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SUMMARY 

This r e p o r t  i s  an index of t he  publ ished works from NASA Grant 

NSG 1301 , e n t i t l e d  "A  ekea arch Program t o    educe the I n t e r i o r  Noise 

i n  General Aviation Ai r c r a f t . "  Included a r e  a  l i s t  of a l l  publ ished 

r e p o r t s  and papers ,  a  compilat ion of t e s t  specimen c h a r a c t e r i s  t i c s ,  

and summaries of each publ ished work. 
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CHAPTER 1 

PROJECT-RELATH) PUBLICATIONS 

T h i s  c h a p t e r  l ists t h e  r e p o r t s  and p a p e r s  w r i t t e n  unde r  NASA 

G r a n t  NSG 1301/NASA C o n t r a c t  NCCI-6. 

1.1 REPORTS 

R e p o r t  No. Da te  

KU-FRL-317-1 March 
1977 

KU-FRL-317-2 J u n e  
1977 

KU-FRL-3 1 7- 3 August  
1977 

KU-FRL-317-4 August  
1977 

T i t l e  and Author  
No. of 
P a g e s  

"SEMI-ANNUAL PROGRESS REPORT" 
( d o c u m e n t a t i o n  of  r e s e a r c h  accom- 
p l i s h e d  A p r i l  15  ,'I 9 7 6 ,  t h rough  
F e b r u a r y  1 ,  1 9 7 7 ) ;  by T. P e s c h i e r  5 2 

PROGRESS REPORT, c o v e r i n g  p e r i o d  
March 1 ,  1977,  t o  J u n e  17 ,  1977;  
b y  T. P e s c h i e r ,  D. Andrews, & 

T. Henderson 3 6 

"DESIGN OF AN ACOUSTIC PANEL TEST 
FACILITY'; by T. Henderson 100 

"GENERAL AVIATION INTERIOR NOISE 
STUDY" ; by T. P e s c h i e r  158  

KU-FRL-317-5 O c t o b e r  PROGRESS REPORT, d e a l i n g  w i t h  
1977 i n f l u e n c e s  of  s t i f f n e s s ,  mass,  

p r e s s u r i z a t i o n ,  & v i b r a t i o n  
damping.  materials on p a n e l s ,  
a s  t e s t e d  i n  - t h e  KU-FRL t e s t  
f a c i l i t y ;  by T. P e s c h i e r ,  
D.  Durenbe rge r ,  K. van  D a m ,  
& Tzy-Chuan Shu 

KU-FRL-317-6 Janua ry  "EXPERIMENTAL AND THEORETICAL 
1978 SOUND TRANSMISSION THROUGH . 

AIRCRAFT PANELS I' ; 

b y  D. Durenbe rge r  



R e p o r t  N o .  D a t e  

K U - F R L - 3 1 7 - 7  M a r c h  
1 9 7 8  

K U - F R L - 3 1 7 - 8  A u g u s t  
1 9 7 8  

K U - F R L - 3 1 7 - 9  S e p t e m b e r  
1 9 7 8  

K U - F R L - 4 1 7 - 1 1  A u g u s t  
1 9 7 9  

KU-FRL-41 7 - 1  2 February  
1980 

K U - F R L - 4 1 7 - 1 5  February 
1 9 8 1  

T i t l e  and A u t h o r  
NO. of 
Pages 

" I N T E R I M  R E P O R T "  ( d e s c r i p t i o n ,  
eva lua t ion ,  & d i s c u s s i o n  of 
ce r ta in  e l e m e n t s  of the tes t  se t -  
up/procedure,  w i t h  suggest ions f o r  
a l t e r a t i o n s  i n  the e x p e r i m e n t a t i o n ) ;  
by F .  G r o s v e l d  2 4 

" N O I S E  R E D U C T I O N  THROUGH A 
CAVITY-BACKED F L E X I B L E  P L A T E " ;  
by C .  van D a m  1 0 0  

" I N V E S T I G A T I O N  O F  T H E  CHARACTER- 
I S T I C S  O F  AN A C O U S T I C  P A N E L  T E S T  
F A C I L I T Y " ;  by F. G r o s v e l d  & 

J. van Aken 

" T H E  E F F E C T  O F  O B L I Q U E  ANGLE OF 
SOUND I N C I D E N C E ,  R E A L I S T I C  EDGE 
C O N D I T I O N S ,  CURVATURE AND I N -  
P L A N E  P A N E L  S T R E S S E S  ON T H E  N O I S E  
R E D U C T I O N  C H A R A C T E R I S T I C S  O F  
GENERAL A V I A T I O N  T Y P E  P A N E L S "  ; 
by F .  G r o s v e l d ,  J. L a m g r i s ,  
and D. D u n n  1 1 8  

" A C O U S T I C  P L A N E  WAVES NORMALLY 
I N C I D E N T  ON A CLAMPED P A N E L  I N  
A RECTANGULAR DUCT";  by H. U n z  1 2 9  

" N O I S E  R E D U C T I O N  C H A R A C T E R I S T I C S  
O F  F L A T ,  GENERAL A V I A T I O N  T Y P E ,  
DUAL P A N E  WINDOWS"; by F. G r o s v e l d  
and R. N a v a n e e t h a n  6 4 

"STUDY O F  T Y P I C A L  PARAMETERS T H A T  
A F F E C T  SOUND T R A N S M I S S I O N  THROUGH 
GENERAL A V I A T I O N  A I R C R A F T  
STRUCTURES~~ ; by F. G r o s v e l d  534 

" A C O U S T I C  P L A N E  WAVES I N C I D E N T  ON 
AN O B L I Q U E  CLAMPED P A N E L  I N  A 
RECTANGULAR DUCT" ; by H. U n Z  136 

" N O I S E  R E D U C T I O N  C H A R A C T E R I S T I C S  
O F  MULTILAYERED PANELS"  ; by 
R. N a v a n e e t h a n  and M. W i l l i a m s  1 1  1 



R e p o r t  No. D a t e  

KU-FRL-417-16 May 
1 9 8 1  

KU-FRL-417-17 O c t o b e r  
1981  

KU-FRL-417-18 M a r c h  
1 9 8 2  

KU-FRL-417-19 D e c e m b e r  
1 9 8 2  

KU-FRL-417-20 J a n u a r y  
1 9 8 3  

KU-FRL-417-21 May 
1 9 8 3  

KU-FRL-417-22 D e c e m b e r  
1 9 8 3  

T i t l e  a n d  A u t h o r  
No. of 
P a g e s  

"STUDY OF NOISE REDUCTION CHARAC- 
TERISTICS OF MULTILAYERED PANELS 
AND DUAL PANE WINDOWS WITH 
HELMHOLTZ RESONATORS"; 
b y  R. N a v a n e e t h a n  1 7 5  

"INFLUENCE OF DEPRESSURIZATION AND 
DAMPING MATERIAL ON THE NOISE 
REDUCTION CHARACTERISTICS OF 
FLAT AND CURVED STIFFENED PANELS" ; 
by R. N a v a n e e t h a n ,  B. S t r e e t e r ,  
a n d  S. K o o n t z  308 

"STUDY OF NOISE REDUCTION CHARAC- 
TERISTICS OF COMPOSITE FIBER- 
REINFORCED PANELS, INTERIOR PANEL 
CONFIGURATIONS, AND THE APPLICATION 
OF THE TUNED DAMPER CONCEPT"; 
by J. L a r n g r i s ,  S. S t e v e n s o n ,  
a n d  B. S t r e e t e r  1 6 3  

"STUDY OF THE DAMPING CHARACTER- 
I S T I C S  OF GENERAL AVIATION AIRCRAFT 
PANELS AND DEVELOPMENT OF COMPUTER 
PROGRAMS TO CALCULATE THE EFFECTIVE- 
NESS OF INTERIOR NOISE CONTROL TREAT- 
MENT"; b y  R. N a v a n e e t h a n ,  J. H u n t ,  
a n d  B. Q u a y l e  11  2 

"USERIS  GUIDE TO MULTILAYER SOUND 
TRANSMISSION LOSS PROGRAM" ; 
b y  R. N a v a n e e t h a n  (FRL I n t e r n a l  
R e p o r t  5 3 

"STUDY OF-. NOISE REDUCTION CHARAC- 
T E ~ I S T I C S  OF DOUBLE-WALL PANELS" ; 
by R. N a v a n e e t h a n ,  B. Quayle, 
S.  S t e v e n s o n ,  a n d  M. Graham 1 7 9  

"MEASUREMENT OF TRANSMISSION LOSS 
CHARACTERISTICS USING ACOUSTIC 
INTENSITY TECHNIQUES AT THE KU-FRL 
ACOUSTIC TEST FACILITY" ; 
b y  R. N a v a n e e t h a n  a n d  B. Q u a y l e  1 2 4  

i 



R e p o r t  N o .  D a t e  T i t l e  and A u t h o r  

N o .  of 
Pages 

K U - F R L - 4 1 7 - 2 3  July "GENERAL A V I A T I O N  A I R C R A F T  I N T E R I O R  
1984 N O I S E  PROBLEM: SOME SUGGESTED 

S O L U T I O N S "  ; by R. N a v a n e e t h a n  491 



1 . 2  TECHNICAL PAPERS 

P a p e r  No. Date T i t l e  and  A u t h o r  

KU-FRL- 3 1 7-PI November "THE TRANSMISSION OF SOUND 
1977 THROUGH AIRCRAFT PANELS"; 

b y  D. D u r e n b e r g e r  a n d  
T. P e s c h i e r .  
AIAA i n f o r m a l  p a p e r  p r e s e n t e d  
a t  t h e  F o u r t h  Annua l  G e n e r a l  
A v i a t i o n  T e c h n o l o g y  F e s t ,  
W i c h i t a ,  K a n s a s ,  November 1 8- 1 9 ,  
1977 .  

KU-FRL-317-P2 A p r i l  " A  RESEARCH PROGRAM TO REDUCE THE 
1978  INTERIOR NOISE LEVEL I N  GENERAL 

AVIATION AIRPLANES'' ; 
b y  D. D u r e n b e r g e r ,  F. G r o s v e l d ,  
a n d  K. v a n  Dam. 
P a p e r  p r e s e n t e d  a t  NASA L a n g l e y  
R e s e a r c h  C e n t e r ,  A c o u s t i c s  a n d  
N o i s e  R e d u c t i o n  Div. , Hampton, 
V i r g i n i a ,  A p r i l  24,  1978 .  
P r e s e n t e d  a t  C e s s n a  A i r c r a f t  Co.,  
Pawnee D i v .  , W i c h i t a ,  K a n s a s ,  
A p r i l  1 8 ,  1978 .  

N o .  o f  
P a g e s  

KU-FRL-317-P3 A u g u s t  "SOME NOISE TRANSMISSION LOSS 
1978  CHARACTERISTICS OF TYPICAL GENERAL 

AVIATION STRUCTURAL MATERIALS"; 
b y  J. Roskam, C. v a n  D a m ,  
D. D u r e n b e r g e r ,  a n d  F. G r o s v e l d .  
AIAA p a p e r  78-1480,  p r e s e n t e d  a t  
t h e  A i r c r a f t  S y s t e m s  a n d  T e c h n o l o q y  
C o n f e r e n c e s ,  b s  A n g e l e s ,  C a l i f o r n i a  
A u g u s t  21-23, 1978.  
( O b t a i n  f rom AIAA. ) 

KU-FRL-317-P4 November "GENERAL AVIATION INTERIOR NOISE 
1978  RESEARCH" ; b y  F. G r o s v e l d .  

AIAA i n f o r m a l  p a p e r  p r e s e n t e d  a t  
t h e  F i f t h  Annua l  G e n e r a l  A v i a t i o n  
T e c h n o l o g y  F e s t ,  W i c h i t a ,  K a n s a s ,  
November 10-11,  1978. 2 3  



Paper  N o .  

KU-FRL-317-P5 

Date 

J a n u a r y  
1979 

Apr i 1 
1979 

J a n u a r y  
1980 

August  
1980 

T i t l e  and Author  

" A  RESEARCH PROGRAM TO REDUCE 
INTERIOR NOISE I N  GENERAL 
AVIATION AIRPLANES : APRIL 24, 
1978 - APRIL 30, 1979";  
by  F. Grosve ld .  
Pape r  p r e s e n t e d  a t  NASA 
Langley  Resea rch  C e n t e r ,  
J a n u a r y  15-16, 1979,  
Hampton, V i r g i n i a .  

"SUMMARY OF NOISE REDUCTION 
CHARACTERISTICS OF TYPICAL 
GENERAL AVIATION MATERIALS" ; 
by J. Roskam, F. G r o s v e l d ,  
and J. van Aken. 
S o c i e t y  of  Automotive m g i n e e r s  
p a p e r  790627, p r e s e n t e d  a t  t h e  
Bus ines s  A i r c r a f t  Meet ing ,  
W i c h i t a ,  Kansas ,  A p r i l  3-6,  1979 
( O b t a i n  from SAE.) 

I' STRUCTURAL PARAMETERS THAT 
INFLUENCE THE NOISE REDUCTION 
CHARACTERISTICS OF TYPICAL 
GENERAL AVIATION MATERIALS" ; 
by J. Roskam and F. Grosve ld .  
A I A A  p a p e r  80-0038, p r e s e n t e d  
a t  t h e  1 8 t h  Aerospace  S c i e n c e s  
Meet ing ,  Pasadena ,  C a l i f o r n i a ,  
J a n u a r y  14-1 6 ,  1980. 
( O b t a i n  from AIAA.  ) 

"NOISE REDUCTION CHARACTERISTICS 
OF GENERAL AVIATION TYPE DUAL PANE 
WINDOWS" ; by F. G r o s v e l d ,  
R. Navaneethan ,  and J. Roskam. 
AIAA p a p e r  80-1874, p r e s e n t e d  a t  
t h e  AIAA A i r c r a f t  Systems Meet ing ,  
Anaheim, C a l i f o r n i a ,  August  5-6, 
1980. ( o b t a i n  from AIAA. 1 

No. of  
Pages  



PaDer No. Date  T i t l e  and Author 
NO. of 
P a s e s  

KU-FRL-417-P9 May "A MICROCOMPUTER-BASED SYSTEM FOR 
1981 NOISE CHARACTERISTICS ANALYSIS"; 

b y  M. Mosser ,  D. Rummer, and 
R. Navaneethan.  ISMM p a p e r ,  
p r e s e n t e d  a t  Symposium on Mini 
and Microcomputers  i n  C o n t r o l  and  
Measurement, San F r a n c i s c o ,  C a l i f o r n i a ,  
May 20-22, 1981. ( O b t a i n  from ACTA 
P r e s s ,  P.O. Box 2481, Anaheim, CA, 
92804. ) 3 

KU-FRL-417-PI 0 A p r i l  "SUMMARY OF TYPICAL PARAMETERS 
1981 THAT AFFECT SOUND TRANSMISSION 

THROUGH GENERAL AVIATION AIRCRAFT 
STRUCTURES" ; by F. G r o s v e l d  , 
R. Navaneethan ,  and J. Roskam. 
SAE t e c h n i c a l  pape r  81 0562,  
p r e s e n t e d  a t  t h e  Bus ines s  A i r c r a f t  
Meeting & E x p o s i t i o n ,  W i c h i t a ,  
Kansas,  A p r i l  7-10, 1981. 
( O b t a i n  from SAE. 2 2 

KU-FRL-417-PI1 March "NOISE REDUCTION CHARACTERISTICS 
1983 OF GENERAL AVIATION TYPE DOUBLE 

WALL STRUCTURES" ; by B. QUayle. 
AIAA s t u d e n t  p a p e r ,  p r e s e n t e d  a t  
1983 A I A A  Region V S t u d e n t  
Conference .  
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CHAPTW 2 

SUMHARIES OF PUBLISHED WORKS 

This c h a p t e r  c o n t a i n s  a summary of each p r o j e c t - r e l a t e d  

p u b l i c a t i o n .  This  compi la t ion  of summaries is  meant t o  s e r v e  a s  a 

r e f e r e n c e  p o i n t  t o  t h e  o t h e r  p u b l i c a t i o n s  and w i l l  n o t  a t t e m p t  t o  

p r e s e n t  a l l  t h e  r e s u l t s  of t h e  r e s e a r c h  p r o j e c t .  .Those r e s u l t s  may 

be found i n  each of t h e  o t h e r  p u b l i c a t i o n s .  

