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Abstract  

The no ise  t ransmiss ion c h a r a c t e r i s t i c s  of t e s t  
panels and acous t ic  treatments representa t ive  of an 
a i r c r a f t  s idewal l  are exper imenta l ly  i n v e s t i g a t e d  
i n  t h e  NASA Lanalev Research Center t ransmiss ion --, ~~~~ 
. . . . . .. . . -. 
loss apparatus. 
represent  a segment s idewal l  i n  t h e  p r o p e l l e r  plane 
o f  a twin-enqine, turboprop l i g h t  a i r c r a f t .  It i s  

The t e s t  paneis were b u i l t  t o  

shown t h a t  a i  advanced t reatment ,  which uses honey- 
comb f o r  s t r u c t u r a l  s t i f f e n i n g  of s k i n  panels, has 
b e t t e r  no ise t ransmiss ion loss  c h a r a c t e r i s t i c s  than 
a convent ional  treatment. An a l t e r n a t i v e  t r e a t -  
ment, us ing  t h e  concept o f  l i m p  mass and v i b r a t i o n  
i s o l a t i o n ,  prov ides m r e  t ransmiss ion loss than t h e  
advanced t reatment  f o r  t h e  same t o t a l  sur face mass. 
E f f e c t s  on t ransmiss ion loss  o f  a v a r i e t y  of 
a c o u s t i c  t reatment  m a t e r i a l s  (acous t ic  b lankets ,  
septa, damping tape, and t r i m  panels)  are pre-  
sented. 
b e n e f i t  when t h e  o ther  treatment provides a h igh  
l e v e l  of damping. 
a i r c r a f t  i n s t a l l a t i o n s  are shown t o  have low t r a n s -  
miss ion l o s s  r e l a t i v e  t o  a conp le te ly  t r e a t e d  
s i  dewall .  

Damping tape does not p rov ide  a d d i t i o n a l  

Window u n i t s  representa t ive  of 

I n t r o d u c t i o n  

P r o p e l l e r  no ise  t r a n s m i t t e d  through t h e  fuse- 
lage s idewal l  o f  a turboprop a i r c r a f t  i s  a major 
c o n t r i b u t o r  t o  t h e  noise i n  t h e  passenger cabin. 
Conventional s idewal l  acoust ic  treatment has been 
evaluated f o r  a h igh  wing twin-engine turboprop 
a i r c r a f t  f o r  which acoust ic  measurements are a v a i l -  
a b l e  from f l i  h t  t e s t s  as w e l l  as from labora tory  
s i m u l a t i  on.',? F l i g h t  measurements have i n d i c a t e d  
t h a t  i n t e r i o r  no ise l e v e l s  dur ing  standard c r u i s e  
f l i g h t  cond i t ions  are h igh enough t o  r e q u i r e  
inproved s idewal l  treatment. 

An improved acous t ic  treatment, developed 
through t h e o r e t i c a l  a n a l y ~ i s , ~ - ~  has been designed 
t o  lower cabin o v e r a l l  sound pressure l e v e l s  by 
7 dB (A) o r  more conpared w i t h  t h e  conventional 
treatment. Th is  advanced design u t i l i z e s  a combi- 
n a t i o n  o f  honeycomb panels, const ra ined l a y e r  
damping tape, absorp t ive  acoust ic  blankets, and an 
i s o l a t e d  l i m p  t r i m  panel. 
paper i s  t o  evaluate and analyze t h e  noise t r a n s -  
miss ion loss c h a r a c t e r i s t i c s  of t h e  advanced t r e a t -  
ment as compared t o  a conventional treatment and t o  
consider  some a l t e r n a t i v e  no ise  cont ro l  measures. 
The no ise  a t tenuat ion  c h a r a c t e r i s t i c s  of t h e  
i n d i v i d u a l  elements o f  t h e  s idewal l  t reatments are 
sys temat ica l l y  i n v e s t i g a t e d  i n  t h e  NASA Langley 
t ransmiss ion loss  apparatus. 

The purpose o f  t h i s  

Measurements a r e  made 
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a l s o  o f  t h e  t ransmiss ion loss  c o n t r i b u t i o n  of t h e  
window u n i t s  r e l a t i v e  t o  t h e  t o t a l  s idewal l  
s t r u c t u r e .  

Noise Transmission Loss Apparatus 

To exper imenta l ly  e s t a b l i s h  t h e  noise t rans-  
miss ion loss  c h a r a c t e r i s t i c s  of t h e  t e s t  s t r u c t u r e  
and t h e  add-on t reatments,  t h e  a i r c r a f t  s idewal l  
panel i s  mounted as a p a r t i t i o n  between two 
adjacent  reverberant  r o o m  which are  designated 
source and r e c e i v i n g  room. 
t ransmiss ion l o s s  apparatus i s  dep ic ted  i n  Fig. 1. 
I n  t h e  source room which measures 3.35 m by 3.66 m 
by 3.94 m, a d i f f u s e  f i e l d  i s  produced by two 
reference sound power sources t h a t  generate random 
n o i s e  over a wide frequency range. Sound from t h e  
source room i s  t r a n s m i t t e d  i n t o  the r e c e i v i n g  room 
only  by way o f  t h e  t e s t  panel, which has a sound 
exposed area o f  1.15 m by 1.46 m. The t e s t  s t r u c -  
t u r e  i s  accommodated by a s t e e l  and rubber mounting 
frame, which i s  designed f o r  minimum acoust ica l  and 
s t r u c t u r a l  f lank ing.  A space and t ime average of 
the sound pressure l e v e l s  i n  each o f  t h e  r o o m  i s  
acconplished by means o f  a windscreen covered 
microphone mounted a t  t h e  end of a 0.91 m long 
r o t  t i n g  boom which has a r o t a t i o n a l  speed of 
16- revo lu t ions  per  second. The microphones 
conplete two f u l l  r o t a t i o n s  d u r i n g  t h e  32 seconds 
l i n e a r  t i m e  averaging ana lys is  which i s  performed 
by a d i g i t a l  o n e - t h i r d  octave band frequency 
analyzer. 
t e r i s t i c s  of t h e  t e s t  s t r u c t u r e  i n  t e r m  of t rans-  
miss ion loss the "Plate Reference Method" i s  
enployed which i s  described i n  d e t a i l  i n  Refs. 2 
and 6. The measurements presented i n  t h i s  paper 
cover a frequency range extending from t h e  63 Hz 
one- th i rd  octave band up t o  and i n c l u d i n g  t h e  
4000 Hz one- th i rd  octave band. The accuracy of 
the measurements i s  w i t h i n  1.5 dB i n  t h e  very low 
frequency bands (<200 Hz) and w i t h i n  0.5 dB f o r  
t h e  h igher  one- th i rd  octave bands. 

