5 
+l. 1 
+1.4 
+2.0 
+1.5 
+1.2 

+1.8 
+1.3 
+ l o g  

+1.4 
+2.3 
+1.8 
+2.0 

+1.7 
+1.8 
+ 1 . g  
+ 1 . g  
+1.g 
+ l e g  
+1 .g  
+ 1 . g  
+1.g 
+ l o g  

+ l o g  
+1.g 
+1.g 



7.0 ANALYTICAL MODEL FOR PAYLOAD BAY DOOR 

The a n a l y t i c a l  model f o r  t h e  dynamic r e sponse  of t h e  payload bay  
door  i n c l u d e s  t h e  c a l c u l a t i o n  of  j o i n t  a c c e p t a n c e  f u n c t i o n s  
which d e s c r i b e  t h e  c o u p l i n g  between t h e  e x c i t a t i o n  f i e l d  and t h e  
s t r u c t u r e .  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  a v e r a g e  j o i n t  a c c e p t -  
a n c e  f u n c t i o n  f o r  p r o g r e s s i v e  wave e x c i t a t i o n .  This i s  d i s c u s s -  
ed  i n  S e c t i o n  4.2.3.1 of Volume I1 [l], where on t h e  basis of  
ground tes ts  on t h e  O V - 1 0 1  t e s t  v e h i c l e  (Volume I V  o f  [ l ] ) ,  t h e  

band a v e r a g e  j o i n t  accep tance  f u n c t i o n  < j 2  > i s  t a k e n  as t h e  
upper  enve lope  of  v a l u e s  c a l c u l a t e d  f o r  s t i f f e n e d  and 
u n s t i f f e n e d  door  s t r u c t u r e s .  

MN 

Comparisons between measured  and estimated sound l e v e l s  f o r  t h e  

payload  bay f o r  STS-1, STS-2 and  STS-3 [5-7] show t h a t  the  pre-  
d i c t e d  v a l u e s  are,  on t h e  ave rage ,  3.5 dB t o o  high a t  f r equen-  
c i e s  above 160 Hz. S ince  t h e  a n a l y t i c a l  model i n d i c a t e s  t h a t  
t h e  door  i s  the  dominant t r a n s m i s s i o n  pa th  it i s  a p p r o p r i a t e  t o  
modify t h e  j o i n t  a c c e p t a n c e  model f o r  t he  door .  The mod i f i ca -  
t i o n  p l a c e s  more emphasis  on t h e  u n s t i f f e n e d  door  c h a r a c t e r i s -  
t i c s ,  making t h e  model more c o n s i s t e n t  w i t h  t h a t  f o r  o t h e r  
s t r u c t u r a l  r e g i o n s  of t h e  payload bay. The modif ied j o i n t  
a c c e p t a n c e  spec t rum i s  shown i n  F i g u r e  2, where i t  is  compared 
wi th  t h e  model shown i n  F igu re  1 4  of Volume I1 [l]. 

8 

When the  r e v i s e d  door  j o i n t  accep tance  f u n c t i o n  i s  used f o r  t h e  

d o o r ,  t h e  p r e d i c t e d  space-average sound p r e s s u r e  l e v e l s  f o r  t h e  

pay load  bay show v e r y  good agreement w i t h  l i f t - o f f  data. Com- 
p a r i s o n s  f o r  STS-1, STS-2 and STS-3 are shown i n  F i g u r e s  3 
t h r o u g h  5. The f i g u r e s  a l s o  c o n t a i n  95% conf idence  l i m i t s  f o r  
t h e  STS-2 and STS-3 data  and 90% c o n f i d e n c e  l i m i t s  f o r  STS-1. 
( I n  t h e  l a t t e r  c a s e  95% conf idence  l i m i t s  were n o t  de t e rmined  
b e c a u s e  of t h e  ve ry  small number of data p o i n t s ) .  The r e v i s e d  
j o i n t  a c c e p t a n c e  f u n c t i o n  i s  now i n c o r p o r a t e d  i n t o  t h e  PACES 
computer  program. The change a f f e c t s  on ly  t he  h i g h  f r equency  
c a l c u l a t i o n s  i n  the  a n a l y s i s ,  s i n c e  t h e  low f r e q u e n c y  c a l c u l a -  
t i o n s  do n o t  u t i l i z e  <JAN>. 
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8.0 DISCUSSION 