2.1 SUMMARIES OF REPORTS 

"SEnI-ANNUAL PROGRESS REPORTm (documentation of r e s e a r c h  
accomplished A p r i l  15,  1976, through February 2, 1977 ; 
by T. Pesch ie r .  March 1977, 52 pgs. 

The purpose of t h i s  r e p o r t  i s ,  t o  document r e s e a r c h  

accomplished from A p r i l  15, 1976, through February 1, 1977, 

under t h e  funding of NASA Grant  NSG 1301. This  document 

t h e r e f o r e  has  t h e  c h a r a c t e r  of a p r o g r e s s  r e p o r t ,  whi le  a f i n a l  

r e p o r t  w i l l  be submi t t ed  i n  A p r i l  1977. 

The p r o p o s a l  f o r  t h i s  r e s e a r c h  program s t a t e s  t h a t  t h e  

o b j e c t i v e  of t h i s  program was t o  deve lop  an e f f e c t i v e  and 

competent r e s e a r c h  team a t  t h e  U n i v e r s i t y  of Kansas i n  t h e  a r e a  

of g e n e r a l  a v i a t i o n  i n t e r i o r  ( c a b i n )  no i se . '  Th i s  would be a 

p r e p a r a t i o n  f o r  a long-range follow-up r e s e a r c h  program i n  b o t h  

i n t e r i o r  and e x t e r i o r  no i se .  



I The d e f i n i t i o n  of t h i s  follow-up program was t o  be one of 

the  major t a s k s  t o  be performed under NSG 1301, a long with t h e  

fol lowing a c t i v i t i e s ,  which were a l s o  intended a s  d e s i r a b l e  

p repa ra t i ons :  

I .  Fami l i a r i za t i on  with i n t e r i o r  no ise  s t a t e  of t he  a r t ;  

I 2. D e t a i l  design of an on-board i n t e r i o r  no ise  measuring 

and record ing  system; 

I 3. Development of i n - f l i g h t  procedures f o r  u t i l i z i n g  and 

of ground procedures f o r  analyzing and i n t e r p r e t i n g  

t h e  da ta .  

I Although both i n t e r i o f  and e x t e r i o r  noise  were mentioned 

i n  t he  proposa l  a s  research  a r ea s  t o  be explored under NSG 

1301, t he  emphasis was s h i f t e d  t o  i n t e r i o r  noise .  

In an e a r l y  s t a g e  of t he  r e sea rch  program, however, some 

very va luable  p r a c t i c a l  experience was obtained a s  a  r e s u l t  of 

e x t e r i o r  no ise  a c t i v i t i e s ,  while r e l a t e d  a n a l y t i c a l  s t u d i e s  

r e s u l t e d  i n  a  b e t t e r  understanding of c h a r a c t e r i s t i c s  of 

I gene ra l  a v i a t i o n  noise  sources .  

'PROGRESS REPORT, COVERING PERIOD MARCH 1 ,  1977, to JIJNE 17, 1977"; 
by T. Peschie r ,  D. Andrews, and T. Henderson. June 1977, 36 pages. 

This  r e p o r t  cont inues  the documentation of the  follow-up 

i n t e r i o r  no ise  research  program which was accepted by NASA i n  

Apr i l  1977. The cons t ruc t ion  of the a c o u s t i c  test f a c i l i t y  ( a  

plane-wave tube)  was i n i t i a t e d ,  and a  d e s c r i p t i o n  of t h i s  

f a c i l i t y  is given. 
9 



Manufacturers of sound reduc t ion  t reatments  ( i . e . ,  panel  

v i b r a t i o n  damping and absorp t ive  m a t e r i a l s )  were contacted 

about  the ex i s t ence  and a v a i l a b i l i t y  of ma te r i a l s  s u i t a b l e  f o r  

l igh tweight  a i r c r a f t  s t r u c t u r e s .  Information with r e s p e c t  t o  

these  a c t i v i t i e s  is  documented wi th in  t he  r epo r t .  

A l a rge  po r t i on  of the  a c t i v i t i e s  was dedica ted  t o  

s tudying  the  relevance of KU-FRL t e s t  r e s u l t s  i n  p red i c t i ng  

( t h e o r e t i c a l l y  o r  semi-empir ical ly)  i n t e r i o r  no ise  l e v e l s  i n  

gene ra l  a v i a t i o n  a i r c r a f t .  I t  was decided t o  make a  few 

add i t i ons  t o  t he  program a s  descr ibed  i n  t he  NASA proposal of 

March 1977. These a d d i t i o n s  a r e  

1 .  To use t h r ee  ( i n s t e a d  of two) noise  sources  i n  t he  

plane-wave tube t o  eva lua t e  t he  i n f luence  of 

e x c i t a t i o n  spectrum on panel  response. The th r ee  

sources  w i l l  be a )  white no ise ,  b )  pure harmonic 

sound (of v a r i a b l e  f requency)  and c )  a c t u a l  genera l  

a v i a t i o n  fu se l age  panel  e x c i t a t i o n s  ( a s  measured i n  

f l i g h t ) .  

2.  To use t h e o r e t i c a l  and experimental  da ta  obtained i n  

t he  course of t he  p r o j e c t  t o  develop more e f f i c i e n t  

no i se  reduc t ion  m a t e r i a l s  ( o r  procedures t o  apply 

t h e s e ) ,  o r  t o  develop gu ide l ines  f o r  t he  design of 

such m a t e r i a l s  f o r  procedures.  



The r e l i a b i l i t y  of t h i s  f a c i l i t y  and examples of d a t a  

ga thered  us ing  t h i s  system a r e  a l s o  inc luded .  The t e s t  r e s u l t s  

a r e  compared t o  p e r t i n e n t  a c o u s t i c a l  t h e o r i e s  f o r  pane l  

bahav ior ,  and t h e  minor anomal ies  i n  t h e  d a t a  a r e  a l s o  

d i s c u s s e d .  A new method f o r  p r e d i c t i n g  pane l  behavior  i n  t h e  

s t i f f n e s s  reg ion  i s  a l s o  p resen ted .  

"GENERAL AVIATION INTWIOR NOISE STUDYm; by T. ~ e s c h i e r .  August 
1977, 158 pages.  

Th is  r e p o r t  p r e s e n t s  t h e  o r g a n i z a t i o n  and work completed 

under a  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion-funded 

r e s e a r c h  p r o j e c t  t o  s t u d y  t h e  t r a n s m i s s i o n  of sound through 

g e n e r a l  a v i a t i o n  a i r p l a n e  s t r u c t u r e s .  Also r e p o r t e d  a r e  

d e s c r i p t i o n s  and d i s c u s s i o n s  of t h e  t e s t i n g  equipment and 

procedures  of t h e  p r o j e c t  and of r e l e v a n t  a n a l y s i s  and 

p r e d i c t i o n  methods. In  a d d i t i o n ,  a  d e s c r i p t i o n  is included of 

t h e  exposure  of g e n e r a l  a v i a t i o n  passengers  t o  n o i s e  and of 

i m p o r t a n t  n o i s e  s o u r c e s  and r e c e i v i n g  space ( i . e . ,  c a b i n )  

e f f e c t s .  

The p r o j e c t  is  t h e  second of two c o n s e c u t i v e  phases  of a 

r e s e a r c h  program, t h e  broad g o a l  of which i s  t o  reduce i n t e r i o r  

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

f i r s t  program phase was t o  deve lop  an e f f e c t i v e  and competent 

n o i s e  r e s e a r c h  team a t .  t h e  U n i v e r s i t y  of Kansas. Th i s  phase 



was in tended  a s  one of t h e  p r e p a r a t i o n s  f o r  t h e  second phase ,  a 

long-range follow-up r e s e a r c h  p r o j e c t .  During t h e  l a s t  p a r t  of 

phase one and t h e  f i r s t  p a r t  of phase two, many o t h e r  

p r e p a r a t i o n s  were made i n c l u d i n g  t h e  d e s i g n ,  c o n s t r u c t i o n  , and 

c a l i b r a t i o n  of a t e s t  f a c i l i t y ,  purchas ing  of equipment,  

development of t e s t i n g  and d a t a  r e d u c t i o n  p rocedures ,  and t h e  

s t u d y  of p e r t i n e n t  l i t e r a t u r e .  I t  is t h i s  p e r i o d  of 

p r e p a r a t i o n  t h a t  is  covered i n  t h i s  r e p o r t  (February 1977 

through t h e  middle of August 1977),. 

PROGRESS REPORT, d e a l i n g  wi th  i n f l u e n c e s  of s t i f f n e s s ,  mass, 
p r e s s u r i z a t i o n ,  and v i b r a t i o n  damping m a t e r i a l s  on p a n e l s ,  a s  t e s t e d  
i n  t h e  KU-FRL t e s t  f a c i l i t y ;  
by T. P e s c h i e r ,  D. Durenberger,  K. van Dam, and hy-Chuan Shu. 
October 1977, 75 pages. 

The o b j e c t i v e  of t h i s  NASA-sponsored KU-FRL n o i s e  p r o j e c t  

(NSG 1301 is  t o  i n v e s t i g a t e  e x p e r i m e n t a l l y  and a n a l y t i c a l l y  

t h e  t r a n s m i s s i o n  of sound through i s o l a t e d  pane l s .  The purpose 

of t h i s  r e p o r t  is  t o  g i v e  t h e  f i r s t  test r e s u l t s  of t h e  p a n e l s  

t e s t e d  up t o  mid-September . 
I n  t h e  month of August t h e  KU-FRL n o i s e  r e s e a r c h  team 

completed t h e  c o n s t r u c t i o n  and t h e  c a l i b r a t i o n  of t h e  t e s t  

f a c i l i t y  and s t a r t e d  t e s t i n g  f l a t  pane l s .  During t h i s  t ime t h e  

team a l s o  con t inued  p r e d i c t i o n s  of behavior  of t h e  p a n e l s  

accord ing  t o  p e r t i n e n t  a n a l y t i c a l  methods. The f i r s t  r e s u l t s  

have p e r m i t t e d  improvement of semi-empir ical  methods o f  

p r e d i c t i n g  p a n e l  t r a n s m i s s i o n  l o s s .  



In  t h i s  r e p o r t  the in f luence  of s t i f f n e s s  and mass of the  

p l a t e  w i l l  be discussed.  Also the  e f f e c t  of p r e s s u r i z a t i o n  and 

t h e  usefu lness  of damping ma te r i a l s  w i l l  be descr ibed.  

Beech, Cessna, and Grumman American A i r c r a f t  Corporat ions 

provided most of the  pane ls ,  and some of t he  panel  t rea tments ,  

t e s t e d  f o r  t h i s  r epo r t .  Insul-Coust ics  Corporation and 

S p e c i a l t y  Composites Corporation provided some of the  v ib ra t i on  

damping m a t e r i a l s  t e s t e d .  

"EXPWIMENTAL AND THEORETICAL SOUND TRANSMISSION THROUGH AIRCRAFT 
PANELSn; by D. Durenberger. January 1978, 158 pages. 

This r e p o r t  de sc r ibes  t he  work performed under a  Nat ional  

Aeronautics and Space Adminis t r a  t ion-f  unded research  p r o j e c t  on 

a i r c r a f  t - o r i en t ed  acous t i c s .  

The more important  r e c e n t  events  a r e  presented.  These 

inc lude  a  d e s c r i p t i o n  of p r o j e c t  opera t ion ,  expansions i n  

t e s t i n g  c a p a b i l i t i e s ,  and the  p r i n c i p a l  f i nd ings  s i n c e  the 

previous r e p o r t s  were publ ished.  

Equipment f o r  t e s t i n g  panels  a t  non-normal incidence t o  

sound is  a  noteworthy add i t i on  t o  t he  f a c i l i t y .  This  

c a p a b i l i t y  i s  expected to y i e l d  u s e f u l  d a t a  which i s  otherwise 

very d i f f i c u l t  t o  ob t a in ,  e i t h e r  t h e o r e t i c a l l y  o r  

experimental ly .  



Recent advances made by t h e  p r o j e c t  team a r e  expected t o  

ve ry  s i g n i f i c a n t l y  improve t h e  unders tand ing  and a p p l i c a b i l i t y  

of t h e  t e s t  d a t a  which have been and w i l l  be ob ta ined .  The 

i n f l u e n c e  of i n d i v i d u a l  t e s t  f a c i l i t i e s  n e a r l y  always " c o l o r s "  

t h e  d a t a  acqu i red .  When t h e  phenomena r e s p o n s i b l e  a r e  

unders tood,  t e s t  d a t a  can be a p p l i e d  much more i n t e l l i g e n t l y  

than  o t h e r w i s e  p o s s i b l e .  

A compendium of r e c e n t  t e s t  d a t a  on pane l s  wi th  h o l e s ,  on 

honeycomb p a n e l s ,  and on v a r i o u s  p a n e l  t r e a t m e n t s  i s  a l s o  

provided.  

.IN!l'ERIU REPORT" ( d e s c r i p t i o n ,  e v a l u a t i o n ,  and d i s c u s s i o n  of c e r t a i n  
e lements  of t h e  test se t -up/procedure  , w i t h  s u g g e s t i o n s  f o r  
a l t e r a t i o n s  i n  t h e  e x p e r i m e n t a t i o n ) ;  by F. Grosveld.  
March 1978, 24 pages.  