A schematic of t h e  

\I B 

To obta in  the noise reduc t ion  charac- 

Test Panel S t r u c t u r e  

The t e s t  panel s t r u c t u r e  used i n  t h e  labora-  
t o r y  measurements was designed a f t e r  a p a r t  o f  t h e  
fuselage s idewal l  o f  a twin-engine turboprop a i r -  
c r a f t .  
o f f  weight of 5080 kg, a standard cabin layout  f o r  
a p i l o t  and seven passengers and i s  powered by two 
t u r b o  shaf t  engines which are  f l a t  r a t e d  t o  a 
maximum o f  611 kW. The synchrophased, th ree  bladed 
p r o p e l l e r s  incorpora te  s u p e r c c i t i c a l  a i r f o i l  
sect ions and have a fuselaqe clearance of apDrox- 

This h igh wing a i r c r a f t  has a maximum take-  

imate ly  0.14 t imes t h e  prop diameter. 
RPM o f  1500 t h e  blade passage frequency i s  
c a l c u l a t e d  t o  be 7 5  Hz and t h e  t i p  speed 211 m/s. 

For an 
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It can be concluded t h a t  f o r  t h e  t e s t s  and t r e a t e d  
s idewa l l s  discussed here t h e  damping tape p r i i n a r i l y  
adds mass. 

E f f e c t  of  Acoust ic  B lankets  

Porous acous t i c  b lankets  a re  used t o  absorb 
acoust ic  energy. 
t h e  b lanke t  cause mot ion of t h e  f i b e r s  and t h e  a i r  
around the  f i b e r s .  Acoustic energy i s  thus con- 
ver ted i n t o  heat. A t  low frequencies,  f o r  wave- 
lengths g rea te r  than t e n  t imes t h e  th ickness of t h e  
b lanket ,  t h e  acous t i c  b lanke t  w i l l  move as a whole, 
f o l l o w i n g  t h e  movement of t h e  panel t o  which i t  i s  
at tached, and t h e  sound absorpt ion mechanism 
descr ibed above cannot take  place.'' 
l a t i n g  TL a t  these low frequencies i t  i s  the re fo re  
assumed t h a t  t h e  sound a t tenua t ion  by t h e  acoust ic  
b lanke t  i s  zero. Reference 13 presents an empir i -  
c a l  power law approximation f o r  t he  propagat ion 
constant  a which g ives t h e  sound a t t e n u a t i o n  i n  
a s e m i r i g i d  ma te r ia l  per  u n i t  th ickness:  

The sound waves passing through 

For ca lcu-  

where k = 2nf /c  i s  t h e  wavelength constant,  p 
i s  t he  gas densi ty ,  f i s  t he  frequency and it i s  
t h e  f low r e s i s t i v i t y  which i s  4.1 Y lo4 mks r a y l s l m  
f o r  t h e  f i b e r g l a s s  b lankets  (bu lk  dens i t y  of t he  
f i b e r g l a s s  i s  9.5 kg/m3). To i nc lude  t h e  viscous 
and i n e r t i a l  e f fec ts  o f  t he  gas contained i n  a s o f t  
porous m a t e r i a l  an e f f e c t i v e  gas dens i t y ,  as g iven 
i n  Ref. 13, has been used i n  t h e  c a l c u l a t i o n .  The 
approx imat ion i n  equat ion (8) i s  v a l i d  f o r  values 
o f  at > 9 dB, where t i s  t h e  t o t a l  th ickness of 
t h e  b1anket.l' 
3 i n .  (0.076 m) o f  acoust ic  b lankets  1 and i s  shown 
i n  F ig .  15 as a s o l i d  l i n e .  
f a i r e d  between t h e  zero a t tenua t ion  a t  315 Hr and 

A p r e d i c t i o n  has been made f o r  

A smooth curve i s  
~~ ~~ 

t h e  I O  dB t ransmiss ion l o s s  a t ~ 6 3 0  Hz. The TL 
shown by t h e  data f o r  frequencies below 315 Ilz i s  
thought  t o  be due t o  damping o f  t h e  second Struc 
t u r a l  resonance by t h e  acoust ic  b lankets ,  which a re  
pressed t i g h t l y  against  t h e  s k i n  o f  t h e  panel. The 
acoust ic  b lankets  have been compressed i n t o  t h e  
2 i n .  (50.8 mm) depth between t h e  s t i f f e n e r s .  
Reference 9 i n d i c a t e s  the  a v a i l a b i l i t y  of acoust ic  
b lankets  2 w i t h  b e t t e r  sound absorbing p r o p e r t i e s  
a t  t h e  lower frequencies. This ma te r ia l  has been 
t e s t e d  f o r  i t s  TL c h a r a c t e r i s t i c s  and two t h i c k -  
nesses a re  compared w i t h  acoust ic  b lankets  1 i n  
Fig. 15. From t h i s  f i g u r e  i t  can be seen t h a t  a t  
t h e  BPF harmonics acoust ic  b lankets  2 perform 
b e t t e r  i n  terms o f  TL than acoust ic  b lankets  1. 
As they a re  a l s o  more r i g i d ,  they are thought t o  
p rov ide  more damping t o  t h e  subpanels and t h e  
s t ruc tu re .  I n  conclus ion i t  can be s a i d  t h a t  i n  
a d d i t i o n  t o  thermal i n s u l a t i o n ,  t h e  acoust ic  
b lankets  p rov ide  sound absorpt ion,  sound transmis- 
s ion  l oss  and s t r u c t u r a l  damping which shows t h a t  
they are a very impor tant  component fo r  i n t e r i o r  
no ise c o n t r o l .  