The p r e c e d i n g  s e c t i o n s  have p r e s e n t e d  i n f o r m a t i o n  t o  t he  u s e r  of  
PACES i n  a f a i r l y  c o n c i s e  manner. Thus i t  is  u s e f u l  now t o  
d i s c u s s  c e r t a i n  aspects  of t h e  p r e d i c t i o n  p rocedure .  

Payload Bay Vents:- 

I n  p r i n c i p l e ,  t he  a n a l y t i c a l  model a s s o c i a t e d  wi th  PACES assumes 
t h a t  t h e  e i g h t  v e n t s  i n  the  sidewalls of t h e  payload bay are 
c l o s e d  a t  l i f t - o f f .  I n  p r a c t i c e ,  however, t he  PACES computer 
program computes space-average sound l e v e l s  f o r  t h e  payload bay 
w i t h  v e n t s  open. 

T h e r e  are  two r e a s o n s  f o r  making t h i s  a s s e r t i o n .  F i r s t l y ,  the  
a n a l y t i c a l  model c o n t a i n e d  i n  PACES has been mod i f i ed  s l i g h t l y ,  

as descr ibed i n  S e c t i o n  7 ,  s o  t h a t  there  i s  good agreement  
between measurements and p r e d i c t i o n s  f o r  STS-1 th rough  STS-3 
l i f t - o f f s .  S i n c e  t h e  payload bay  v e n t s  were open d u r i n g  t h o s e  
l i f t - o f f s ,  t h e  PACES computat ions i m p l i c i t l y  assume t h a t  t he  

v e n t s  are open. 

Secondly ,  a s i m p l i f i e d  a n a l y s i s  of n o i s e  t r a n s m i s s i o n  t h r o u g h  
t h e  v e n t s  was performed i n  [ 5 ] .  The a n a l y s i s  s u g g e s t e d  t h a t ,  a t  
f r e q u e n c i e s  below 400 Hz, opening t h e  v e n t s  would i n c r e a s e  t h e  

space-average  sound l e v e l s  i n  t he  payload b a y  by l e s s  t h a n  2 d B ,  

a l t h o u g h  as t h e  f r equency  i n c r e a s e d  above 400 Hz t h e  e f f e c t  
became la rger .  It was observed ,  however, t h a t  t h e  a c c u r a c y  of 
t he  p r e d i c t i o n s  was h ighly  s e n s i t i v e  t o  the  accuracy  with which 
t h e  e x t e r i o r  sound pressure l e v e l s  cou ld  be d e s c r i b e d  f o r  the  

v e n t  l o c a t i o n s .  Unfo r tuna te ly ,  these  e x t e r i o r  sound p r e s s u r e  
l e v e l s  c o u l d ,  i n  p r a c t i c e ,  be estimated on ly  approx ima te ly  
because  of t h e  absence  of microphones on t h e  mid- fuse lage  s i d e -  

wal l .  Fur thermore ,  t h e  ven t s  have a compl i ca t ed  geometry b e i n g  
composed of a box- l ike  c a v i t y  w i t h  a non-uniform d e p t h  and a 
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porous f i l t e r  f o r  t h e  t r a n s m i t t i n g  area. These f a c t o r s  cannot  
be modeled ve ry  a c c u r a t e l y .  Because of these u n c e r t a i n t i e s ,  and  
t h e  r e l a t i v e l y  small e f f e c t s  p r e d i c t e d  f o r  t he  v e n t s ,  t h e  i n f l u -  
ence  of  t he  v e n t s  was assumed t o  be n e g l i g i b l e  e x c e p t ,  perhaps ,  

f o r  payload  s u r f a c e s  which are c l o s e  t o  a n  open v e n t .  