Th i s  r e p o r t  e v a l u a t e s  t h e  r e s e a r c h  r e g a r d i n g  g e n e r a l  

I a v i a t i o n  a i r c r a f t  n o i s e  which was completed d u r i n g  t h e  p e r i o d  

of January 16 through March 12,  1978. Some a c t u a l  problem 

a r e a s  have been denoted,  and p o s s i b l e  a l t e r a t i o n s  and a l t e r n a t e  

methods a r e  i n d i c a t e d .  S ince  i t - i s  imposs ib le  to oversee  a l l  

t h e  d i f f i c u l t i e s  and compl ica t ions  of a long-term e f f o r t  w i t h i n  

I a p e r i o d  of seven weeks, t h i s  r e p o r t  should  be seen a s  an 

e v a l u a t i o n  of t h e  n o i s e  p r o j e c t  and a  s u b j e c t  f o r  d i s c u s s i o n .  



'NOISE REDUCTION TBROUGH A CAVITY-BACKED FLEXIBLE PLATEm; 
by C. van Dam. August 1978, 100 pages. 

A p r e d i c t i o n  method is  found f o r  the  noise  reduct ion 

through a cavity-backed panel.  The a n a l y s i s  t akes  i n t o  account 

on ly  c a v i t y  modes i n  one d i r e c t i o n .  The r e s u l t s  of t h i s  

a n a l y s i s  a r e  used t o  f i nd  the  e f f e c t  of a c o u s t i c  s t i f f n e s s  of a 

backing c a v i t y  on the  panel  behavior.  The r e s u l t i n g  changes i n  

the no ise  reduc t ion  through the  panel  a r e  s i g n i f i c a n t .  The. 

r e s u l t s  of t h i s  a n a l y s i s  show good agreement with the  r e s u l t s  

of t he  method of Guy and Bhattacharya. The agreement with 

experimental  r e s u l t s  obtained with t he  test f a c i l i t y ,  however, 

is  poor. 

 TIGA GAT ION OF TEiE CElAFtACTERISTICS OF AN ACOUSTIC PANEL TEST 
FACILITYn; by F. Grosveld and J. van Aken. September 1978, 
150 pages. 

C h a r a c t e r i s t i c s  of the  test  f a c i l i t y ,  a s  used by the  noise  

research  team of the  Univers i ty  of Kansas, have been 

inves t i ga t ed .  The purpose of these  i n v e s t i g a t i o n s  was to 

determine the  e f f e c t s  on the  sound p re s su re  l e v e l  i n  the  t e s t  

f a c i l i t y ,  caused by varying a )  microphone p o s i t i o n s ,  b )  

e q u a l i z e r  s e t t i n g ,  and c)  panel clamping fo rces .  Measurements 

have been done using a "Beranek tube" o r  t h i s  Beranek tube i n  

combinations with an "extension tube" and a " s p e c i a l  t e s t  

s ec t i on . "  (This  s p e c i a l  test s e c t i o n  was designed - t o  be used 



f o r  sound t r a n s m i s s i o n  t e s t s  wi th  an a n g l e  of i n c i d e n c e  between 

sound and pane l  o t h e r  than 90°. 1 In  a l l  con£ i g u r a t i o n s ,  t e s t s  

have been executed w i t h  and w i t h o u t  a test pane l  i n s t a l l e d .  

F i n a l l y ,  t h e  i n f l u e n c e  of t h e  speaker  back pane l  and t h e  

back pane l  of t h e  Beranek tube  on t h e  sound p r e s s u r e  l e v e l s  

i n s i d e  t h e  t e s t  tube have been i n v e s t i g a t e d .  

KU-FRL-417-10 

"TEE EFFECT OF OBLIQUE ANGLE OF SOUND INCIDENCE, REALISTIC m E  
CONDITIONS, CURVATURE AND IN-PLANE PANEL STRESSES ON THE NOISE 
REDUCTION CFIARACTERISTICS OF GENERAL AVIATION TYPE PANELSm; 
by F. Grosveld,  J. ~ a m g r i s ,  and D. Dunn. J u l y  1979, 11  8 pages.  

Experiments have been conducted i n  t h e  KU-FRL a c o u s t i c  

t e s t  f a c i l i t y  t o  i n v e s t i g a t e  t h e  e f f e c t  of an o b l i q u e  ang le  of 

sound i n c i d e n c e ,  r e a l i s t i c  edge c o n d i t i o n s ,  c u r v a t u r e ,  and i n -  

p lane  s t r e s s e s  on t h e  n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of 

g e n e r a l  a v i a t i o n  type pane l s .  A t h e o r e t i c a l  a n a l y s i s  of the  

e f f e c t  of an o b l i q u e  a n g l e  of sound i n c i d e n c e  i s  given i n  t h e  

f i r s t  s e c t i o n ,  whi le  i n  . t h e  second s e c t i o n  t h i s  a n a l y s i s  i s  

compared wi th  t h e  exper imenta l  r e s u l t s .  The des ign  and 

c o n s t r u c t i o n  of s p e c i a l  test d e v i c e s  a r e  a l s o  d e s c r i b e d .  These 

s p e c i a l  t e s t  d e v i c e s  a r e  used t o  de te rmine  t h e  e f f e c t  of 

c u r v a t u r e  and r i v e t e d  o r  bonded edge c o n d i t i o n s .  The c u r v a t u r e  

e f f e c t  on t h e  n o i s e  r e d u c t i o n  is analyzed t h e o r e t i c a l l y  and t h e  

exper imenta l  r e s u l t s  a r e  compared. The d e s i g n  and c o n s t r u c t i o n  

of a  t e n s i o n  d e v i c e  is  a l s o  covered.  Using t h i s  t e n s i o n  

d e v i c e ,  u n i a x i a l  and b i a x i a l  stresses can be a p p l i e d  to  a  test  



pane l .  I n i t i a l  no i se  r e d u c t i o n  r e s u l t s  f o r  a  pane l  under 

u n i a x i a l  s t r e s s  a r e  d i s c u s s e d ,  and f i n a l l y  t h e  main c o n c l u s i o n s  

and recommendations conclude t h i s  r e p o r t .  

It appears  t h a t  a  c a v i t y  a c t s  a s  a  s t i f f e n e r  t o  t h e  

panel .  The fundamental  p a n e l / c a v i t y  resonance f requency i s  

h i g h e r  than  t h a t  of a  f r e e  v i b r a t i n g  p a n e l  t h a t  i s  n o t  backed 

by a  c a v i t y .  An i n c r e a s e  i n  s t i f f n e s s  r a i s e s  t h e  fundamental  

resonance f requency,  whi le  adding mass causes  t h e  r e v e r s e  

e f f e c t .  These c o n s i d e r a t i o n s  a r e  t h e  b a s i s  f o r  t h e  a n a l y s i s  

g iven i n  t h i s  r e p o r t .  

"ACOUSTIC PLANE WAVES NORMALLY INCIDENT ON. A CLAMPED PANEL IN A 
RECTANGTJLAR DUCT'; by H. Unz. August 1979, 129 pages. 

This  r e p o r t  e x p l a i n s  t h e  use  of b a s i c  t h e o r e t i c a l  concep t s  

t o  deve lop  t h e  t h e o r y  of a c o u s t i c  p lane  waves normal ly  i n c i d e n t  

on a  clamped pane l  i n  a  r e c t a n g u l a r  d u c t .  The. coup l ing  theory  

between t h e  e l a s t i c  v i b r a t i o n s  of t h e  pane l  ( p l a t e )  and t h e  

a c o u s t i c  wave p ropaga t ion  i n  i n f i n i t e  space  and i n  t h e  

r e c t a n g u l a r  d u c t  i s  cons idered  i n  d e t a i l .  The p a r t i a l  

d i f f e r e n t i a l  e q u a t i o n  which governs t h e  v i b r a t i o n  of t h e  p a n e l  

( p l a t e )  i s  modif ied by adding t o  it s t i f f n e s s  ( s p r i n g )  f o r c e s  

and damping f o r c e s ,  and t h e  fundamental  resonance f rquency f, 

and t h e  a t t e n u a t i o n  f a c t o r  a a r e  d i s c u s s e d  i n  d e t a i l .  

The n o i s e  r e d u c t i o n  e x p r e s s i o n  based on t h e  p r e s e n t  t h e o r y  

i s  found t o  a g r e e  w e l l  wi th  t h e  cor responding  exper imenta l  d a t a  



of a  sample aluminum pane l  i n  t h e  mass -con t ro l l ed  r e g i o n  

( f  > f o ) ,  t h e  damping-control led  r e g i o n  ( f  - f o )  , and t h e  

s t i f  f n e s s - c o n t r o l l e d  r e g i o n  (f < f o )  . A l l  t h e  f requency  

p o s i t i o n s  of t h e  upward and downward resonance s p i k e s  i n  t h e  

sample exper imenta l  d a t a  a r e  i d e n t i f i e d  t h e o r e t i c a l l y  a s  

r e s u l t i n g  from f o u r  c r o s s  i n t e r a c t i n g  major resonance  

phenomena: t h e  c a v i t y  resonance ,  t h e  a c o u s t i c  resonance,  t h e  

p l a t e  resonance,  and t h e  wooden back p a n e l  resonance.  D e t a i l e d  

t a b l e s  a r e  g iven  f o r  t h e  va lues  of t h e s e  resonance f r e q u e n c i e s  

i n  each case .  

.NOISE REDUCTION CRARACTWISTICS OF FLAT, GENERAL AVIATION TYPE, 
DUAL PANE WINDOWS"; by F. Grosveld and R. Navaneethan. 
February 1980, 64 pages .  

Th i s  r e p o r t  d e s c r i b e s  t h e  work c a r r i e d  o u t  t o  i n v e s t i g a t e  

n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of g e n e r a l - a v i a t i o n - t y p e ,  d u a l  

pane windows i n  v a r i o u s  c o n f i g u r a t i o n s .  The e f f e c t s  of i n n e r  

and o u t e r  pane t h i c k n e s s ,  d i s t a n c e  between t h e  two p a n e l s ,  edge 

c o n d i t i o n s ,  i n c l i n a t i o n  of t h e  i n n e r  pane,  and d e p r e s s u r i z a t i o n  

of t h e  a i r  i n  between t h e  panes a r e  i n v e s t i g a t e d .  

The e x p e r i m e n t a l  s t u d y  was conducted o n . P l e x i g l a s  windows 

backed by a  c l o s e d ,  r i g i d ,  f i b e r g l a s s - f i l l e d  c a v i t y .  The 

f requency  r e g i o n  of i n t e r e s t  ex tends  from 20 Hz t o  5000 Hz. 

The sound-exposed a r e a  of t h e  d u a l  pane windows has  dimensions  

of 15  x 15 i n c h e s .  R e s u l t s  show t h e  b e n e f i c i a l  e f f e c t s  of 



th ickening  the  panes,  " f l o a t i n g "  edge cond i t i ons ,  and 

dep re s su r i za t i on ,  with c o n s t r a i n t s  s u b j e c t  t o  a  c e r t a i n  

frequency region.  It i s  concluded t h a t  the concept of 

dep re s su r i za t i on  of t he  a i r  between t h i n  (1/8 i n c h )  P l ex ig l a s  

pane l  and a p p l i c a t i o n  of multiple-freedom edge condi t ions  f o r  

t he  inner  pane can lead  t o  promising r e s u l t s .  A t rade-off  

s tudy  t o  combine the  b e n e f i c i a l  parameters i s  recommended. 

'STUDY OF TYPICAL PARAMETERS THAT AFFECT SOCJND TRAWSHISSION THROUGH 
GENERAL AVIATION AIRCRAFT STROC-"; by F. Grosveld. 
~ u g u s t  1980, 534 pages. 

S tud i e s  have ind i ca t ed  t h a t  i n t e r i o r  noise  l e v e l s  i n  

genera l  a v i a t i o n  a i r c r a f t  a r e  gene ra l l y  high and annoying, 

d e s p i t e  the use of a c o u s t i c a l  t rea tments .  The degree of 

i n t e r i o r  no ise  depends l a r g e l y  upon sound t ransmiss ion  through 

the  i n d i v i d u a l  panel-type s t r u c t u r e s  of t he  fu se l age  

s idewal l .  In t h i s  r e p o r t  the  oganiza t ion  of and work completed 

f o r  an ongoing gene ra l  a v i a t i o n  i n t e r i o r  noise  research  p r o j e c t  

i s  presented.  Experimental r e s u l t s  of t y p i c a l  parameters t h a t  

a f f e c t  t he  no ise  reduc t ion  c h a r a c t e r i s t i c s  of panel-type 

s t r u c t u r e s  a r e  discussed.  These parameters inc lude  pane l  type ,  

' t h i c k n e s s ,  cu rva tu re ,  and edge condi t ions ;  in-plane s t r e s s e s ;  

dep re s su r i za t i on ;  damping; sound-absorbing and s t i f f e n i n g  

t r ea tmen t s ;  dual-pane window s t r u c t u r e s ;  and obl ique  angles  of 

sound incidence.  The noise  reduc t ion  measurements a r e  



conducted i n  a  low-cost a c o u s t i c  p i n e l  t e s t  f a c i l i t y ,  t h e  

c o n f i g u r a t i o n  and c h a r a c t e r i s t i c s  of which a r e  d e s c r i b e d .  The 

e f f e c t s  of t h e  c a v i t i e s  on both  s i d e s  of t h e  t e s t  specimen a r e  

d i s c u s s e d .  Exper imental  r e s u l t s  a r e  found t o  be comparable 

w i t h  p e r t i n e n t  a n a l y t i c a l  p r e d i c t i o n s .  A microcomputer d a t a  

a c q u i s i t i o n  system, i n c o r p o r a t e d  i n  t h e  e l e c t r o n i c  equipment,  

is d i s c u s s e d ;  and program in format ion  is  inc luded .  A 

s i g n i f i c a n t  d a t a  base  d e s c r i b i n g  t h e  e f f e c t  of t h e  par,arneters 

i n v e s t i g a t e d  i s  p r e s e n t e d .  R e s u l t s  i n d i c a t e  t h a t  

d e p r e s s u r i z a t i o n  and high s t i f f n e s s - t o - m a s s  m a t e r i a l s  

c o n s i d e r a b l y  r a i s e  t h e  n o i s e  r e d u c t i o n  below t h e  fundamental  

p a n e l / c a v i t y  resonance f requency.  I t  i s  concluded t h a t  t r a d e -  

o f f  s t u d i e s  i n c o r p o r a t i n g  t h e  a p p l i c a b l e  c o n f l i c t i n g  parameters  

a r e  needed t o  o p t i m i z e  t h e  a c o u s t i c  d e s i g n  of a  g e n e r a l  

a v i a t i o n  a i r c r a f t  s t r u c t u r e .  