E f f e c t  o f  V iny l  Septa and Noise B a r r i e r  

The r o l e  of t h e  v i n y l  septa and t h e  noise 
b a r r i e r  i s  t o  p rov ide  add i t i ona l  t ransmiss ion loss  

i n  a l imp, resonance-free panel. They a l s o  p rov ide  
damping f o r  t h e  s t r u c t u r a l  resonances o f  t h e  s ide -  
wa l l .  Reference 2 descr ibes t h e  b e n e f i c i a l  e f f e c t  
of these noise c o n t r o l  ma te r ia l s  i n  a convent ional  
c o n f i g u r a t i o n  on t h e  TL o f  t h e  s idewa l l  s t ruc tu re .  
Double and t r i p l e  w a l l  resonances might  have an 
adverse e f f e c t  on t h e  TL i n  t h e  lower  frequency 
region. Table 1 prov ides i n fo rma t ion  concerning 
weights and sur face masses. 

v 

E f f e c t  of t h e  Tr im Panel 

Adding a t r i m  panel t o  t h e  bas i c  t reatment  
oackaqe serves the  Duroose of i n t e r i o r  decorat ion.  
b r o t e i t i o n  f o r  t r e a t m i n t  and a i r c r a f t  sk in ,  thermal 
i n s u l a t i o n ,  and acoust ic  a t tenua t ion .  The e f f e c t  
o f  adding a s t i f f  t r i m  panel t o  t h e  convent ional  
t reatment  was discussed i n  Ref. 2 and found t o  be 
o f  l i t t l e  b e n e f i t  i n  terms o f  TL. The advanced 
t reatment  was designed t o  have optimum acous t i c  
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  w i t h  a l i g h t  v i n y l  t r i m  
panel i n s t a l l e d .  F igure 16 shows t h e  e f f e c t  o f  an 
a l t e r n a t i v e  t r i m  panel on t h e  TL o f  t h e  t r e a t e d  
s idewa l l  when compared w i t h  the  l i g h t  v i n y l  t r i m  
panel. The d i f f e r e n t  t r i m  panels a re  descr ibed i n  
terms o f  th ickness,  mass, and sur face mass i n  
Table 1. A t  t h e  BPF and t h e  f i r s t  f i v e  harmonics 
on l y  t h e  heavy v i n y l  t r i m  panel 4 shows an improve- 
ment i n  acous t i c  a t tenuat ion.  However, t h e  
increase i n  TL/mass r a t i o  i s  small a t  these 
frequencies and even shows a decrease f o r  frequen- 
c i e s  h ighe r  than 500 Hz. It can be concluded t h a t  
a l imp t r i m  panel, i s o l a t e d  f rom t h e  s t r u c t u r a l  
members o f  t h e  s idewal l  by an acoust ic  b lanke t ,  i s  
t h e  most e f fect ive.  

A l t e r n a t i v e  Treatments 

I n  t h i s  paper i t  has been shown exper imenta l ly  
t h a t  t he  advanced t reatment  has b e t t e r  TL charac- 
t e r i s t i c s  than t h e  convent ional  t rea tmen t  (Fig. 9) 
e s p e c i a l l y  i n  t h e  frequency reg ion below 500 Hz 
which conta ins t h e  BPF harmonics. A t  t h e  BPF t h e  
f i r s t  s t r u c t u r a l  resonance o f  t h e  t e s t  panel occurs 
and as  t h e  honeycomb t reatment  does no t  p rov ide  as 
much damping as t h e  convent ional  treatment, t he  TL 
f o r  t h e  advanced t reatment  i s  verv low. I n v e s t i -  ~ ~ ~ ~~~ ~~~ ~ ~ ~ 

g a t i ng  t h e  e f f e c t s  o f  t h e  ind iv idGa1 e i e m e n t s ~ o f  
t h e  t reatment  packages i t  appeared t h a t  t h e  honey- 
comb could be replaced by a limp mass and s t i l l  
p rov ide  a t  l e a s t  t h e  same TL. A t  t h e  same time, 
the  l imp mass would g i v e  b e t t e r  damping t o  t h e  
s idewa l l  s t ruc tu re ,  h e l p i n g  t o  get a h ighe r  TL a t  
t he  f i r s t  s t r u c t u r a l  resonance. From a p r a c t i c a l  
p o i n t  o f  view t h i s  would s i m p l i f y  t h e  i n s t a l l a t i o n  
o f  t he  t reatment  tremendously, e s p e c i a l l y  when t h e  
a i r c r a f t  s k i n  i s  s l i g h t l y  curved. It was a l s o  
found t h a t  t h e  damping tape i s  no t  very func t i ona l ,  
as t h e  o t h e r  t reatment  w i l l  p rov ide  s i m i l a r  damping 
c h a r a c t e r i s t i c s .  It has been shown t h a t  t h e  a l t e r -  
n a t i v e  acous t i c  b lanke t  2 g ives h ighe r  TL values 
i n  the  low frequency reg ion and, as i t  i s  more 
r i g i d ,  prov ides b e t t e r  damping p r o p e r t i e s  f o r  t h e  
s t r u c t u r e .  L ightweight  t r i m  panels do not  seem t o  
have a great  e f fecc on t h e  t o t a l  TL of  t h e  s idewa l l  
s t ruc tu re .  For p r a c t i c a l  reasons, a t r i m  panel 
t h a t  can be molded t o  t h e  contours requ i red  i n  t h e  
cabin would be most des i rab le.  I n  Ref. 2 i t  was 
concluded t h a t  h ighes t  TL i s  achieved when a l imp 
mass i s  e i t h e r  d i r e c t l y  a t tached t o  t h e  s k i n  o r  as 
f a r  away from t h e  s k i n  as poss ib le  i n  a double w a l l  

\\ 
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mechanical s t r e n g t h  improves as temperature 
decreases. T r i m  panel 5 cons is ts  o f  compressed 
f i b e r g l a s s  w i t h  a per forated,  t h i n ,  v i n y l  cover 
o f ten used f o r  sound p r o o f i n g  i n  rooms and 
b u i l d i n g s .  

Laboratory  Resul ts  

Advanced and Conventional Treatment Comparisons 

The t ransmiss ion l o s s  o f  t h e  s idewal l  t e s t  
s t r u c t u r e  w i t h  t h e  convent ional  treatment and w i t h  
t h e  advanced t reatment  i s  shown i n  Fig. 9. Also 
i n d i c a t e d  i n  t h i s  f i g u r e  are  the one- th i rd  octave 
bands i n  which t h e  blade passage frequency 
(BPF = 75 Hz) and t h e  f i r s t  f i v e  harmonics occur. 
Highest  e x c i t a t i o n  l e v e l s  a re  experienced f o r  
these frequencies w i t h  t h e  f i r s t  harmonic (160 Hz 
o n e - t h i r d  octave band) be ing most impor tant  f o r  
A-weighted i n t e r i o r  no ise leve l . '  F igure 9 shows 
t h a t  t h e  t ransmiss ion l o s s  (TL) of t h e  advanced 
t reatment  i s  as much as 14 dB h igher  (315 Hz) 
than t h e  TL o f  t h e  conventional treatment, w i t h  an 
average ga in  o f  8 dB a t  t h e  BPF harmonics. A 
surface mass reduc t ion  of 2.25 kg/m2 has been 
obtained, making t h e  advanced treatment super io r  t o  
t h e  convent ional  treatment i n  terms o f  t h e  r a t i o  of 
t ransmiss ion loss  t o  sur face mass. 
disadvantages have t o  be noted. 
t ransmiss ion loss  o f  t h e  s idewal l  w i t h  t h e  advanced 
t reatment  i s  approximately 5 d8 less  than t h e  
t ransmiss ion loss  o f  t h e  s idewal l  w i t h  t h e  conven- 
t i o n a l  t reatment .  Reasons f o r  t h i s  w i l l  be 
examined l a t e r .  Also, t h e  advanced treatment i s  
about 2 inches t h i c k e r  than t h e  conventional t r e a t -  
ment due t o  t h e  use of t h i c k e r  acoust ic  blankets. 
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Two poss ib le  
A t  t h e  BPF t h e  