Cpnfidence I n t e r v a l s : -  

The 95% conf idence  i n t e r v a l s  p r e s e n t e d  w i t h  t h e  PACES p r e d i c -  
t i o n s  f o r  v a r i o u s  subvolume space-average sound l e v e l s  were 
de termined  from s t a t i s t i c a l  s t u d i e s  of  a c o u s t i c  measurements 
made i n  t h e  o r b i t e r  payload  bay  d u r i n g  STS-1, STS-2 and STS-3 
l i f t - o f f s .  Hence t h e  conf idence  i n t e r v a l s  r e p r e s e n t  u n c e r t a i n -  
t i e s  due t o  p o s s i b l e  sampling e r r o r s  i n  t h e  a c o u s t i c  measure- 
ments  used t o  v e r i f y  the  PACES computer model as opposed t o  
d e r i v e d  e r r o r  estimates f o r  the a n a l y t i c a l  model i t s e l f .  S i n c e  
t h e  a n a l y t i c a l  model has been mod i f i ed  t o  p r o v i d e  r e l a t i v e l y  
c l o s e  agreement  w i th  t h e  space-average l e v e l s  measured on STS-1 
t h r o u g h  S T S - 3 ,  i t  i s  b e l i e v e d  t h a t  t h e  n o t e d  c o n f i d e n c e  
i n t e r v a l s  can  be used  as a f i r s t  o r d e r  estimate f o r  p o s s i b l e  
e r r o r s  i n  t h e  PACES p r e d i c t i o n s .  For  example,  t h e  upper  l i m i t  
o f  t h e  95% c o n f i d e n c e  i n t e r v a l  can be i n t e r p r e t e d  as an  upper  
bound on the  PACES space-average estimates i n  a g i v e n  subvolume 
f o r  d e s i g n  and t e s t  purposes .  

It s h o u l d  be emphasized t h a t  t h e  PACES p r e d i c t i o n s  wi th  
c o n f i d e n c e  i n t e r v a l s  app ly  only t o  t h e  space-average  l e v e l  i n  a 
g i v e n  subvolume and n o t  t o  t h e  a c o u s t i c  p r e s s u r e s  a t  i n d i v i d u a l  
l o c a t i o n s  w i t h i n  t h a t  subvolume. Ana lys i s  of t h e  data from 
STS-1 th rough  STS-3 has shown t h a t  t h e  a c o u s t i c  p r e s s u r e s  a t  
i n d i v i d u a l  l o c a t i o n s  i n  a n  e s s e n t i a l l y  empty bay may be s u b s t a n -  
t i a l l y  h i g h e r  o r  lower  t h a n  the  space-average  l e v e l ,  and f a l l  
w e l l  o u t s i d e  t h e  n o t e d  conf idence  i n t e r v a l s .  Th i s  i s  demon- 
s t ra ted  i n  F i g u r e s  6 and 7 t aken  from ["]. The two f i g u r e s  were 
d e r i v e d  from a n  a n a l y s i s  of  the  combined data  from STS-1 t h rough  
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FIGURE 7. SPACE-AVERAGE AND RANGE OF VALUES FOR hiEASURED 
SOUND PRESSURE LEVELS I N  PAYLOAD BAY A T  LIFT-OFF 
(STS-1, STS-2, AND STS-3) 
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STS-3. F i g u r e  6 shows t h e  space-average l e v e l  and the  95% 
c o n f i d e n c e  l i m i t s ,  whereas F igure  7 shows the  space-average  w i t h  
t h e  c o r r e s p o n d i n g  maximum and minimum v a l u e s .  T h i s  d i f f e r e n c e  
between t h e  95% conf idence  i n t e r v a l  and the  range of measured 
data  might  i n f l u e n c e  t h e  s e l e c t i o n  of  d e s i g n  c r i t e r i a  and/or  
t e s t  l e v e l s  f o r  s p e c i f i c  components of a payload .  