"ACOUSTIC PLANE WAVES INCIDENT ON AN OBLIQUE CLAKPED PANEL I N  A 
RECTANGULAR W C T m ;  by H. UnZ. August 1980, 136 pages. 

Th is  r e p o r t  e x p l a i n s  t h e  use- of b a s i c  t h e o r e t i c a l  concep t s  

t o  deve lop  t h e  t h e o r y  of a c o u s t i c  p lane  waves i n c i d e n t  on an  

o b l i q u e  clamped p a n e l  i n  a  r e c t a n g u l a r  duc t .  The coup l ing  

t h e o r y  between t h e  e l a s t i c  v i b r a t i o n s  of t h e  pane l  ( p l a t e )  and 

t h e  o b l i q u e  i n c i d e n t  a c o u s t i c  p lane  wave i n  i n f i n i t e  space i s  

cons idered  i n  d e t a i l  and i s  used f o r  t h e  o b l i q u e  clamped p a n e l  

i n  t h e  r e c t a n g u l a r  d u c t .  m e  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  



which governs the v ib ra t ions  of the clamped panel ( p l a t e )  is  

modified by adding t o  it s t i f f n e s s  ( s p r i n g )  forces ,  and damping 

forces .  The t ransmission l o s s  c o e f f i c i e n t  and the noise 

reduct ion c o e f f i c i e n t  f o r  obl ique incidence a r e  def ined and 

derived i n  d e t a i l .  The resonance frequencies  exc i t ed  by the 

f r e e  v ib ra t ions  of the  obl ique f i n i t e  clamped panel  ( p l a t e )  a r e  

der ived  and ca l cu la t ed  i n  d e t a i l  f o r  the  p re sen t  case.  

The d e t a i l e d  f e a t u r e s  and the  o s c i l l a t o r y  t rends  of t he  

experimental noise reduct ion c o e f f i c i e n t  curves f o r  oblique 

aluminum panels  of angles  8 = 15O, 30°, 40°, 60° i n  the square 

duc t  a r e  explained i n  d e t a i l ,  based on the theory presented i n  

t h i s  r epo r t .  A l l  the  frequency pos i t i ons  of the downward and 

upward resonance sp ikes  i n  the experimental da t a  a r e  i d e n t i f i e d  

t h e o r e t i c a l l y  a s  r e s u l t i n g  from four  major resonance 

I phenomena : the  c a v i t y  resonance, the acous t i c  resonance, the 

wooden back panel resonance, and the  p l a t e  resonance. Detai led 

t a b l e s  a r e  given f o r  the values of these  resonance frequencies  

i n  each case.  

- 

I KU-FRL-417-15 

=NOISE REDUCTION CHARACTERISTICS OF HULTIIAYERED PANELS"; 

I by R. Navaneethan and M. Williams. February 1981, 1 1  1 pages. 

This r e p o r t  descr ibes  the  work c a r r i e d  out  t o  i n v e s t i g a t e  

I the  noise reduct ion  c h a r a c t e r i s t i c s  of mul t i layered  panels  

s u i t a b l e  f o r  use i n  genera l  a v i a t i o n  a i r c r a f t .  E f f ec t s  of the 

d e n s i t i e s  of var ious noise c o n t r o l  ma te r i a l s  on the  noise  



r e d u c t i o n  c h a r a c t e r i s t i c s  of m u l t i l a y e r e d  pane l s  a r e  

d i s c u s s e d .  The e f f e c t  of t h e  p resence  of an a i r  gap i n  

m u l t i l a y e r e d  p a n e l s  was i n v e s t i g a t e d .  Sandwiching of sound- 

a b s o r p t i o n  m a t e r i a l s  o r  foam between two aluminim p a n e l s  

promises  t o  be a  good no i se  r e d u c t i o n  c o n f i g u r a t i o n  i n  the 

s t i f f n e s s - c o n t r o l l e d  reg ion .  A combination of t h e  foam and 

f i b r o u s  sound-absorption m a t e r i a l  a s  tt-e c o r e  o f f e r s  a  h igh 

n o i s e  r e d u c t i o n  i n  t h i s  f requency reg ion .  

This  r e p o r t  a l s o  d e s c r i b e s  t h e  c o n t i n u i n g  work c a r r i e d  o u t  

t o  c a l c u l a t e  t h e  p a n e l  d e f l e c t i o n s  u s i n g  l a s e r  scann ing  

t echn iques .  

"STITDY OF NOISE REDUCTION CHARACTWISTICS OF MJLTLLAYWED PANELS AND 
DUAL PANE W I N D O W S  WITH HELMEOLTZ RESONATORS"; by R. ~ a v a n e e t h a n .  
May 1981, 175 pages .  

I n  t h i s  r e p o r t ,  t h e  exper imenta l  n o i s e  a t t e n u a t i o n  

c h a r a c t e r i s t i c s  of f l a t ,  g e n e r a l - a v i a t i o n - t y p e ,  m u l t i l a y e r e d  

p a n e l s  a r e  p r e s e n t e d .  Exper imental  r e s u l t s  of s t i f f e n e d  

p a n e l s ,  damping t a p e ,  honeycomb m a t e r i a l s ,  and sound-absorpt ion 

m a t e r i a l s  a r e  p r e s e n t e d .  - s ingle-degree-of-£  reedom t h e o r e t i c a l  

models have been developed f o r  sandwich-type pane l s  wi th  bo th  

s h e a r - r e s i s t a n t  and n o n - s h e a r - r e s i s t a n t  c o r e  m a t e r i a l .  The 

exper imenta l  i n v e s t i g a t i o n ,  performed t o  t e s t  t h e  concep t  of 

Helmholtz r e s o n a t o r s  used i n  c o n j u n c t i o n  wi th  dual-pane windows 

i n  i n c r e a s i n g  t h e  n o i s e  r e d u c t i o n  around a  smal l  range of 



frequency, i s  a l s o  descr ibed .  I t  is  concluded t h a t  the 

s t i f f e n i n g  of the  panels  e i t h e r  by s t i f f e n e r s  o r  by sandwich 

cons t ruc t ion  inc reases  the  low-frequency noise  reduct ion.  

Applicat ion of damping ma te r i a l s ,  while damping out  t he  

resonance peaks,  lowers the  fundamental resonance frequency. 

The t h e o r e t i c a l  models, within the c o n s t r a i n t s  of t h e  

assumptions made i n  de r iv ing  them, p r e d i c t  the  fundamental 

resonance frequency and the  low-frequency noise  reduc t ion  

f a i r l y  accura te ly .  I t  i s  a l s o  concluded t h a t  the  concept of 

Helmholtz r e sona to r s  i n  conjunct ion with dual-pane windows 

o f f e r s  an a t t r a c t i v e  low-cost s o l u t i o n  t o  i nc rease  the noise  

a t t e n u a t i o n  of dual-pane windows around a small  range of 

frequency. 

"INFLUENCE OF DEPRESSURIZATION AND DAMPING MATERULL ON TBE NOISE 
REDUCTION CEWLRACTERISTICS OF FLAT AND CURVED STIFFWED P m " ;  
by R. Navaneethan, B. S t r e e t e r ,  and S. Koontz. October 1981, 
308 pages. 

In this r e p o r t ,  the  work c a r r i e d  ou t  t o  i n v e s t i g a t e  the 

no ise  reduc t ion  c h a r a c t e ~ i s t i c s ~ ' o f  general-aviat ion-type f l a t  

and curved, s t i f f e n e d  panels  a t  t he  u n i v e r s i t y  of Kansas F l i g h t  

Research Laboratory no ise  research  f a c i l i t y  a r e  presented.  The 

e f f e c t s  of dep re s su r i za t i on ,  damping ma te r i a l ,  and noise  source 

a r e  descr ibed .  



The exper imenta l  s t u d y  was c a r r i e d  o u t  on 20 x 20 i n c h  

p a n e l s  i n  a  f requency range of i n t e r e s t  from 20 Hz t o  5000 

. The n o i s e  s o u r c e s  used were a  swept s i n e  wave g e n e r a t o r  

and a random n o i s e  g e n e r a t o r .  

The r e s u l t s  i n d i c a t e  t h a t  under t h e  c o n d i t i o n s  t e s t e d ,  t h e  

e f f e c t  of n o i s e  source  was n e g l i g i b l e .  I n c r e a s i n g  t h e  p r e s s u r e  

d i f f e r e n t i a l  a c r o s s  t h e  pane l  g i v e s  b e t t e r  n o i s e  r e d u c t i o n  

below t h e  fundamental  resonance f requency  due t o  an i n c r e a s e  i n  

s t i f f n e s s .  The l a r g e s t  i n c r e a s e  occurs  i n  t h e  f i r s t  one p s i  

p r e s s u r e  d i f f e r e n t i a l .  The curved,  s t i f f e n e d  pane l  e x h i b i t e d  

s i m i l a r  bahav ior ,  b u t  wi th  a  lower i n c r e a s e  of low-frequency 

n o i s e  r e d u c t i o n .  D e p r e s s u r i z a t i o n  on curved,  s t i f f e n e d  p a n e l s  

r e s u l t s  i n  a  d e c r e a s e  of the  n o i s e  r e d u c t i o n  a t  h i g h e r  

f r e q u e n c i e s ,  conf i rming t h e o r e t i c a l  work done by Koval. The 

e f f e c t  of damping t a p e s  on t h e  o v e r a l l  n o i s e  r e d u c t i o n  va lues  

of t h e  t e s t  specimens was s m a l l  away from t h e  resonance 

f requency.  I n  t h e  mass-law r e g i o n  a s l i g h t  and p r o p o r t i o n a l  

improvement i n  n o i s e  r e d u c t i o n  i s  observed by t h e  a d d i t i o n  of 

damping m a t e r i a l .  Adding sound-absorption m a t e r i a l  t o  a  pane l  

wi th  damping m a t e r i a l  i n c r e a s e s  b e n e f i c i a l l y  n o i s e  r e d u c t i o n  a t  

h i g h  f r e q u e n c i e s .  



'S!KJDY OF NOISE REDUCTION CEAFtACTERISTICS OF COHPOSITE FIBER- 
REINFORCED PANELS, INTERIOR PANEL CONFIGURATIONS, AND TEE 
APPLICATION OF THE TUNED DAMPW CONCEPTn; 
by J. Lam6ris, S. Stevenson,  and B. S t r e e t e r .  
March 1982, 163 pages.  

I n  t h i s  r e p o r t ,  t h e  work c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  

n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of square ,  f i b e r - r e i n f o r c e d ,  

laminated p a n e l s  and i n t e r i o r  p a n e l  c o n f i g u r a t i o n s  a t  the 

U n i v e r s i t y  of Kansas F l i g h t  Research Labora to ry  is presen ted .  

I n  a d d i t i o n ,  t h e  concept  of a tuned damper has  been 

i n v e s t i g a t e d  a s  an a p p l i c a t i o n  t o  i n c r e a s e  t h e  n o i s e  r e d u c t i o n  

of a  pane l  a t  i t s  fundamental  resonance f requency.  

The exper imenta l  s t u d y  was c a r r i e d  o u t  on 20 x 20 i n c h  

p a n e l s  i n  a  f requency range of 20 Hz t o  5000 Hz. T e s t s  were 

conducted under normal sound i n c i d e n c e  i n  t h e  KU-FRL Beranek 

t u b e  a c o u s t i c  f a c i l i t y .  

The r e s u l t s  of t h e  t e s t s  wi th  t h e  f i b e r - r e i n f o r c e d ,  

laminated p a n e l s  i n d i c a t e  b e t t e r  low-frequency n o i s e  r e d u c t i o n  

c h a r a c t e r i s t i c s  f o r  t h e  graphi te-epoxy pane l s  than f o r  t h e  

Kevlar p a n e l s ,  due t o  t h e i r  h i g h e r  s t i f f n e s s .  V a r i a t i o n s  i n  

t h i c k n e s s  caused by the  manufactur ing p r o c e s s  have prevented 

t h e  making of d e c i s i v e  conc lus ions  abou t  t h e  i n f l u e n c e  of t h e  

p l y  o r i e n t a t i o n .  

Var ious  k i n d s  of i n t e r i o r  pane l  c o n f i g u r a t i o n s  have been 

s t u d i e d .  Sandwich p a n e l s  c o n s i s t i n g  of a foam c o r e  and 

f i b e r g l a s s  f a c i n g s  e x h i b i t  h i g h e r  sound a t t e n u a t i o n  



c h a r a c t e r i s t i c s  than most of the s ing l e - l aye r  panels  t e s t e d .  

Doubling the  core  th ickness  of these  pane ls  had a  l a r g e r  

b e n e f i c i a l  e f f e c t  than doubling the  th ickness  of t he  sk in  

layer .  Treatments such a s  c a r p e t ,  Royal i te ,  and woolen/ leather  

covering a r e  gene ra l l y  more e f f e c t i v e  a t  h igher  f requenc ies  due 

t o  t he  add i t i on  of mass. 

Tes t s  with a  tuned r i n g  damper have ind i ca t ed  t h a t  it i s  

poss ib l e  t o  i nc rease  the  damping and noise  reduc t ion  i n  a  wide 

range of f requenc ies  around the  fundamental resonance frequency 

of a  panel .  Using two v i s c o e l a s t i c  damping m a t e r i a l s ,  LD-400 

and Aquaplas, a  ga in  of 8 t o  9 d B  was measured a t  a  weight 

pena l ty  of about  9% of t he  panel mass. However, t h e o r e t i c a l  

a n a l y s i s  of this tuned damper concept d id  no t  p r e d i c t  wel l  the 

experimental  r e s u l t s  and needs more s tudy.  Also some 

disadvantages of the type of damper used have been discussed.  

"STUDY OF TElE DAMPING CFJARACTERISTICS OF GENERAL AVIATION AIRCRAFT 
PANELS AND DEVELOPMENT OF COMPUTER PROGRAMS TO CALCULATE TEE 
EFFECTIVENESS OF INTERIOR NOISE CONTROL TREATMENT"; 
by R. Navaneethan, J.Hunt, and B. Quayle. December 1 9 8 2 ,  1 1 2  pages. 

I n  t h i s  r e p o r t ,  the  work c a r r i e d  o u t  a t  t he  Univers i ty  of 

Kansas F l i g h t  Research ~ a b o r a t o r ~  (KU-FRL) t o  determine t h e  

damping c h a r a c t e r i s t i c s  of square ,  genera l  a v i a t i o n  panels  is 

presen ted .  I n  a d d i t i o n ,  t he  progress  on the work t o  d a t e  on 

t h e  development of a  simple i n t e r i o r  no ise  l e v e l  c o n t r o l  

program is  a l s o  repor ted .  