I n  t h e  f o l l o w i n g  sec t ions  t h e  e f f e c t  o f  each o f  t h e  
elements on t h e  t ransmiss ion loss  o f  t h e  t r e a t e d  
s idewal l  w i l l  be discussed. 

E f f e c t  of Honeycomb Treatment 

High s t i f f n e s s  t o  mass r a t i o  m a t e r i a l s  such 
as honeycomb are  used t o  r a i s e  t h e  fundamental 
frequency of a panel such t h a t  i t  w i l l  no longer  
co inc ide  w i t h  frequencies o f  h ighest  exc i ta -  

I n  add i t ion ,  t reatments such as 
acous t ic  b lankets  a re  more e f f e c t i v e  a t  these 
h igher  frequencies.' The resonance frequencies o f  
each o f  t h e  10 subpanels o f  t h e  s idewal l  s t r u c t u r e  
(F ia .  3) were es tab l i shed i n  Ref. 2 and are  
p r e i e n t e d  i n  Table 2. The resonance frequencies o f  
the whole s t r u c t u r e ,  i n c l u d i n g  the sk in ,  t h e  s t r u c -  
t u r a l  members and t h e  suppor t ing  frame a long w i t h  
t h e  c r i t i c a l  frequency of t h e  aluminum s k i n  are 
a l s o  g iven i n  Table 2. Adhering t h e  honeycomb t o  
t h e  s k i n  makes the area w i t h i n  t h e  boundaries very 
s t i f f  r e l a t i v e  t o  t h e  boundaries themselves (on ly  
aluminum sk in ) .  
assume simply supported edge condi t ions.  
resonance frequency then i s  given by 

It t h e r e f o r e  seems j u s t i f i e d  t o  
The 

where B i s  t h e  bending s t i f f n e s s ,  m i s  t h e  
sur face mass, and a and b are  the (sub) panel 
dimensions. The c r i t i c a l  frequency, which i s  t h e  
lowest frequency a t  which t h e  acoust ic  wavelength 

matches t h e  bending wavelength i n  t h e  panel, i s  
given by 

where c i s  t h e  speed o f  sound i n  a i r .  The 
bending s t i f f n e s s  f o r  a homogeneous panel i s  
de f ined by 

V 

(3)  

where E i s  t h e  e l a s t i c i t y  modulus, t i s  t h e  
th ickness of t h e  panel and Y i s  Poisson's r a t i o ,  
The bending s t i f f n e s s  of t h e  honeycomb panel i s ,  
assuming t h e  core has no f l e x u r a l  r i g i d i t y  

where t l  i s  t h e  th ickness o f  t h e  sk in ,  t? i s  
t h e  th ickness o f  t h e  f a c i n g  p la te ,  and d i s  t h e  
core th ickness.  These formulas have been shown t o  
p rov ide  reasonable agreement w i t h  measured frequen- 
c i e s  o f  honeycomb s t i f f e n e d  anels s i m i l a r  t o  t h e  
panels of t h e  present study.?' The resonance 
frequencies and c r i t i c a l  frequency are  c a l c u l a t e d  
f o r  t h e  honeycomb subpanels and tabulated,  a long 
w i t h  a few experimental values i n  Table 2. 

The t ransmiss ion loss  o f  the bare t e s t  panel 
and t h e  panel w i t h  t h e  honeycomb a p p l i e d  are  
compared i n  F ig .  10. I n  t h e  low frequency reg ion  
(<315 Hz), where t h e  BPF and t h e  s t ronges t  har- 
monies occur, an average increase i n  t ransmiss ion 
l o s s  o f  4 dB i s  observed due t o  t h e  honeycomb 
app l ica t ion .  This increase i n  TL i s  no t  neces- 
s a r i l y  due t o  an increase i n  t h e  s t i f f n e s s  o f  t h e  
panels s ince mass has a l s o  been added. 
gate t h e  mass e f f e c t ,  t h e  TL o f  each panel i s  
compared t o  i t s  mass law TL and t h e  d i f f e r e n c e  i s  
p l o t t e d  i n  Fig. 11. Mass law TL was c a l c u l a t e d  
us ing t h e  s k i n  mass f o r  the bare panel, and t h e  
mass o f  s k i n  and honeycomb f o r  t h e  honeycomb s t i f -  
fened panel. F igure 11 shows t h a t  i n  t h e  frequency 
reg ion a t  and below t h e  315 Hz o n e - t h i r d  octave 
band, the two s idewal l  con f igura t ions  have t h e  same 
d e v i a t i o n  from mass l a w  except f o r  t h e  63 Hz one- 
t h i r d  octave band, which shows a 5 dB l a r g e r  TL f o r  
t h e  honeycomb s t i f f e n e d  panel. 
t h e  same increase i n  TL miaht be achieved bv aoolv-  

\ 

To i n v e s t i -  

Th is  suggests t h a t  
~ r 7  " 

i n g  a ~ l i m p  m a s s ~ t o  t h e  ski; o f  t h e  sidewall". 
ATL f o r  t h e  t e s t  panel w i t h  rubber panels attached 

The 

t o  t h e  s k i n  i s  a l s o  p l o t t e d  i n  F i g .  11. The t e s t  
data i s  taken from Ref. 2. The ATL f o r  the 
rubber t r e a t e d  panel f o l l o w s  mass law much more 
c l o s e l y  a t  frequencies below 315 Hz than does t h e  
ATL f o r  t h e  o ther  two panels. Th is  can be 
expla ined by t h e  damping p r o p e r t i e s  o f  t h e  rubber 
which ra ises  t h e  ATL a t  t h e  second s t r u c t u r a l  
resonance of t h e  s idewal l  p lus  suppor t ing frame 
(200 Hr) up t o  i t s  mass law l e v e l .  
s t r u c t u r a l  resonance (80 Hz) i s  lowered i n  f r e -  
quency (oppos i te  t o  t h e  honeycomb a p p l i c a t i o n )  and 
some damping i s  provided. 
octave band t h e  rubber t r e a t e d  s idewal l  prov ides 