It shou ld  a l s o  be emphasized tha t  t h e  c o n f i d e n c e  i n t e r v a l s  
c o n t a i n e d  i n  PACES were der ived  from measurements i n  a n  empty ,  
o r  a lmos t  empty, payload  bay. The assumpt ion  i s  made i n  PACES 
t h a t  t h e  same c o n f i d e n c e  i n t e r v a l s  can be a p p l i e d  t o  subvolumes 
s u r r o u n d i n g  pay loads .  The v a l i d i t y  of t h i s  assumpt ion  can be 

j u s t i f i e d  by r e f e r e n c e  t o  Volume V o f  [l] which c o n t a i n s  an  
a n a l y s i s  of measurements from t h e  one -qua r t e r  s c a l e  model t e s t s .  
Confidence l i m i t s  c a l c u l a t e d  f o r  space-average  sound l e v e l s  i n  
subvolumes around model payloads  have v a l u e s  which are similar 
t o  t h o s e  measured f o r  STS-1 through STS-3. Thus i t  is  deemed 

a p p r o p r i a t e  t o  a p p l y  t h e  conf idence  l i m i t s  computed f o r  STS-1 
th rough  STS-3 t o  a l l  subvolumes i n  t h e  payload  bay.  

Modeling of Subvo1wnes:- 

One of  t he  more d i f f i c u l t  t asks  imposed on t h e  u s e r  i s  that  of 
model ing  the  s p a c e  around a g iven  payload .  Problems i n v o l v e d  
w i t h  t h e  model ing r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  d u r i n g  t h e  

development of t h e  PACES computer program and d i s c u s s i c n  can be 

found i n  Volumes 11, I11 and V of  [l] as well  as i n  [ 6 ]  and ["I.  
It i s  wor thwhi le ,  however, t o  r e i t e r a t e  some of the  more 
i m p o r t a n t  a s p e c t s  of  t h e  modeling p r o c e s s .  

The a n a l y t i c a l  model developed f o r  PACES e n v i s a g e s  t h e  s p a c e  
a round  a payload  i n  terms of  a g roup  of coupled  subvolumes 
e x c i t e d  by a number of d i f f e r e n t  s t r u c t u r a l  components. Idea l -  
l y ,  each  subvolume shou ld  be c a p a b l e  of s u p p o r t i n g  a s t a n d i n g  
wave s y s t e m ,  each boundary of a subvolume be ing  made up p a r t l y  
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of  a n  a b s o r b i n g  and r e f l e c t i n g  s u r f a c e  and p a r t l y  of a t r a n s m i t -  
t i n g  opening .  There shou ld  be  a n  a c t u a l ,  p h y s i c a l ,  r e f l e c t i n g  
s u r f a c e  on each  of t h e  s i x  boundar i e s  of each subvolume. Prob- 
lems a r i s e  where these c o n d i t i o n s  cannot  be m e t .  S ince  the  
model assumes t h a t  a l l  subvolumes ex tend  t h e  f u l l  w i d t h  of the  

payload  bay ,  f rom s idewall  t o  s idewa l l ,  boundary c o n d i t i o n  
problems are a s s o c i a t e d  w i t h  t h e  yz and xy p l a n e s  p e r p e n d i c u l a r  
t o  t h e  x- ( l o n g i t u d i n a l )  and z- ( v e r t i c a l )  axes ,  r e s p e c t i v e l y .  