S t r u c t u r a l  damping p l a y s  an impor tan t  r o l e  i n  t h e  

d e t e r m i n a t i o n  of n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of panels ,  

S ince  t h e  damping v a r i e s  c o n s i d e r a b l y  wi th  d i f f e r e n t  

i n s t a l l a t i o n s ,  it is n o t  r e a d i l y  p r e d i c t e d .  For t h i s  r e a s o n  

t h e  i n v e s t i g a t i o n  of t h e  damping c h a r a c t e r i s t i c s  of p a n e l s  

i n s t a l l e d  i n  t h e  KU-FRL t e s t  f a c i l i t y  was under taken.  The 

t e s t s  were c a r r i e d  o u t  on 20 x 20 inch  .pane l s  a t  d i f f e r e n t  t e s t  

c o n d i t i o n s .  T e s t s  were conducted on f r e e - f r e e  p a n e l s ,  clamped 

p a n e l s ,  and p a n e l s  a s  i n s t a l l e d  i n  the KU-FRL a c o u s t i c  t e s t  

f a c i l i t y .  T e s t s  wi th  f  r e e - f r e e  p a n e l s  v e r i f i e d  t h e  b a s i c  

equipment s e t - u p  and t e s t  procedure .  They a l s o  provided a  

b a s i s  f o r  comparison.  

The r e s u l t s  i n d i c a t e  t h a t  t h e  e f f e c t  of i n s t a l l e d  pane l s  

i s  t o  i n c r e a s e  t h e  damping r a t i o  a t  t h e  same frequency.  

However, a  d i r e c t  comparison is  n o t  p o s s i b l e ,  a s  t h e  

fundamental  f requency of a  f r e e - f r e e  p a n e l  d i f f e r s  from t h e  

resonance f requency of t h e  pane l  when i n s t a l l e d .  The dampinq 

v a l u e s . o f  p a n e l s  i n s t a l l e d  i n  t h e  t e s t  f a c i l i t y  a r e  c l o s e r  t o  

t h e  damping v a l u e s  ob ta ined  wi th  f i x e d - f i x e d  pane l s .  E f f e c t s  

of damping t a p e ,  s t i f f e n e r s ,  and bonded and r i v e t e d  edge 

c o n d i t i o n s  were a l s o  i n v e s t i g a t e d .  

The n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of a  l a r g e  number of 

g e n e r a l  a v i a t i o n  a i r c r a f t  pane l s  have been i n v e s t i g a t e d  a t  t h i s  

f a c i l i t y .  An a t t e m p t  i s  now being made t o  c a l c u l a t e  t h e s e  

c h a r a c t e r i s t i c s  a n a l y t i c a l l y .  For t h i s .  purpose a well-known 



model t o  p r e d i c t  the  t ransmiss ion  l o s s  of t he  mult i layered 

pane ls  has been chosen. This model i s  being modified t o  

inc lude  the  e f f e c t s  of the  experimental  r e s u l t s  obtained a t  the  

KU-FRL t e s t  f a c i l i t y .  Skin,  a i r  gap, porous i n s u l a t i o n  

b lanke t ,  septum, and t r i m  pane ls  a r e i  t y p i c a l  of the l aye r s  t h a t  

a r e  being considered.  The agreement between the  experimental  

r e s u l t s  and the  t h e o r e t i c a l  r e s u l t s  obtained without  any 

modi f ica t ions  t o  t he  program i s  gene ra l l y  poor. Severa l  

modi f ica t ions  and ref inements  a r e  being made to the  program t o  

agree with the t e s t  r e s u l t s .  The progress  t o  d a t e  is  a l s o  

presented.  

'USER'S GUIDE TO MTJLTILAYER SOUND WSMISSION IOSS m(OGRmm; 
by R. Navaneethan. January 1983, 53 pages. 

This r e p o r t  i s  a  guide to  the  u s e  of a  computer program 

t h a t  c a l c u l a t e s  the  sound t ransmiss ion  l o s s  through a  

mul t i l ayered  panel .  I n s t r u c t i o n s  f o r  s e t t i n g  up the i npu t  da t a  

f i l e  and running t h e  program a r e  given. Also included a r e  t h e  

equa t ions  used i n  the programs, flow diagrams, and a  l i s t i n g  of 

the computer program. 



.STUDY OF NOISE REDUCTION CMARACTWISTICS OF DOUBLE-WALL PANELS'; 
by R. Navaneethan, B. Quayle, S. Stevenson, and M. Graham. 
May 1983, 179 pages. 

In  t h i s  r e p o r t ,  the  work c a r r i e d  ou t  t o  i n v e s t i g a t e  the 

no i se  reduc t ion  c h a r a c t e r i s t i c s  of genera l -av ia t ion- type ,  f l a t ,  

double-wall s t r u c t u r e s  a t  the  Univers i ty  of Kansas F l i g h t  

Research Laboratory is presented.  The test specimens a r e  

t y p i c a l  of the  double-wall s t r u c t u r e s  t h a t  a r e  c u r r e n t l y  being 

used i n  gene ra l  a v i a t i o n  a i r c r a f t .  , The o b j e c t  of t h i s  

i n v e s t i g a t i o n  is t o  genera te  a  da t a  base of such panels.  A 

secondary ob j ec t ive  i s  t o  develop a  simple theory t h a t  w i l l  

reasonably p r e d i c t  the  noise  reduc t ion  c h a r a c t e r i s t i c s  of such 

panels  without excess ive  computer memory and time. 

The experimental  s tudy was c a r r i e d  ou t  on 20 by 20 inch 

panels  with an exposed a r e a  of 18 by 18 inches.  The t e s t s  were 

performed a t  normal incidence and a t  room temperature and 

pressure .  A frequency range from 20 t o  5000 Hz was covered. 

The noise  source was a  slowly swept s i n e  wave genera tor .  

The, experimental  r e s u l t s ,  i n  gene ra l ,  fol low the  expected 

t rends .  A t  low f requenc ies  the double-wall s t r u c t u r e s  a r e  no 

b e t t e r  than the  s ing le -wal l  s t r u c t u r e s .  However, f o r  depths  

normally used i n  t he  genera l  a v i a t i o n  i ndus t ry ,  t he  double-wall 

s t r u c t u r e  becomes e f f e c t i v e  from 300 HZ.. A t  high f requenc ies ,  

double-wall  pane ls  a r e  very a t t r a c t i v e .  The graphite-epoxy 

s k i n  panels  have higher  noise  reduc t ion  a t  very low f requenc ies  



(>I00 H z )  than t h e  Kevlar s k i n  p a n e l s .  But t h e  aluminum pane l s  

have h igher  n o i s e  r e d u c t i o n  i n  t h e  high-frequency reg ion ,  due 

t o  t h e i r  . g r e a t e r  mass. U s e  of f i b e r g l a s s  i n s u l a t i o n  is n o t  

e f f e c t i v e  i n  t h e  , low-frequency r e g i o n ,  and a t  t imes  it i s  even 

n e g a t i v e .  . But t h e  i n s u l a t i o n  i s  e f f e c t i v e  i n  t h e  high- 

f requency reg ion .  I t  damps o u t  t h e  ' pane l -a i r -pane l  r esonances  

as w e l l .  a s  i n c r e a s e s  n o i s e  r e d u c t i o n  due t o  v i scous  e f f e c t s .  

The i n t e r i o r  t r i m  pane l  used i n  t h e  i n d u s t r y  can be 

advan tageous ly  used a s  a  n o i s e  c o n t r o l  t r e a t m e n t  e lement  i n  

double-wal l  s t r u c t u r e s .  However, t h e  t e s t s  i n d i c a t e  t h a t  most 

t r i m  pane l s  do n o t  behave l i k e  l imp pane l s .  C e r t a i n  base  

m a t e r i a l  and t r e a t m e n t  combinat ions  f o r  t h e  t r i m  pane l s  perform 

much b e t t e r  than o t h e r s ,  even i n  s p i t e  of t h e i r  weight 

p e n a l t i e s ;  and f u r t h e r  s t u d y  may be r e q u i r e d  t o  de te rmine  

e x a c t l y  t h e i r  n o i s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s .  I n  the  

meantime, use  of measured s i n g l e - p a n e l  s l o p e  f o r  t h e  t r i m  

p a n e l s  a s  an  a d d i t i o n a l  parameter  p rov ides  a reasonab le  

approximat ion f o r  t h e o r e t i c a l  p r e d i c t i o n s  . 
Within i t s  l i m i t a t i o n s ,  t h e  t h e o r e t i c a l  model p r e d i c t s  t h e  

t r a n s m i s s i o n  l o s s  of t h e s e  m u l t i l a y e r e d  p a n e l s  reasonab ly  w e l l .  



" ~ U R E M E N T  OF TRANSMISSION IDSS CHARACTERISTICS USING ACOUSTIC 
INTENSITY TBCBNIQUES AT THE W-FRI, ACOUSTIC TEST FACILITYm; 
by R. Navaneethan and B. Quayle. December 1983, 1 2 4  pages. 

In  t h i s  r e p o r t ,  the  work c a r r i e d  ou t  a t  the  Univers i ty  of 

Kansas F l i g h t  Research Laboratory ( K U - F W )  t o  measure t he  

t ransmiss ion  l o s s  c h a r a c t e r i s t i c s  of panels  us ing  the acous t i c  

i n t e n s i t y  technique i s  presented.  The r e p o r t  de sc r ibes  t he  

t h e o r e t i c a l  formulat ion,  i n s t a l l a t i o n  of hardware, 

modi f ica t ions  t o  t he  t e s t  f a c i l i t y ,  and development of computer 

programs and t e s t  procedures.  A l i s t i n g  of a l l  the  programs is 

a l s o  provided. 

The i n i t i a l  t e s t  r e s u l t s  i n d i c a t e  t h a t  the acous t i c  

i n t e n s i t y  technique can be e a s i l y  adapted a t  the  K U - F F U  t e s t  

f a c i l i t y  t o  measure t ransmiss ion  lo s s  c h a r a c t e r i s t i c s  of 

panels .  U s e  of t h i s  method w i l l  g ive average t ransmission l o s s  

values .  The f i x t u r e s  developed t o  p o s i t i o n  the 'microphones 

along the  g r i d  p o i n t s  a r e  very u s e f u l  i n  p l o t t i n g  the  i n t e n s i t y  

maps of v i b r a t i n g  panels .  

Based on the  experience gained s o  f a r ,  s eve ra l  

improvements t o  t he  t e s t  f a c i l i t y  and t e s t  procedures a r e  a l s o  

i d e n t i f i e d .  



n~~~~~~ AVIATION AIR- ~ T W I O R  NOISE PROBLEM: SOME SUGGESTED 
SOLUTIONSn; by R .  Navaneethan. J u l y  1984, 491 pages. 

This  r e p o r t  de sc r ibes  t he  work completed f o r  an ongoing 

genera l  a v i a t i o n  i n t e r i o r  no ise  research  p ro j ec t .  A broad- 

based approach--i .e. ,  l abo ra to ry  i n v e s t i g a t i o n  of sound 

t ransmission through pane ls ,  use of modern d a t a  a n a l y s i s  

techniques,  and a p p l i c a t i o n  t o  a c t u a l  a i r c r a f  t--was used t o  

determine methods t o  reduce gene ra l  a v i a t i o n  i n t e r i o r  noise .  

The l abo ra to ry  i n v e s t i g a t i o n s  were c a r r i e d  o u t  i n  a  low- 

c o s t  acous t i c  t e s t  f a c i l i t y .  The experimental  no ise  r educ t ion  

c h a r a c t e r i s t i c s  of s t i f f e n e d  f l a t  and curved panels  with 

damping t rea tment  a r e  discussed.  The experimental  r e s u l t s  of  

double-wall  pane ls  used i n  the  gene ra l  a v i a t i o n  i ndus t ry  a r e  

given. The e f f e c t s  of sk in  panel  m a t e r i a l ,  f i b e r g l a s s  

i n s u l a t i o n ,  and t r i m  panel  ma te r i a l  on t he  noise  reduc t ion  

c h a r a c t e r i s t i c s  of double-wall panels  a r e  i nves t i ga t ed .  These 

r e s u l t s  a r e  compared with t he  t h e o r e t i c a l  p r e d i c t i o n s  from 

c l a s s i c a l  sound t ransmiss ion  theory f o r  mul t i l ayered  panels .  

The changes needed i n  t h e  c l a s s i c a l  sound t ransmiss ion  theory  

f o r  a  b e t t e r  agreement a r e  d i scussed .  It i s  a l s o  shown t h a t  

t h e  same theory can succes s fu l ly  be used t o  design the  i n t e r i o r  

no ise  c o n t r o l  t rea tment  of a  new a i r c r a f t .  

The development of the  a c o u s t i c  i n t e n s i t y  system f o r  t h i s  

t e s t  f a c i l i t y  is  descr ibed .  The use of c e p s t r a l  a n a l y s i s  

techniques t o  determine the  absorp t ion  c o e f f i c i e n t s  of i n t e r i o r  



t r i m  panels  i n  s i t u  is  discussed.  Also a  computer program, 

which can be used t o  analyze the  problem of high i n t e r i o r  no i se  

of t he  product ion a i r c r a f t  and t o  s tudy the  e f f e c t i v e n e s s  of 

the  no ise  c o n t r o l  t rea tment ,  i s  given. The use of t h i s  program 

on a i r c r a f t  no ise  c o n t r o l  has shown the  v a l i d i t y  of t he  models 

used. The r e s u l t s  i n d i c a t e  t h a t  with minor modif icat ions t h e  

c l a s s i c a l  sound t ransmission theory can be used not  only t o  

p r e d i c t  t he  panel sound t ransmiss ion  l o s s  c h a r a c t e r i s t i c s  bu t  

a l s o  t o  analyze a c t u a l  no ise  c o n t r o l  t rea tment  of an a i r c r a f t .  



2.1 !StMNUUES OF PAPERS 

=THE TRANSMISSION OF SOUND =UGH AIRCRAFT PANELS"; 
by D. Durenberger and T. P e s c h i e r .  November 1977; 12 pages.  

T h i s  paper  i n c l u d e s  t h e  f o l l o w i n g  i t ems :  

1. Background of t h e  KU-NASA-Industry n o i s e  p r o j e c t ,  

2. How sound t r a n s m i s s i o n  through p a n e l s  de te rmines  

c a b i n  n o i s e  l e v e l s ,  

3 .  Methods of i n c r e a s i n g  sound blockage of p a n e l s .  