The f i r s t  

A t  t h e  63 Hz one- th i rd  
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t h e  l e a s t  TL o f  t h e  t h r e e  conf igura t ions  but t h i s  
frequency i s  below the BPF of t h e  p r o p e l l e r .  These 
r e s u l t s  i n d i c a t e  t h a t  a t  l e a s t  t h e  same o r  more TL 
can be obta ined w i t h  l i m p  mass a p p l i c a t i o n s  as w i t h  
a honeycomb t r e a t e d  s idewal l  i n  a labora tory  t e s t  
w i t h  a d i f fuse  source sound f i e l d .  
l i k e  behavior  o f  the honeycomb a t  low frequencies 
(<315 Hr) can be expla ined by t h e  hypothesis t h a t  
i t  i s  app l ied  t o  t h e  s idewal l  skin, thus adding 
s t i f f n e s s  t o  t h e  subpanels bu t  not t o  t h e  t o t a l  
s i d e w a l l  panel. 
f i r s t  s t r u c t u r a l  resonance w i l l  occur a t  about t h e  
same frequency and t h e  frequency reg ion above t h e  
f i r s t  s t r u c t u r a l  resonance (80 Hz) w i l l  be mass 
c o n t r o l l e d .  
which i s  below t h e  fundamental resonance frequency 
i n  t h e  s t i f f n e s s  c o n t r o l l e d  region, t h e  honeycomb 
does add s t i f f n e s s  t o  t h e  s idewal l  panel and thus  
r a i s i n g  i t s  TL. 

Previous t e s t s  o f  honeycomb s t i f f e n i n g  used a 
horn no ise  source and an a i r c r a f t  fuselage," and 
showed t h a t  t h e  honeycomb s t i f f e n i n g  prov ided more 
noise a t t e n u a t i o n  than an equal weight of l i m p  
mass, a t  low f requencies (<ZOO H z ) .  The e f f e c t  o f  
honeycomb may be associated w i t h  t h e  nature of t h e  
source f i e l d ,  t h e  dynamics of t h e  s idewal l  s t ruc-  
tu re ,  t h e  method o f  g l u i n g  t h e  honeycomb, o r  t h e  
attachment o f  t h e  honeycomb only  t o  t h e  s k i n  bu t  
not t o  the s t i f f e n i n g  frames. 
governing e f f e c t s  appears t o  be important, i f  t h e  
f u l l  p o t e n t i a l  b e n e f i t s  of honeycomb are t o  be 
rea l i zed .  

The linp mass- - 
As no s t i f f n e s s  i s  added, t h e  

I n  t h e  63 H Z  o n e - t h i r d  octave band, 

Determination o f  t h e  

Refer r ing  again t o  F ig .  10, i t  i s  shown t h a t  
between t h e  315 Hz and t h e  1000 Hz one- th i rd  octave 
bands t h e  TL of t h e  honeycomb t r e a t e d  s idewal l  i s  
l e s s  than t h e  TL of t h e  bare s idewal l  s t r u c t u r e .  
As shown i n  Table 2, t h e  resonances o f  t h e  sub- 
panels of t h e  honeycomb s t i f f e n e d  s idewal l  f a l l  i n  
t h i s  frequency range. The c r i t i c a l  frequency o f  
t h e  honeycomb s t i f f e n e d  panel occurs i n  the 1000 Hz 
o n e - t h i r d  octave band and coincidence resonances 
take  p lace a t  t h i s  and h igher  frequencies as a 
func t ion  o f  t h e  angle o f  sound incidence. 

t h e  frequency reg ion  above 315 Hz a 1.15 m by 
1.45 m uns t i f fened aluminum panel w i t h  t h e  same 
th ickness  as t h e  s idewal l  s k i n  was t r e a t e d  w i t h  t h e  
Same t ype  honeycomb and t e s t e d  i n  t h e  TL apparatus. 
The measured r e s u l t s  a re  shown i n  Fig. 12. The 
f i r s t  two s t r u c t u r a l  resonances now appear t o  occur 
i n  t h e  200 Hz and 400 Hz one- th i rd  octave bands. 
This  would imply t h a t  the honeycomb has s t i f f e n e d  
t h e  bare aluminum panel more e f f e c t i v e l y  than t h e  
combination of frames and honeycomb t r e a t e d  sub- 
panels  found i n  t h e  s idewal l  Dane1 f o r  which t h e  

r-/ 

To i n v e s t i g a t e  t h e  e f f e c t  of t h e  honeycomb i n  

f i r s t  two s t r u c t u r a l  resonancbs were found a t  80 H Z  
and 200 Hz (Table 2, Fig. 10). The t ransmiss ion 
loss c o e f f i c i e n t  of an i n f i n i t e  panel, t a k i n g  i n t o  
account coincidence e f f e c t s ,  i s  given accord ing t o  
Ref. 11 

where t h e  t ransmiss ion l o s s  c o e f f i c i e n t  T i s  a 
func t ion  of t h e  angle o f  sound inc idence a, q i s  
t h e  l o s s  f a c t o r  o f  t h e  panel, w i s  t h e  c i r c u l a r  
frequency and 0 i s  the a i r  dens i ty .  I n t e g r a t i n g  
over a l l  angles o f  sound inc idence up t o  a l i m i t i n g  
ang le  ali y i e l d s  t h e  average t ransmiss ion l o s s  
c o e f f i  c i  en? 

~ ( 8 )  cos e s i n  e de 

cos e s i n  B de 

l i m  la ~ ( 8 )  cos e s i n  e de 

cos e s i n  B de 
JO 

The average t ransmiss ion l o s s  c o e f f i c i e n t  i s  
r e l a t e d  t o  t h e  t ransmiss ion loss by 

Using t h e  sur face mass and bending s t i f f n e s s  equa- 
t i o n  (4 )  of t h e  aluminum/honeycomb combination and 
an est imated loss  f a c t o r  of ,, = 0.015, t h e  TL i s  
p red ic ted  f o r  t h e  1.15 m by 1.46 m panel and 
p l o t t e d  i n  F ig .  12 along w i t h  i t s  mass law. Very 
reasonable agreement between measurement and pre-  
d i c t i o n  i s  obtained. 