Cons ider  f i r s t  t h e  xy p l ane .  The recommended approach  f o r  
model ing a subvolume around a payload  s e c t i o n  which p r o j e c t s  
on ly  a small area on the  xy p l ane  i s  t o  u t i l i z e  a s i n g l e  sub- 
volume s u r r o u n d i n g  t h e  payload s e c t i o n ,  w i t h  t h e  payload s e c t i o n  
r e p r e s e n t e d  as a sound-absorbing s u r f a c e  w i t h i n  t h e  subvolume. 
R e p r e s e n t a t i o n s  of  t h i s  t y p e  are shown as Subvolume 1 i n  
F i g u r e s  39 and 4 0  o f  Volume I1 [l]. 

The main problem ar ises  when c o n s i d e r i n g  t h e  yz p l a n e  pe rpend i -  
c u l a r  t o  t he  x - a x i s .  I n  t h i s  case i t  i s  p o s s i b l e  t h a t  t h e  u s e r  
w i l l  have no a l t e r n a t i v e  b u t  t o  s e l e c t  subvolumes which have no 
p h y s i c a l  s u r f a c e s  a t  t h e  forward o r  a f t  b o u n d a r i e s .  The o n l y  
l o n g i t u d i n a l  a c o u s t i c  modes which can be s e t  up i n  such  sub- 
volumes w i l l  be t h o s e  a s s o c i a t e d  w i t h  t he  change i n  impedance a t  
a n  area change. The u s e r  shou ld ,  however, make eve ry  e f f o r t  t o  
a v o i d  subvolumes o f  t h i s  type.  For example,  when t h e  payload  i s  
small, no a t t empt  s h o u l d  be made t o  form m u l t i p l e  subvolumes 
where these are  n o t  a p p r o p r i a t e .  PACES canno t  be used t o  
estimate the  s p a t i a l  v a r i a t i o n  of t he  payload  bay sound p r e s s u r e  
l e v e l  by a r b i t r a r i l y  d i v i d i n g  t h e  bay i n t o  s e v e r a l  subvolumes. 
I n  t h i s  example,  t he  payload bay  shou ld  be modeled as a s i n g l e  
subvolume c o n t a i n i n g  a non-bounding, sound-absorbing payload ,  as 
i s  shown i n  F i g u r e  38 o f  Volume I1 [l]. 

While some c r i t e r i o n  r e g a r d i n g  payload  volume as a p e r c e n t a g e  
( s a y  1 0 % )  of  t h e  t o t a l  bay volume cou ld  be used as a g u i d e l i n e  
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i n  d e c i d i n g  whether  o r  n o t  t o  s e l e c t  a s ingle-volume r e p r e s e n t a -  
t i o n ,  t h e  d e c i s i o n  on subvolume modeling shou ld  r ea l ly  depend on 
whether  o r  n o t  t h e  payload  occup ies  a s i g n i f i c a n t  f r a c t i o n  of 
t h e  payload  bay  c r o s s - s e c t i o n a l  area a t  some l o n g i t u d i n a l  
s t a t i o n ,  t h e r e b y  c o n s t i t u t i n g  a p h y s i c a l  r e f l e c t i n g  boundary. 

Given t h e  s e l e c t i o n  of a s i n g l e  volume s u r r o u n d i n g  a non-bound- 
i n g  pay load ,  any es t imate  of t h e  s p a t i a l  v a r i a t i o n  of sound 
p r e s s u r e  l e v e l  i n  t h e  payload bay  would have t o  be made on t h e  

basis of da t a  c o n t a i n e d  i n  [5]  t h rough  [ 7 ]  and i n  F i g u r e  7.  

The most d i f f i c u l t  r e p r e s e n t a t i o n  i s  t h a t  a s s o c i a t e d  w i t h  

a n n u l a r - t y p e  subvolumes, such as Subvolume 5 i n  F i g u r e  39 o r  
Subvolume 7 i n  F i g u r e  40 o f  Volume I1 [l], around la rge  diameter 
payload  s e c t i o n s .  S imi l a r  problems o c c u r  f o r  subvolumes benea th  
payload  pa l l e t s ,  b u t  t h e s e  r eg ions  are  u s u a l l y  l ess  c r i t i c a l  
t h a n  t h o s e  above pay loads  because most of t he  a c o u s t i c  power i s  
t r a n s m i t t e d  th rough  t h e  payload bay door s .  