In  s p r i n g  1977, t h e  U n i v e r s i t y  of Kansas submi t t ed  a  

p r o p o s a l  t o  NASA Langley Research Cen te r  f o r  a  sound 

t r a n s m i s s i o n  r e s e a r c h  p r o j e c t .  The p r o j e c t  was funded th rough  

t h e  Noise E f f e c t s  Branch of t h e  Acous t i c s  and Noise r e d u c t i o n  

Div i s ion .  The work of a s sembl ing  a  l a b o r a t o r y  t e s t  f a c i l i t y  

began i n  May 1977. 

"A RESEARCH PROGRAM TD REDUCE TEE IN'L'ERIOR NOISE LEVEL IN GENERAL 
AVIATION AJXPLANESm; by D. Durenberger ,  F. Grosveld ,  and K. van Dam. 
Paper  p r e s e n t e d  a t  NASA Langley Research C e n t e r ,  A C O U S ~ ~ C S  and Noise 
Reduct ion Div., Hampton, V i r g i n i a ,  A p r i l  24, 1978. P r e s e n t e d  a t  
Cessna A i r c r a f t  Co., Pawnee Div., W i c h i t a ,  Kansas,  A p r i l  18,  1978; 
21 pages.  

T h i s  p r e s e n t a t i o n  g i v e s  the main results of a  p r o j e c t  

funded by t h e  N a t i o n a l  Aeronau t i c s  and Space ~ d r n i n i s t r a t i o n  t o  

s t u d y  t h e  t r a n s m i s s i o n  of sound through g e n e r a l  a v i a t i o n  

a i r p l a n e  s t r u c t u r e s .  The r e s e a r c h  o b j e c t i v e s  of t h i s  p r o j e c t  

were t h e  r e s u l t s  of a s t u d y  of the f a c t o r s  which a f f e c t  



3 .  To provide a  sys temat ic  c o l l e c t i o n  of panel  and panel 

t rea tment  sound a t t e n u a t i o n  c h a r a c t e r i s t i c s ,  based on both 

experimental  and a n a l y t i c a l  cons ide ra t i ons ;  

4. To use these  r e s u l t s  t o  extend o r  develop p r e d i c t i o n  

methods. 

This paper exp la in s  t he .  experimentat ion which was accomplished 

through t h i s  program. 

"SOHE NOISE TRANSMISSION WSS CHARACTWISTICS OF TYPICAL GENERAL 
AVIATION STRUCTURAL #ATWIALSm; by J. Roskam, C. van Dam, 
D. Durenberger, and F. Grosveld. 
A I A A  paper 78-1480 presented a t  t he  A i r c r a f t  Systems and Technology 
Conferences, Los Angeles, C a l i f o r n i a ,  August 21 -23, 1978; 9  pages. 

Experimentally measured sound t ransmiss ion  l o s s  

c h a r a c t e r i s t i c s  of f l a t  aluminum panels  with and without  

damping and s t i f f n e s s  t rea tment  a r e  presented and discussed.  

The e f f e c t  of p r e s s u r i z a t i o n  on sound t ransmiss ion  l o s s  of f l a t  

aluninum panels  is  shown t o  be s i g n i f i c a n t .  

The purpose of t h i s  paper i s  t o  p re sen t  some i n i t i a l  

r e s u l t s  of measurements of sound t ransmiss ion  lo s s  

c h a r a c t e r i s t i c s  through f l a t  aluminum panels .  F i r s t  a  

d e s c r i p t i o n  of the  test f a c i l i t y  ' is  provided. Second, a  

d i s cus s ion  is  presented of major f a c t o r s  which a f f e c t  sound 

I t ransmiss ion  lo s s .  The r e l a t i v e  b e n e f i t s  of adding mass, 

i nc reas ing  s t i f f n e s s ,  cab in-pressur iza t ion ,  and v i b r a t i o n  

I damping a r e  shown through comparison of t e s t  r e s u l t s .  It i s  



shown t h a t  s i g n i f i c a n t  b e n e f i t s  can be ob ta ined  from a  s m a l l  

amount of p r e s s u r i z a t i o n .  

.GENERAL AVIATION INTERIOR NOISE RESEARCH'; by F. Grosveld. 
AIAA in fo rmal  paper p resen ted  a t  t h e  F i f t h  Annual General  A v i a t i o n  
Technology F e s t ,  Wichi ta ,  Kansas, November 10-1 1 ,  1978; 23 pages.  

This  p r e s e n t a t i o n  w i l l  g i v e  t h e  s t a t e  of t h e  a r t  of t h e  

KU-FRL Noise P r o j e c t ,  which has t h e  broad goa l  of reducing the  

i n t e r i o r  n o i s e  i n  g e n e r a l  a v i a t i o n  a i r p l a n e s .  P a s t ,  c u r r e n t ,  

and f u t u r e  work w i l l  be d i s c u s s e d  i n  each of t h e  fo l lowing  

i tems : 

1. T e s t  f a c i l i t y ,  

2. T e s t  r e s u l t s ,  

3 .  T h e o r e t i c a l  work. 

F i r s t  a  s h o r t  h i s t o r y  of t h e  no i se  p r o j e c t  w i l l  be g iven ,  

i n c l u d i n g  t h e  main o b j e c t i v e s  of each phase.  

The p r e p a r a t i o n  phase s t a r t e d  A p r i l  15,  1976, when t h e  

F l i g h t  Research Laboratory  of t h e  U n i v e r s i t y  of Kansas began t o  

deve lop  a  n o i s e  r e s e a r c h  team and s t a r t e d  t o  d e f i n e  a  long- 

- range follow-up r e s e a r c h  program i n  i n t e r i o r  no i se .  The 

p r o j e c t  was funded through NASA Langley Research Cente r ,  

Acous t i cs  and Noise Reduction Div i s ion .  

The work of assembling an a c o u s t i c  test  f a c i l t y  began i n  

May 1977. I n  t h i s  a c o u s t i c  t e s t  f a c i l i t y ,  n o i s e  r e d u c t i o n  

c h a r a c t e r i s t i c s  of v a r i o u s  pane l s  can be determined. 



T e s t i n g  of v a r i o u s ,  f l a t ,  s t r u c t u r a l  p a n e l s  began i n  

August 1977. S ince  t h e n ,  a  s y s t e m a t i c  c o l l e c t i o n  of pane l  and 

p a n e l  t r e a t m e n t  sound a t t e n u a t i o n  c h a r a c t e r i s t i c s  has  been 

o b t a i n e d  i n  t h e  form of t r a n s m i s s i o n  l o s s  cu rves .  I n  June 1978 

an e x t e n s i v e  test  program was c a r r i e d  o u t  t o  determine t h e  

- c h a r a c t e r i s t i c s  of t h e  a c o u s t i c  t e s t  f a c i l i t y .  I n  t h e  

meantime, p r o g r e s s  r e p o r t s  have been made concerning t h e  

e x p e r i m e n t a l  r e s u l t s  and t h e  t h e o r e t i c a l  approach of t h e s e  

t e s t s .  

"A RBSEARCB PROGRAM TYl REDUCE INTERIOR tOISE IN GENERAL AVIATION 
AIRPLANES'; by F. Grosveld.  Paper p r e s e n t e d  a t  NASA Langley 
Research Cen te r ,  Hampton, V i r g i n i a ,  January  15-16, 1979; 33 pages.  

This paper  p r e s e n t s  an o u t l i n e  of a c t i v i t i e s  done and t o  

be  done of a  p r o j e c t  funded by t h e  N a t i o n a l  Aeronau t i c s  and 

Space Admin i s t ra t ion  t o  s t u d y  t h e  t r a n s m i s s i o n  of sound through 

g e n e r a l  a v i a t i o n  a i r p l a n e  s t r u c t u r e s  (NASA NSG 1301 1 .  

F i r s t  t h e  a c t i v i t i e s  between A p r i l  24,  1978, and December 

,, 15, 1978, w i l l  be d i s c u s s e d ;  and t h i s  c h a p t e r  i s  subd iv ided  

i n t o  t h e  f o l l o w i n g  s e c t i o n s :  

1.  Expansion i n  T e s t i n g  C a p a b i l i t i e s  

2. T h e o r e t i c a l  and Exper imenta l  Research 

3. E v a l u a t i o n  of t h e  T e s t  R e s u l t s .  

The second c h a p t e r  c o v e r s  f u t u r e  work through A p r i l  30, 

1979,  t h a t  w i l l  be performed under t h e  e x i s t i n g  g r a n t .  



The p r o p o s a l  t o  NASA f o r  e x t e n s i o n  of t h e  program f o r  t h e  

p e r i o d  of May 1 ,  1979 - A p r i l  30, 1980, h a s  been inc luded  i n  

t h i s  r e p o r t  a s  an appendix.  

"SUMMARY OF NOISE REDUCTION CHARACTERISTICS OF TYPICAL GENERAL 
AVIATION MATWIALS'; by J. Roskam, F. Grosveld ,  and ,J. van Aken. 
S o c i e t y  of Automotive Engineers  paper  No. 790627, p r e s e n t e d  a t  t h e  
Business  A i r c r a f t  Meeting, Wich i t a ,  Kansas, A p r i l  3-6, 1979; 
40 pages.  

The paper  p r e s e n t s  t h e  r e s u l t s  of a  l a r g e  number of 

s y s t e m a t i c  t e s t s  t o  de te rmine  n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  

of g e n e r a l  a v i a t i o n  m a t e r i a l s .  E f f e c t s  of m a t e r i a l  type  

( m e t a l l i c  and compos i t e ) ,  t h i c k n e s s ,  pane l  s t i f f e n i n g ,  

v i b r a t i o n  damping m a t e r i a l s ,  sound a b s o r p t i o n  m a t e r i a l s  and 

p r e s s u r i z a t i o n  on n o i s e  r e d u c t i o n  a r e  inc luded .  S e v e r a l  

promis ing methods f o r  r educ ing  c a b i n  i n t e r i o r  n o i s e  i n  l i g h t  

a i r p l a n e s  a r e  d i s c u s s e d  based on t h e  r e s u l t s .  

OSTRUCTCJFtAL P- THAT INFLOWCE TIfE NOISE RKDUCTION 
CHARACTERISTICS OF TYPICAL GENERAL AVIATION MA=-"; 
by J. Roskarn and F. ~ r o s v e u .  AIAA paper  80-0038, p r e s e n t e d  a t  1 8 t h  
Aerospace Sc iences  Meeting,  Pasadena,  C a l i f o r n i a ,  January 14-1 6 ,  
1980; 10 pages. 

Th i s  paper  e x p l a i n s  t h e  exper imenta l  i n v e s t i g a t i o n  of t h e  

e f f e c t  of p a n e l  c u r v a t u r e  and o b l i q u e  a n g l e  of sound i n c i d e n c e  

On n o i s e  r e d u c t i o n  c h a r a c t r i s t i c s  of an  aluminum pane l .  Pane l  

c u r v a t u r e  r e s u l t s  show s i g n i f i c a n t  i n c r e a s e  i n  s t i f f n e s s  w i t h  



comparable d e c r e a s e  of sound t r a n s m i s s i o n  th rough  t h e  pane l  i n  

t h e  f requency  r e g i o n  below t h e  p a n e l / c a v i t y  resonance  

f requency.  Noise r e d u c t i o n  d a t a  have been ach ieved  f o r  

aluminum p a n e l s  w i t h  clamped, bonded, and r i v e t e d  edge 

c o n d i t i o n s .  These edge c o n d i t i o n s  a r e  shown t o  i n f l u e n c e  n o i s e  

r e d u c t i o n  c h a r a c t e r i s t i c s  of aluminum p a n e l s .  Exper imenta l ly  

measured n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of f l a t  aluminum 

p a n e l s  wi th  u n i a x i a l  and b i a x i a l  in -p lane  s t r e s s e s  a r e  

p r e s e n t e d  and d i s c u s s e d .  R e s u l t s  i n d i c a t e  i m p o r t a n t  

improvement i n  n o i s e  r e d u c t i o n  of t h e s e  p a n e l s  i n  t h e  f requency  

range below t h e  fundamental  p a n e l / c a v i t y  resonance f requency.  

-NOISE REDUCTION CEIAFIACTERISTICS OF GENERAL AVIATION TYPE DUAL PANEL 
WINDOWS"; by F. Grosve ld ,  R. Navaneethan,  and J. Roskam. 
AIAA paper  80-1874, p r e s e n t e d  a t  t h e  A I A A  A i r c r a f t  Systems Meeting,  
Anaheim, C a l i f o r n i a ,  August 5-6, 1980; 7  pages.  

The paper  e x p l a i n s  t h e  e x p e r i m e n t a l  i n v e s t i g a t i o n s  i n t o  

t h e  n o i s e  r e d u c t i o n  c h a r a c t e r i s  t i c s  of g e n e r a l - a v i a  ti on- t y p e  , 

dual-pane windows i n  v a r i o u s  c o n f i g u r a t i o n s .  The e f f e c t s  of 

i n n e r  and o u t e r  pane t h i c k n e s s ,  s p a c i n g  betwween t h e  panes ,  

edge c o n d i t i o n s ,  i n c l i n a t i o n  of t h e  i n n e r  pane and 

d e p r e s s u r i z a t i o n  of t h e  a i r  i n  between t h e  panes a r e  

, 
p r e s e n t e d .  The space  i n  between the two window panes is s e a l e d  

a i r t i g h t  i n  a l l  c a s e s .  R e s u l t s  show t h a t  i n c r e a s i n g  t h e  mass 

of  a  " f l o a t i n g "  window pane does  n o t  i n c r e a s e  t h e  n o i s e  

r e d u c t i o n  below t h e  fundamental  r e sonance  f requency.  I t  i s  



concluded t h a t  t he  concept of dep re s su r i za t i on  of the  a i r  

between t h i n  ( 1  /8") Plex ig l a s  panes and a p p l i c a t i o n  of 

multiple-freedom edge condi t ions  f o r  the  i nne r  pane a r e  

promising t o  reduce no ise  l e v e l s  i n  genera l  a v i a t i o n  a i r p l a n e s .  

KU-FRL-417-P9 

'A MICROCOMPUTER-BASED SYSTEM FOR NOISE CEARACTWISTICS ANALYSIS"; 
by M. Mosser, D. Rummer, and R. Navaneethan. I S M M  paper ,  presented 
a t  Symposium on Mini and Microcomputers i n  Control  and Measurement, 
San Francisco,  C a l i f o r n i a ,  May 20-22, 1981; 3 pages. 

The des igners  of genera l  a v i a t i o n  a i r c r a f t  today a r e  

i n t e r e s t e d  i n  reducing the  i n t e r i o r  no ise  l e v e l s  f o r  g r e a t e r  

comfort of the  p i l o t s  and passengers .  A p r o j e c t  is  under way 

a t  t he  Univers i ty  of Kansas F l i g h t  Research Laboratory t o  

measure and ca t a log  the  noise  reduc t ion  p r o p e r t i e s  of a v a r i e t y  

I of ma te r i a l s  and combinations of m a t e r i a l s  which a r e  candida tes  

f o r  use i n  the  cons t ruc t ion  of gene ra l  a v i a t i o n  a i r c r a f t .  This 

paper desc r ibes  the  design and use of a microcomputer-based 

system f o r  no ise  a n a l y s i s  i n  t h i s  work. 