The TL of t h e  u n s t i f f e n e d  honeycomb t r e a t e d  
aluminum panel i s  compared w i t h  t h e  honeycomb 
t r e a t e d  a i r c r a f t  s idewal l  panel i n  F ig .  13, where 
t h e  impor tant  resonances are i n d i c a t e d .  The s h i f t  
i n  s t r u c t u r a l  resonances ( s t r u c t u r e  p l u s  suppor t ing 
frame) can e a s i l y  be seen t o  r e s u l t  i n  d i f f e r e n t  TL 
values a t  those frequencies. Between 315 Hz and 
1000 Hz t h e  TL of t h e  honeycomb t r e a t e d  a i r c r a f t  
s i d e w a l l  i s  lower  due t o  t h e  resonances o f  t h e  sub- 
panels. Above t h e  c r i t i c a l  frequency o f  1000 Hz 
b o t h  TL curves are  very c lose  and thus can be 
favorably  compared w i t h  t h e  p r e d i c t i o n s  o f  t h e  
bas ic  theory.  

E f f e c t  o f  Damping Tape 

The purpose o f  the damping tape i s  t o  suppress 
t h e  damping c o n t r o l l e d  resonant s t r u c t u r a l  v i b r a -  
t i o n s  o f  t h e  s idewal l  s t r u c t u r e  and thus  t o  prevent  
r e r a d i a t i o n  o f  noise on the r e c e i v e r  s ide.  It has 
been shown i n  Ref. 2 t h a t  damping tape 1, when 
app l ied  d i r e c t l y  t o  the subpanels o f  t h e  s t r u c t u r e ,  
w i l l  e f f e c t i v e l y  damp v i b r a t i o n a l  resonances except 
f o r  t h e  f i r s t  s t r u c t u r a l  resonance o f  t h e  e n t i r e  
s t r u c t u r e .  The t ransmiss ion l o s s  curve o f  t h e  
s idewal l  s t r u c t u r e  fo l lows t h e  mass law of t h e  
t o t a l  sur face mass o f  the s k i n  and t h e  damping 
tape. F igure  14 shows t h a t  when damping tape 2 i s  
a p p l i e d  t o  t h e  honeycomb t r e a t e d  s idewal l ,  damping 
i s  prov ided f o r  t h e  second s t r u c t u r a l  resonance 
(200 Hz), t h e  subpanel resonances between 315 Hz 
and 1000 Hz and coincidence resonances above 
1000 Hz. The e f fec t  of t h e  damping tape a t  t h e  BPF 
and t h e  f i r s t  f i v e  harmonics, however, i s  minimal. 
Apply ing damping tape 2 t o  t h e  s t r u c t u r a l  s t i f f e n e r  
members o f  t h e  s idewal l  d i d  no t  a l t e r  t h e  t o t a l  
damping nor  t h e  t ransmiss ion loss. 
a l s o  i n d i c a t e d  t h a t  app ly ing  damping tape 2 on 
a s idewal l  w i t h  other  acous t ic  t reatment  does 
no t  have a b e n e f i c i a l  e f fec t  when damping i s  
a l ready prov ided by t h e  o t h e r  t reatment  conponents. 

Measurements 
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It can be concluded t h a t  f o r  t h e  t e s t s  and t r e a t e d  
s idewa l l s  discussed here t h e  damping tape p r i i n a r i l y  
adds mass. 

E f f e c t  of  Acoust ic  B lankets  

Porous acous t i c  b lankets  a re  used t o  absorb 
acoust ic  energy. 
t h e  b lanke t  cause mot ion of t h e  f i b e r s  and t h e  a i r  
around the  f i b e r s .  Acoustic energy i s  thus con- 
ver ted i n t o  heat. A t  low frequencies,  f o r  wave- 
lengths g rea te r  than t e n  t imes t h e  th ickness of t h e  
b lanket ,  t h e  acous t i c  b lanke t  w i l l  move as a whole, 
f o l l o w i n g  t h e  movement of t h e  panel t o  which i t  i s  
at tached, and t h e  sound absorpt ion mechanism 
descr ibed above cannot take  place.'' 
l a t i n g  TL a t  these low frequencies i t  i s  the re fo re  
assumed t h a t  t h e  sound a t tenua t ion  by t h e  acoust ic  
b lanke t  i s  zero. Reference 13 presents an empir i -  
c a l  power law approximation f o r  t he  propagat ion 
constant  a which g ives t h e  sound a t t e n u a t i o n  i n  
a s e m i r i g i d  ma te r ia l  per  u n i t  th ickness:  

The sound waves passing through 

For ca lcu-  

where k = 2nf /c  i s  t h e  wavelength constant,  p 
i s  t he  gas densi ty ,  f i s  t he  frequency and it i s  
t h e  f low r e s i s t i v i t y  which i s  4.1 Y lo4 mks r a y l s l m  
f o r  t h e  f i b e r g l a s s  b lankets  (bu lk  dens i t y  of t he  
f i b e r g l a s s  i s  9.5 kg/m3). To i nc lude  t h e  viscous 
and i n e r t i a l  e f fec ts  o f  t he  gas contained i n  a s o f t  
porous m a t e r i a l  an e f f e c t i v e  gas dens i t y ,  as g iven 
i n  Ref. 13, has been used i n  t h e  c a l c u l a t i o n .  The 
approx imat ion i n  equat ion (8) i s  v a l i d  f o r  values 
o f  at > 9 dB, where t i s  t h e  t o t a l  th ickness of 
t h e  b1anket.l' 
3 i n .  (0.076 m) o f  acoust ic  b lankets  1 and i s  shown 
i n  F ig .  15 as a s o l i d  l i n e .  
f a i r e d  between t h e  zero a t tenua t ion  a t  315 Hr and 