PACES a l l o w s  three o p t i o n s  f o r  subvolumes of t h i s  t y p e .  The 
o p t i o n  i s  s p e c i f i e d  by t h e  use r  on Payload Card 3. Code 1 
i d e n t i f i e s  t h e  subvolume a s  be ing  r e g u l a r  and a c t i v e .  T h i s  i s  
t h e  code used f o r  most subvolumes. Code 2 spec i f i e s  the  
subvolumes as b e i n g  i n a c t i v e .  Such a subvolume a c t s  s o l e l y  as a 
t r a n s m i t t e r  of a c o u s t i c  power between subvolumes;  an  i n a c t i v e  
subvolume canno t  a c c e p t  a c o u s t i c  power from o u t s i d e  t h e  payload 
b a y .  F i n a l l y ,  Code 3 i d e n t i f i e s  a n  i r r e g u l a r ,  a c t i v e  subvolume. 
An i r r e g u l a r  subvolume a c c e p t s  a c o u s t i c  power form o u t s i d e  t h e  

o r b i t e r  b u t  o n l y  i n  f r equency  bands above ( b u t  n o t  i n c l u d i n g )  
t h e  band c o n t a i n i n g  t h e  l o w e s t  resonance  f r e q u e n c y  of t h e  sub- 
volume. The i r r e g u l a r ,  a c t i v e  subvolume i s  t h e  model recom- 
mended f o r  annu la r - type  subvolumes on t h e  basis of r e s u l t s  from 
t h e  one -qua r t e r  s c a l e  model t e s t s  (Volume V of [l]). 
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Even w i t h  these o p t i o n s  a v a i l a b l e  w i t h i n  PACES, t h e  u s e r  shou ld  
b e  a l e r t  t o  any large changes i n  p r e d i c t e d  sound l e v e l s  a t  low 
f r e q u e n c i e s  when a payload  i s  i n t r o d u c e d .  There are  two r e a s o n s  
why these large changes shou ld  be treated wi th  c a u t i o n .  F i r s t -  
l y ,  t he  model might  i n t r o d u c e  s t r o n g  subvolume a c o u s t i c  modes 
which c a n n o t ,  i n  p r a c t i c e ,  be suppor t ed  by open ends of a n  
a n n u l a r  subvolume. Secondly ,  t h e  model ing o f  t h e  payload  bay as 
a se r ies  of subvolumes w i l l  exc lude  from the model low f r equency  
modes of t he  empty bay. I n  p r a c t i c e  t h e  p r e s e n c e  of t h e  payload  
may i n t e r f e r e  w i t h ,  b u t  n o t  e l i m i n a t e ,  these  modes. It i s  
recommended t h a t ,  i f  t h e  u s e r  s u s p e c t s  t h a t  e i t h e r  of these 
e f f e c t s  i s  o c c u r r i n g  i n  t h e  low f r e q u e n c i e s ,  a d d i t i o n a l  computa- 
t i o n s  be performed w i t h  d i f f e r e n t  codes o r  d imens ions  f o r  t h e  
subvolumes, o r  w i t h  a d i f f e r e n t  s u b d i v i s i o n  of t h e  space  a round 
t h e  pay load ,  f o r  example a s i n g l e  subvolume w i t h  a non-bounding 
payload .  

F i n a l l y ,  i t  shou ld  be n o t e d  tha t  there  has n o t  y e t  been an  
o p p o r t u n i t y  t o  v a l i d a t e  PACES f o r  a payload bay  w i t h  payload  
unde r  a c t u a l  l a u n c h  c o n d i t i o n s .  The on ly  v a l i d a t i o n s  performed 
f o r  a c t u a l  l i f t - o f f  c o n d i t i o n s  have been f o r  payload bays  which 
are  e s s e n t i a l l y  empty. 
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