A t e s t  chamber is divided i n t o  two p a r t s  by a s e p a r a t i n g  

panel  f a b r i c a t e d  from the. ma te r i a l  t o  be t e s t e d .  A noise  

genera tor  a p p l i e s  noise  t o  one s i d e  of the  specimen. The 

microcomputer system measures and records t he  noise  s p e c t r a  on 

both s i d e s  of t he  specimen. The a t t e n u a t i o n  p r o p e r t i e s  of t he  

specimen a r e  c a l c u l a t e d  and displayed.  A co lo r  video. d i s p l a y  

can be used f o r  a "quick look" and hard copy produced by an X-Y 

c h a r t  recorder  f o r  use i n  the ca t a log  and r epo r t s .  



The system descr ibed  was completed i n  June 1980 and has 

been used t o  s tudy  many m a t e r i a l s  c u r r e n t l y  used, a s  w e l l  a s  

many proposed new ma te r i a l s  and combinations of ma te r i a l s .  

This research  has  i d e n t i f i e d  some promising con f igu ra t i ons  f o r  

reduc t ion  of no ise  i n s i d e  genera l  a v i a t i o n  a i r c r a f t .  

'SUMMARY OF TYPICAL PAR- THAT AFFECT SOUND TRANSMISSION 
TBROUGH GENERAL AVIATION AIRCRAFT STRUCTURES'; 
by F. Grosveld, R. Navaneethan, and J. Roskam. SAE Technical  Paper 
810562, presented a t  t he  Business A i r c r a f t  Meeting and Exposi t ion,  
Wichita,  Kansas, Apri l  7-10, 1981; 22 pages. 

This paper p re sen t s  r e s u l t s  of a sys temat ic  experimental  

i n v e s t i g a t i o n  of parameters which a f f e c t  sound t ransmiss ion  

through genera l  a v i a t i o n  s t r u c t u r e s .  Parameters s tud i ed  

inc lude  angle  of sound incidence,  panel  curva ture ,  panel  

s t r e s s e s ,  and edge condi t ions  f o r  bare  panels ;  pane th ickness ,  

spacing,  i n c l i n a t i o n  of window panes, and dep re s su r i za t i on  f o r  

dual-pane windows; d e n s i t i e s  of hard foam and sound absorp t ion  

ma te r i a l s ,  a i r  gaps,  and t r i m  panel  th ickness  f o r  mul t i l ayered  

panels .  Based on the s tudy,  some promising methods f o r  

reducing i n t e r i o r  no ise  i n  genera l  a v i a t i o n  a i r p l a n e s  a r e  

d i scussed .  



"NOISE REDUCTION CHARACTERISTICS OF GENERAL AVIATION TYPE DOUBLE 
HAT.& STRUCTORES"; by B. Quayle. A I A A  S t u d e n t  Paper ,  p r e s e n t e d  a t  
1983 A I M  Region V S t u d e n t  Conference ,  March 1983; 36 pages. 

Th i s  paper  d e s c r i b e s  t h e  r e s u l t s  of r e c e n t  t e s t s  t o  

de te rmine  t h e  n o i s e  r e d u c t i o n  c h a r a c t e r i s t i c s  of s imula ted  

g e n e r a l  a v i a t i o n  type  double-wal l  s t r u c t u r e s .  The e x p e r i m e n t a l  

s t u d y  was conducted i n  t h e  U n i v e r s i t y  of Kansas F l i g h t  Research 

Labora to ry  (KU-FRL) a c o u s t i c  t e s t  f a c i l i t y .  Parameters  t h a t  

were v a r i e d  i n  t h e  s t u d y  i n c l u d e  d i f f e r e n t  s k i n  m a t e r i a l s  and 

i n t e r i o r  t r i m  p a n e l s ,  v a r y i n g  w a l l  dep th  and s t i f f e n e r  

c o n f i g u r a t i o n s ,  and t h e  e f f e c t  of f i b e r g l a s s  i n s u l a t i o n .  The 

paper  compares t h e  e x p e r i m e n t a l  r e s u l t s  wi th  t h o s e  from a  

t h e o r e t i c a l  s t u d y  conducted a t  t h e  KU-FRL. !These were found t o  

compare f a v o r a b l y  w i t h i n  t h e  l i m i t a t i o n s  of t h e  t h e o r e  t i c a l  

model. The exper imenta l  r e s u l t s  f o l l o w  expected t r e n d s ,  and a  

comparat ive  a n a l y s i s  of t h e  v a r i e d  pa ramete r s  i s  p r e s e n t e d  i n  

t h e  paper.  The s t u d y  w i l l  add t o  a  d a t a  base  t h a t  w i l l  a l l o w  

manufac tu re r s  t o  main ta in  low n o i s e  l e v e l s  i n  t h e i r  a i r c r a f t  

w i t h  a  minimum weigh t  p e n a l t y .  



CEWPTER 3 

PANEL INVENTORY 

This  i n v e n t o r y  c o n t a i n s  t h e  b a s i c  i n f o r m a t i o n  abou t  test p a n e l s  

used i n  t h e  n o i s e  r e s e a r c h  p r o j e c t .  They a r e  grouped bo th  by type  

of p a n e l  and by m a t e r i a l s  i n  o r d e r  t o ,  p rov ide  an e a s y  r e f e r e n c e .  

For f u r t h e r  i n f o r m a t i o n ,  p l e a s e  c o n s u l t  t h e  p r e v i o u s  r e p o r t s  d e a l i n g  

with each c a t e g o r y .  



L i s t  of 18 x 18 Inch Panels  f o r  Which Noise Reduction Data 
Are Presen ted  

KU/FRL 

Genera l  Nominal I d e n t i t y  

Group Type Subgroup M a t e r i a l  Thickness  P a n e l  Trea tment  Number - P a r t i c u l a r s  

1 Bare p a n e l s  
1.1 
Aluminum 2024-T3 Alclad  Alum. .016" None 

2024-T3 Alclad  Alum. .020" 

2024-T3 Alclad  Alum. .025" 

2024-T3 Alclad  Alum. .032" 

2024-T3 Alclad Alum. .040" 

None 

None 

None 

None 

1.2 
P l e x i g l a s  P l e x i g l a s  1 2 5 "  

P l e x i g l a s  .1875" 

P l e x i g l a s  .25OW 

None 

None 

None 

1.3 
F i b e r g l a s s  F i b e r g l a s s  -.313" Composite 

1.4 
S t e e l  S t e e l  .016" 

S t e e l  .O2ON 

N o i s e l e s s  S t e e l  .050" 

None 

None 

Composite 

Aluminum c o r e ,  sandwiched 
between two .016" t h i c k  
2024-T3 Aluminum s h e e t s  

1.5 ' 

Honeycomb Composite Honeycomb .SO" 

.SO" F i b e r g l a s s  f a c e s  
Aluminum c o r e  

1/4" c e l l s ,  5052 A 1  c o r e ,  
C-weight f i b e r g l a s s  

Honeycomb 

, Honeycomb -50" F i b e r g l a s s  f a c e s  
Aluminum c o r e  

Glasswool i n  1/4" c e l l s ,  
5052 A 1  c o r e ,  
C-weight f i b e r g l a s s  

1/8" c e l l s ,  5052 A 1  c o r e ,  
C-weight f i b e r g l a s s  

1 2 5 "  F i b e r g l a s s  f a c e s  
Aluminum c o r e  

Honeycomb 



KU/FRL 
Genera l  Nominal I d e n t i t y  

Group Type Subgroup M a t e r i a l  Thickness  P a n e l  Trea tment  Number P a r t i c u l a r s  

Holes & S l i t s  
i n  t h e  c e n t e r  
of a  .040" 
t h i c k  Alclad 
2024-T3 Alu- 
minum P a n e l  

Honeycomb 

Honeycomb 

Honeycomb 

Honey comb 

1.6 
A c r y l i c  A c r y l i c  

A c r y l i c  

1.7 
Lead Vinyl  Lead Vinyl 

1.8 
Wood Wood 

2.1 
Holes 2024-T3 Alclad  Alum. 

2024-T3 Alclad  Alum. 

2024-T3 Alclad  Alum. 

2024-T3 Alclad  Alum. 

2024-T3 Alclad  Alum. 

2024-T3 Alclad  Alum. 

2024-T3 Alclad Alum. 

2024-T3 Alclad  Alum. 

.25" F i b e r g l a s s  f a c e s  
Aluminum c o r e  

.SO" F i b e r g l a s s  f a c e s  
Aluminum c o r e  

1 1  1/8" c e l l s ,  5052 A1 c o r e ,  
C-weight f i b e r g l a s s  

12 1/8" c e l l s ,  5052 Al c o r e  
C-weight f i b e r g l a s s  

1 .OO" F i b e r g l a s s  f a c e s  13 1/8" c e l l s ,  C-weight 
Aluminum c o r e  f i b e r g l a s s ,  5052 A 1  c o r e  

1 .OO" F i b e r g l a s s  f a c e s  
Nomex c o r e  

.25" None 

.25" None 

.025" None 

.75" None 

None 

Hole: 

Hole : 

Hole: 

Hole : 

Hole: 

Hole : 

Hole: 

14 1/8" c e l l s ,  C-weight 
f i b e r g l a s s  

158 

157 Pre-s  t r e t c h e d  

91/108 

4/64" d i a m e t e r  92 

6/64" d i a m e t e r  9 3 

8/64" d i a m e t e r  94 

1 1  /64" d i a m e t e r  95 

15/64" d i a m e t e r  96 

24/64" d i a m e t e r  97 

32/64" d i a m e t e r  98 

P r e s s b o a r d  



Genera l  
Group Type 

KU/FRL 
Nominal I d e n t i t y  

Subgroup M a t e r i a l  Thickness  P a n e l  Trea tment  Number P a r t i c u l a r s  

2024-T3 Alclad  Alum. .404" Hole: 48/64" d i a m e t e r  101 

2024-T3 Alclad  Alum. .404" Hole: 1" d i a m e t e r  103 

2024-T3 Alclad  Alum. .404" Hole: 1 32/64" d i a m e t e r  106 

2024-T3 Alclad  Alum. .404" Hole: 2 50/64" d i a m e t e r  109 

2.2 
S l i t s  2024-T3 Alclad  Alum. .404" S l i t :  3/32" by 17/32" 110 

2024-T3 Alclad  Alum. .404" S l i t :  1" by 3/32" 118 

2024-T3 Alclad  Alum. .404" S l i t :  1" by  5/32" 119 

2024-T3 Alclad Alum. .404" S l i t :  2" by 5/32" 126 

P r e s s u r i z e d  
P a n e l s  

3.1 , 
P r e s s u r i z e d  
Bare P a n e l s  

3.1.1 
Aluminum 
.016" t h i c k  2024-T3 Alclad  A l u m .  .016" 

2024-T3 Alclad  Alum. .016" 

2024-T3 Alclad  Alum. .016" 

2024-T3 Alclad  Alum. .016" 

3.1.2 
Aluminum 
.020" t h i c k  2024-T3 Alclad  Alum. -020" 

2024-T3 Alclad  Alum. .020" 

None 

None 

None 

None 

None 

Nonc 

30/141 P r e s s u r e  D i f f e r e n t i a l :  

0 p s i  

142 P r e s s u r e  D i f f e r e n t i a l :  
.5 p s i  

5 2 P r e s s u r e  D i f f e r e n t i a l :  
1.0 p s i  

53 P r e s s u r e  D i f f e r e n t i a l :  
1 .5 p s i  

3 1 P r e s s u r e  D i f f e r e n t i a l :  
0 p s i  

5 4 P r e s s u r e  D i f f e r e n t i a l :  
.5 p s i  
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KU/FRL 
G e n e r a l  Nominal  I d e n t i t y  

Group  'IyPe S u b g r o u p  M a t e r i a l  T h i c k n e s s  P a n e l  T r e a t m e n t  Number P a r t i c u l a r s  

T r e a t e d  
P a n e l s  

3 .2  
P r e s s u r i z e d  
S t i f f e n e d  
P a n e l s  

S t e e l  .020" None 

S t e e l  .O2Om None 

S t e e l  .O2Ow None 

3.2.1 
S t i f f e n e d  
Aluminum 2024-T3 R l c l a d  Alum. .025" 

2024-T3 A l c l a d  Alum. .025" 

' 2024-T3 A l c l a d  Alum. .025" 

2024-T3 A l c l a d  Alum. .025" 

3 .2 .2  
S t i f f e n e d  
Aluminum 
w i t h  
T r e a t m e n t  2024-T3 A l c l a d  Alum. ,025" 

2024-T3 A l c l a d  Alum. .025" 

4.1 
S t i f f e n e d  
Aluminum 2024-T3 A l c l a d  Alum. .025"  

2024-T3 A l c l a d  Alum. .025" 

6 0  P r e s s u r e  D i f f e r e n t i a l , :  
.5  p s i  

6 1 P r e s s u r e  D i f f e r e n t i a l  : 
1 .0  p s i  

4  2 - s t i f  f e n e r s  ( s q u a r e d )  40  

4 Z - s t i f  f e n e r s  ( s q u a r e d )  6 3  

4  Z - s t i f f e n e r s  ( s q u a r e d )  6 4  

4  2 - s t i f f e n e r s  ( s q u a r e d )  6 5  

6  2  P r e s s u r e  D i f f e r e n t i a l :  
2.0 p s i  

4  Z-s t i f  f e n e r s  ( s q u a r e d )  6 6  
w i t h  Y-370 i n  t h e  m i d d l e  

4  2-s t i £  f e n e r s  ( s q u a r e d )  67 
w i t h  Y-370 i n  t h e  m i d d l e  

2 s t i f f e n e r s  Z 6 U ( c r o s s e d )  

2  s t i f f e n e r s  Z  6 il ( c r o s s e d )  

P r e s s u r e  D i f f e r e n t i a l :  
0  p s i  

p r e s s u r e  D i f f e r e n t i a l :  
1.0 p s i  

P r e s s u r e  D i f f e r e n t i a l :  
2.0 p s i  

P r e s s u r e  D i f f e r e n t i a l :  
3.0 p s i  

P r e s s u r e  D i f f e r e n t i a l :  
0  p s i  

p r e s s u r e  D i f f e r e n t i a l :  
1  .O p s i  



Genera l  
Group Type Subgroup M a t e r i a l  

Nominal 
Thickness  Pane l  Tceatment 

KU/FRL 
I d e n t i t y  
Number P a r t i c u l a r s  

4.2 
Beaded 
Aluminum 

4.3 
Y-370 
Trea tment  

4.3.1 
Aluminum 
t r e a t e d  
w i t h  Y-370 

4.3.2 
S t i f f e n e d  
Aluminum 
t r e a t e d  
w i t h  Y-370 

2024-T3 Alc lad  Alum. .025" 2 z - s t i f f e n e r s  ( p a r a l l e l )  39 

2024-T3 Alc lad  Alum. .032" None 

2024-T3 Alclad Alum. .032" Beaded 

2024-T3 Alc lad  Alum. .032" 

2024-T3 Alclad Alum. .032" 

2024-T3 Alc lad  Alum. -032" 

2024-T3 Alc lad  Alum. .032" 

2024-T3 Alclad Alum. .025" 

2024-T3 Alc lad  Alum. .025" 

4.3.3 
Honeycomb 
t r e a t e d  
w i t h  Y-370 Honeycomb 

Honeycomb .5OU 

4.4 
LD-400 
t r e a t m e n t  2024-T3 Alc lad  Alum. .032" 

2024-T3 Alclad A l u m .  .032" 

None 3 3 

40% .25" t h i c k  Y-370 4 1 

70% .25" t h i c k  Y-370 4 2 

100% .25" t h i c k  Y-370 4 3 

4 Z - s t i f  f e n e r s  40 

4 Z - s t i f f e n e r s  w i t h  Y-370 
i n  t h e  middle 66 

None 49 

100% .25" t h i c k  Y-370 5 0 

None 

39.5% LD-400 



G e n e r a l  
Group Type Subgroup M a t e r i a l  

Nominal 
Thickness  P a n e l  T r e a t m e n t  

KU/FRL 
I d e n t i t y  
Number P a r t i c u l a r s  . 