A p r e d i c t i o n  has been made f o r  

A smooth curve i s  
~~ ~~ 

t h e  I O  dB t ransmiss ion l o s s  a t ~ 6 3 0  Hz. The TL 
shown by t h e  data f o r  frequencies below 315 Ilz i s  
thought  t o  be due t o  damping o f  t h e  second Struc 
t u r a l  resonance by t h e  acoust ic  b lankets ,  which a re  
pressed t i g h t l y  against  t h e  s k i n  o f  t h e  panel. The 
acoust ic  b lankets  have been compressed i n t o  t h e  
2 i n .  (50.8 mm) depth between t h e  s t i f f e n e r s .  
Reference 9 i n d i c a t e s  the  a v a i l a b i l i t y  of acoust ic  
b lankets  2 w i t h  b e t t e r  sound absorbing p r o p e r t i e s  
a t  t h e  lower frequencies. This ma te r ia l  has been 
t e s t e d  f o r  i t s  TL c h a r a c t e r i s t i c s  and two t h i c k -  
nesses a re  compared w i t h  acoust ic  b lankets  1 i n  
Fig. 15. From t h i s  f i g u r e  i t  can be seen t h a t  a t  
t h e  BPF harmonics acoust ic  b lankets  2 perform 
b e t t e r  i n  terms o f  TL than acoust ic  b lankets  1. 
As they a re  a l s o  more r i g i d ,  they are thought t o  
p rov ide  more damping t o  t h e  subpanels and t h e  
s t ruc tu re .  I n  conclus ion i t  can be s a i d  t h a t  i n  
a d d i t i o n  t o  thermal i n s u l a t i o n ,  t h e  acoust ic  
b lankets  p rov ide  sound absorpt ion,  sound transmis- 
s ion  l oss  and s t r u c t u r a l  damping which shows t h a t  
they are a very impor tant  component fo r  i n t e r i o r  
no ise c o n t r o l .  

E f f e c t  o f  V iny l  Septa and Noise B a r r i e r  

The r o l e  of t h e  v i n y l  septa and t h e  noise 
b a r r i e r  i s  t o  p rov ide  add i t i ona l  t ransmiss ion loss  

i n  a l imp, resonance-free panel. They a l s o  p rov ide  
damping f o r  t h e  s t r u c t u r a l  resonances o f  t h e  s ide -  
wa l l .  Reference 2 descr ibes t h e  b e n e f i c i a l  e f f e c t  
of these noise c o n t r o l  ma te r ia l s  i n  a convent ional  
c o n f i g u r a t i o n  on t h e  TL o f  t h e  s idewa l l  s t ruc tu re .  
Double and t r i p l e  w a l l  resonances might  have an 
adverse e f f e c t  on t h e  TL i n  t h e  lower  frequency 
region. Table 1 prov ides i n fo rma t ion  concerning 
weights and sur face masses. 

v 

E f f e c t  of t h e  Tr im Panel 

Adding a t r i m  panel t o  t h e  bas i c  t reatment  
oackaqe serves the  Duroose of i n t e r i o r  decorat ion.  
b r o t e i t i o n  f o r  t r e a t m i n t  and a i r c r a f t  sk in ,  thermal 
i n s u l a t i o n ,  and acoust ic  a t tenua t ion .  The e f f e c t  
o f  adding a s t i f f  t r i m  panel t o  t h e  convent ional  
t reatment  was discussed i n  Ref. 2 and found t o  be 
o f  l i t t l e  b e n e f i t  i n  terms o f  TL. The advanced 
t reatment  was designed t o  have optimum acous t i c  
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  w i t h  a l i g h t  v i n y l  t r i m  
panel i n s t a l l e d .  F igure 16 shows t h e  e f f e c t  o f  an 
a l t e r n a t i v e  t r i m  panel on t h e  TL o f  t h e  t r e a t e d  
s idewa l l  when compared w i t h  the  l i g h t  v i n y l  t r i m  
panel. The d i f f e r e n t  t r i m  panels a re  descr ibed i n  
terms o f  th ickness,  mass, and sur face mass i n  
Table 1. A t  t h e  BPF and t h e  f i r s t  f i v e  harmonics 
on l y  t h e  heavy v i n y l  t r i m  panel 4 shows an improve- 
ment i n  acous t i c  a t tenuat ion.  However, t h e  
increase i n  TL/mass r a t i o  i s  small a t  these 
frequencies and even shows a decrease f o r  frequen- 
c i e s  h ighe r  than 500 Hz. It can be concluded t h a t  
a l imp t r i m  panel, i s o l a t e d  f rom t h e  s t r u c t u r a l  
members o f  t h e  s idewal l  by an acoust ic  b lanke t ,  i s  
t h e  most e f fect ive.  

A l t e r n a t i v e  Treatments 

I n  t h i s  paper i t  has been shown exper imenta l ly  
t h a t  t he  advanced t reatment  has b e t t e r  TL charac- 
t e r i s t i c s  than t h e  convent ional  t rea tmen t  (Fig. 9) 
e s p e c i a l l y  i n  t h e  frequency reg ion below 500 Hz 
which conta ins t h e  BPF harmonics. A t  t h e  BPF t h e  
f i r s t  s t r u c t u r a l  resonance o f  t h e  t e s t  panel occurs 
and as  t h e  honeycomb t reatment  does no t  p rov ide  as 
much damping as t h e  convent ional  treatment, t he  TL 
f o r  t h e  advanced t reatment  i s  verv low. I n v e s t i -  ~ ~ ~ ~~~ ~~~ ~ ~ ~ 

g a t i ng  t h e  e f f e c t s  o f  t h e  ind iv idGa1 e i e m e n t s ~ o f  
t h e  t reatment  packages i t  appeared t h a t  t h e  honey- 
comb could be replaced by a limp mass and s t i l l  
p rov ide  a t  l e a s t  t h e  same TL. A t  t h e  same time, 
the  l imp mass would g i v e  b e t t e r  damping t o  t h e  
s idewa l l  s t ruc tu re ,  h e l p i n g  t o  get a h ighe r  TL a t  
t he  f i r s t  s t r u c t u r a l  resonance. From a p r a c t i c a l  
p o i n t  o f  view t h i s  would s i m p l i f y  t h e  i n s t a l l a t i o n  
o f  t he  t reatment  tremendously, e s p e c i a l l y  when t h e  
a i r c r a f t  s k i n  i s  s l i g h t l y  curved. It was a l s o  
found t h a t  t h e  damping tape i s  no t  very func t i ona l ,  
as t h e  o t h e r  t reatment  w i l l  p rov ide  s i m i l a r  damping 
c h a r a c t e r i s t i c s .  It has been shown t h a t  t h e  a l t e r -  
n a t i v e  acous t i c  b lanke t  2 g ives h ighe r  TL values 
i n  the  low frequency reg ion and, as i t  i s  more 
r i g i d ,  prov ides b e t t e r  damping p r o p e r t i e s  f o r  t h e  
s t r u c t u r e .  L ightweight  t r i m  panels do not  seem t o  
have a great  e f fecc on t h e  t o t a l  TL of  t h e  s idewa l l  
s t ruc tu re .  For p r a c t i c a l  reasons, a t r i m  panel 
t h a t  can be molded t o  t h e  contours requ i red  i n  t h e  
cabin would be most des i rab le.  I n  Ref. 2 i t  was 
concluded t h a t  h ighes t  TL i s  achieved when a l imp 
mass i s  e i t h e r  d i r e c t l y  a t tached t o  t h e  s k i n  o r  as 
f a r  away from t h e  s k i n  as poss ib le  i n  a double w a l l  