2024-T3 Alc lad  Alum. .032" 63.2% Lo-400 

2024-T3 A l c l a d  Alum. .032" 92.2% LD-400 

2024-T3 A l c l a d  Alum. .032" 100% LD-400 

4.5 
Rubber/foam 
IC913 6 IC914 
t r e a t m e n t  

4.5.1 
Rubber/foam 
m a t e r i a l  
t r e a t m e n t  2024-T3 A l c l a d  Alum. .025" 

2024-T3 Alc lad  Alum. .025" 

4.5.2 
IC-9 1 3 
t r e a t m e n t  2024-T3 Alc lad  Alum. .025" 

2024-T3 A l c l a d  Alum. .025" 

None 161 

w i t h  rubber/foam m a t e r i a l  162 

4.5.3 
IC-914 
t r e a t m e n t  2024-T3 Alc lad  Alum. .025" 72% IC 914 

2024-T3 Alc lad  Alum. .025" 100% IC 914 167 

4.6 
IC-998 
t r e a t m e n t  2024-T3 Alc lad  Alum. .032" None 

2024-T3 Alc lad  Alum. 2 x .016" IC 998 i n  between two 68 
Aluminum s h e e t s  

2024-T3 Alc lad  Alum. 2 x .016" 100% IC 998 i n  between 75 
two Aluminum s h e e t s  

4.7 
A-1 3 
t r e a t m e n t  2024-T3 A l c l a d  Alum. .025" 

2024-T3 Alc lad  Alum. .025" 

None 

100% A-13 

1 /8" d i a m e t e r  b e a d s  
a t  45O - 2" a p a r t  

a p p l i e d  r a d i a l l y  on t h e  
p a n e l  



VI 
V) 

r l m  
4  C 
c x  
r l u  

9;  
= 
m " 

n4 

0 

m 
5 
LO 

u u u u Y CI 
c c  

CI u 
d C C 

QI N U  - a  r W b4 a  QI 

5 - 2 5  N r  0 U E m -  4J d U 
0 E w 8 5  d E 

m . l d  . ~ m m   ma c a m  o w m  
m m m  m m m  m m - w  a m - w  q 1 o w  - L l w  

4 E A ;  4 9  4.3  emu)^^ o u  ~l - ~ u  , E 3  4 E 3  e Pd u 



KU/FRL 
Genera l  Nominal I d e n t i t y  

~ r o u p  ~ y p e  Subgroup M a t e r i a l  Thickness  P a n e l  Trea tment  Number P a r t i c u l a r s  

4.11 
Aluminum 
p a n e l s  
w i t h  paper  
Honeycomb 2024-T3 Alc lad  Alum. .032" None 

2024-T3 Alc lad  Alum. .032" .50" t h i c k  paper  
Honeycomb 

2024-T3 Alc lad  Alum. .032" .50" t h i c k  paper  
Honeycomb 6 c o n s t r a i n i n g  
l a y e r  s e l f - a d h e s i v e  
~ l u m i n u m  .008" t h i c k  7 

4.12 
Aluminum 
p a n e l s  w i t h  
f i b e r g l a s s '  2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

Curved 
P a n e l s  

5 .1  
Aluminum 2024-T3 Alc lad  Alum. .016" 

2024-T3 Alc lad  Alum. .016" 

2024-T3 Alclad Alum. .016" 

2024-T3 Alc lad  Alum. .016" 

2024-T3 Alclad Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

None 3 1 

Carney 1" t h i c k  
a b s o r p t i v e  f i b e r g l a s s  6 

100% f i b e r  l a s s  7 (3 .5  l b / f t  ) 9 

100% f i b e r g l a s s  
(6 l b / f t 3 )  8 

None 

None 

None 

None 

None 

None 

None 

206 Bonded; R = 10" 

207 Rive ted ;  R = 10" 

208 Bonded; R = 20" 

209 Rive ted ;  R = 20" 

21 4 Bonded; R = 10" 

21 5 Rive ted ;  R = 10" 

21 6 Bonded; R = 20" 



KU/FRL 
G e n e r a l  Nominal I d e n t i t y  

Group Type Subgroup M a t e r i a l  T h i c k n e s s  P a n e l  Trea tment  Number P a r t i c u l a r s  

2024-T3 Alc lad  Alum. .020" None 21 7 R i v e t e d ;  R  = 20" 

2024-T3 A l c l a d  Alum. .032" None 222 Bonded; R = 10" 

2024-T3 A l c l a d  Alum. .032" None 223 R i v e t e d ;  R = 10" 

2024-T3 Alc lad  Alum. .032" None 224 Bonded; R  = 20" 

2024-T3 A l c l a d  Alum. .032" None 225 Rive ted ;  R  = 20' 

I n c l i n e d  
P a n e l s  

6.1 
Aluminum 2024-T3 Alc lad  Alum. .016" 

2024-T3 Alc lad  Alum. .016" 

2024-T3 Alc lad  Alum. .016" 

2024-T3 A l c l a d  Alum. -016" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .020" 

2024-T3 Alc lad  Alum. .032" 

2024-T3 Alc lad  Alum. .032" 

2024-T3 Alc lad  Alum. .032" 

2024-T3 Alc lad  Alum. .032" 

I n t e r i o r  
P a n e l s  

7.1 
Aluminum 2024-T3 Alc lad  Alum. .025" 

2024-T3 A l c l a d  Alum. -025" 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

.5" foam & l e a t h e r  
c o v e r i n g  

Bonded; a = O0 

R i v e t e d ;  a = O 0  

Bonded; a = 60" 

R i v e t e d ;  a = 60° 

Bonded; a = Oo 

R i v e t e d ;  a = 0' 

Bonded; a = 60' 

R i v e t e d ;  a = 60°  

Bonded; a = O D  

R i v e t e d ;  a = 0" 

Bonded; a = 60° 

R i v e t e d ;  a = 60° 

45% open  

45% open 



G e n e r a l  

Group W p e  Subgroup  M a t e r i a l  

Nominal 
T h i c k n e s s  P a n e l  T r e a t m e n t  

KU/FRL 
I d e n t i t y  
Number P a r t i c u l a r s  

2024-T3 A l c l a d  Alum. .025" C a r p e t  31 3  45% open  

2024-T3 A l c l a d  Alum. .032" ~ l e g e - ~ l e x  t y p e  45 321 

2024-T3 Alc lad  Alum. .032" ST 2052 xlOO5 
damping t r e a t m e n t  322 

2024-T3 Alc lad  Alum. .064" 2  r e c t a n g u l a r  c u t o u t s  
i n  one  s h e e t  345 

2024-T3 Alc lad  Alum. .064" 4 r e c t a n g u l a r  c u t o u t s  
i n  one s h e e t  346 

7.2 
Klege-Ce l l  Klege-Ce l l  t y p e  75 0.25" None 31 5  

Klege-Ce l l  t y p e  75  0.25" .I 25" neoprene  + 
woo 1 c o v e r i n g  

' Klege-Cel l  t y p e  75 .125" None 31 7  

Klege-Ce l l  t y p e  75 .125" .020" R o y a l i t e  c o v e r i n g  318 

Klege-Ce l l  t y p e  7 5  .125" C a r p e t  319 

Klege-Ce l l  t y p e  75  .I 25" .5" foam + l e a t h e r  320 
c o v e r i n g  

7 .3  
R o h a c e l l  R o h a c e l l ,  g r a d e  51 0.25" None 

R o h a c e l l ,  g r a d e  51 0.25" .125" neoprene  t 
woolen c o v e r i n g  

~ o h a c e l l ,  g r a d e  51 0.25" None 347 

two .032" A 1  p a n e l s  
bonded t o g e t h e r  

two .032" A 1  p a n e l s  
bonded t o g e t h e r  

1  l a y e r  of  type  A 
f i b e r g l a s s  b o t h  s i d e s  

1 l a y e r  o f  t y p e  A 
f i g e r g l a s s  b o t h  s i d e s  

1  l a y e r  o f  t y p e  A 
f i b e r g l a s s  b o t h  s i d e s  

1  l a y e r  o f  t y p e  A 
f i b e r g l a s s  b o t h  s i d e s  

1  l a y e r  of t y p e  A 
f i b e r g l a s s  b o t h  s i d e s  

1  l a y e r  of  t y p e  A 
f i b e r g l a s s  b o t h  s i d e s  

1 l a y e r  o f  120 p h e n o l i c  
p r e - p r e g  s k i n  b o t h  s i d e s  

1  l a y e r  o f  120 p h e n o l i c  
p r e - p r e g  s k i n  b o t h  s i d e s  

2  l a y e r s  o f  120 p h e n o l i c  
p r e - p r e g  s k i n  b o t h  s i d e s  



Genera l  
Group Type Subgroup M a t e r i a l  

Nominal 
Thickness  P a n e l  Trea tment  

KU/FRL 
I d e n t i t y  
Number P a r t i c u l a r s  

Composite 
P a n e l s  

R o h a c e l l ,  g r a d e  51 1 2 5 "  None 

Rohace l l ,  g r a d e  51 1 2 5 "  None 

Rohace l l ,  g rade  51 1 2 5 "  C a r p e t  

Rohace l l ,  g r a d e  51 1 2 5 "  - 2 5 "  neoprene + 
l e a t h e r  c o v e r i n g  

7 . 4  
O t h e r s  Lexan .O9Ow None 

Orcofi lm b l a n k e t  .25" None 

Compressed f i b e r g l a s s  . 187"  0 .2"  c a r p e t  

Sound Damp Headl iner  0.125" None 

8 .1  
G r a p h i t e -  
EPOXY Graphite-epoxy . 038"  

Graphi te-epoxy . 049"  

Graphi te-epoxy .O3Ou 

Graphite-epoxy .040" 

Graphi te-epoxy . 029"  

None 

None 

None 

None 

1 S t i f f e n e r  

341 1 l a y e r  of 120  p h e n o l i c  
pre-preg  s k i n  bo th  s i d e s  

342 1 l a y e r  of 120 p h e n o l i c  
pre-preg  s k i n  bo th  s i d e s  

343 1 l a y e r  of 120 p h e n o l i c  
pre-preg  s k i n  bo th  s i d e s  

344 1 l a y e r  of  120 p h e n o l i c '  
p re -preg  s k i n  b o t h  s i d e s  

1005 5 l a y e r s :  
1 .  285 Kevlar  back 

. (mount ing)  
2. PC1 SR-370  Sound Damp 
3. 120  Kevlar/Nomex/ 

1 2 0  Kevlar  
4. ATR 250 u r e t h e n e  

a d h e s i v e  
5.  S c h n e l l e r  7 oz. y i n y l /  

T e d l a r  H e a d l i n e r  Cover 

Layer O r i e n t a t i o n :  

330 45-0-45 
middle  l a y e r  of 
u n i d i r e c t i o n a l  t y p e  



KU/FRL 

General  Nominal I d e n t i t y  

Group Type Subgroup Mate r i a l  Thickness Panel Treatment Number P a r t i c u l a r s  

Graphite-epoxy -029" 2 S t i f f e n e r s  335 45-0-45 

Graphi te-epoxy 
wi th  Nomex core  0.75" None 

Graphi te-epoxy 
with Nomex core  0.75" None 

Graphite-epoxy 
wi th  Nomex core  1 .OO" Soldamp (0.25") 

8 . 2  
Kevlar Kevlar .028" None 

1001 6 p l i e s :  0-90-0 
Cloth  o r i e n t a t i o n :  
45 degrees  

1002 8 p l i e s :  
Cloth  o r i e n t a t i o n :  
45 degrees  

1011 6 p l i e s :  0-90-0 
Cloth  o r i e n t a t i o n :  
45 degrees  

Kevlar .028" None 337 45-0-45 

Kevlar -020" None 338 0-45-0 

Kevlar .029" 1 S t i f f e n e r  339 45-0-45 

Kevlar -029" 2 S t i f f e n e r s  340 45-0-45 

8.3 
F ibe rg l a s s  F ibe rg l a s s  with 

Nomex co re  0.28" None 

F ibe rg l a s s  with 
Nomex core  0.31" None 

1003 0.03" E.A.R. damping 

1004 0.06" E.A.R. damping 

F ibe rg l a s s  0.25" None 1006 FIS MATTE 

Skin Panels  
9.1 
Aluminum 2024-T3 Alclad Alum. .032" One 3" s t i f f e n e r  353 1.53 l b .  

2024-T3 Alclad Alum. .032" One 2" s t i f f e n e r  357 1.53 lb .  

2024-T3 Alclad Alum. .032" One 1 '  s t i f f e n e r  358 1.53 lb .  



KU/FRL 
General Nominal I d e n t i t y  

Group Type Subgroup . ,Mater ia l  Thickness Panel Treatment Number P a r t i c u l a r s  

9 . 2  
Composites Kevlar .029" One 3" s t i f f e n e r  339 0 . 7 0  l b .  

Kevlar .029" Two 3" s t i f f e n e r s  340 0 .85  l b .  

Graphite-epoxy .029" Three 3" s t i f f e n e r s  335 0 . 9 0  l b .  