\\ 
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conf igura t ion .  Taking a l l  these considerat ions 
i n t o  account. two a l t e r n a t i v e  treatment oackaoes ~~ ~ ~~ .. 
were designeh, t e s t e d  i n  t h e  TL apparatu i ,  a n c i ~ ~  
compared w i t h  t h e  TL r e s u l t s  of t h e  advanced 
t reatment  i n  F i g .  17. The t o t a l  sur face mass o f  
t h e  a l t e r n a t i v e  treatments and advanced treatment 
a r e  about t h e  same and t h e  elements a re  given i n  

ment 1 (9.7 kg/m2) g ives an improvement i n  TL o f  
1.5 dB t o  8 dB over t h e  advanced treatment a t  t h e  
BPF and i t s  f i r s t  f i v e  harmonics. The a d d i t i o n  o f  
mass r a t h e r  than s t i f f n e s s  ( l i k e  t h e  honeycomb) 
s h i f t s  t h e  f i r s t  s t r u c t u r a l  resonance down t o  t h e  
63 Hz o n e - t h i r d  octave band which i s  below t h e  
BPF. 
absorpt ion,  t ransmiss ion loss,  and i s o l a t i o n  o f  
t h e  t r i m  panels. 
prov ide mass and t h e  second t r i m  panel has some 
r i g i d i t y  so  i t  can be molded t o  t h e  requirements 
and necess i t ies  i n  t h e  cabin. A comparison of t h i s  
a l t e r n a t i v e  t reatment  and t h e  advanced treatment 
w i t h  t h e  TL f o r  the bare s idewal l  panel i s  depic ted 
i n  Fig. 18. 

W Fig. 17. Th is  f i g u r e  shows t h a t  a l t e r n a t i v e  t r e a t -  

The two acous t ic  b lankets  2 prov ide damping, 

The f i r s t  t r i m  panel i s  l i m p  t o  

Windows 

I n s t a l l a t i o n  of t h e  double pane windows i n  t h e  
bare s idewal l  s t r u c t u r e  increases t h e  TL as t h e  TL 
o f  t h e  windows i s  h igher  than t h e  TL of t h e  
aluminum sk in .  
The window u n i t s  dampen t h e  s t r u c t u r a l  resonances 
of the bare s idewal l ,  so t h a t  t h e  increase i n  TL i s  
g rea tes t  i n  t h e  100 Hz and 200 Hz one- th i rd  octave 
bands. Although t h e  windows increase the bare 
s idewal l  TL, i n s t a l l a t i o n  of t h e  window u n i t s  i n  a 
t r e a t e d  s idewal l  has t h e  opposi te  e f fec t .  This i s  
p i c t u r e d  i n  F ig .  20 f o r  two d i f f e r e n t  s idewal l  
treatments. To determine t h e  e f f e c t  o f  windows on 
t h e  s idewal l  TL, t h e  windows were l e f t  uncovered i n  
one t e s t  and were covered w i t h  two layers  of heavy 
no ise  b a r r i e r  mater ia l  i n  another. Although 
d i f ferences for  covered and uncovered windows are  
r e l a t i v e l y  small  ( 4  dB) improvements i n  window 
design might be des i rab le .  Window TL can be 
inproved i n  a number of ways i n c l u d i n g  t h e  use o f  
t h i c k e r  and/or curved panes, d i f f e r e n t  d is tances 
between panes, smal le r  windows, v i b r a t i o n  i s o l a -  
t i o n ,  Helmholtz resonators, and depressur iza t ion  of 
t h e  a i r  i n  between t h e  panes.2,4,14-17 

This i s  i l l u s t r a t e d  i n  Fig. 19. 

-/ 

Conclusions 

The n o i s e  t ransmiss ion loss c h a r a c t e r i s t i c s  
of an a i r c r a f t  t e s t  panel hav ing conventional, 
advanced and two a l t e r n a t i v e  s idewal l  treatments 
were exper imenta l l y  inves t iga ted .  
the h ighest  e x c i t a t i o n  l e v e l s  a re  generated a t  t h e  
p r o p e l l e r  b lade passage frequency (75 Hz) and i t s  
f i r s t  f i v e  harmonics d e f i n i n g  a frequency range o f  
i n t e r e s t  from t h e  80 HZ up t o  and i n c l u d i n g  t h e  
500 HZ one- th i rd  octave band. From the r e s u l t s  of 
t h e  no ise  t ransmiss ion l o s s  t e s t  discussed i n  t h i s  
paper the f o l l o w i n g  conclusions can be der ived:  

(1) Honeycomb s t i f f e n i n g  o f  t h e  s k i n  panels r a i s e d  
t h e  subDane1 resonance freauencies. but t h e  

For t h e  a i r c r a f t  

increase of TL assoc iated w i t h  honeycomb 
i n s t a l l a t i a n  was c lose  t o  t h e  increase 
p r e d i c t e d  by mass law f o r  i n s t a l l a t i o n  o f  

(2)  Damping tape provides l i t t l e  b e n e f i c i a l  e f fec ts  
when combined w i t h  o ther  t reatments t h a t  
p rov ide  damping. 

(3)  Highest t ransmiss ion l o s s  i s  achieved by 
a t t a c h i n g  a l i m p  mass d i r e c t l y  t o  the s k i n  o r  
l o c a t i n g  i t  as f a r  away from t h e  panel as 
poss ib le  i n  a double w a l l  c o n f i g u r a t i o n .  

acoust ic  b lankets ,  s o f t  t r i m  panel and s t i f f  
t r i m  panel performed b e t t e r  than t h e  o ther  
treatments i n  terms of no ise t ransmiss ion loss.  

( 4 )  An a l t e r n a t i v e  t reatment ,  c o n s i s t i n g  of 

( 5 )  Windows prov ide  e x t r a  t ransmiss ion l o s s  f o r  a 
bare s idewal l  but represent  a sound leak when 
i n s t a l l e d  i n  a conp le te ly  t r e a t e d  s idewal l .  

The behavior o f  t h e  honeycomb observed i n  these 
t e s t s  i s  thought t o  be associated w i t h  t h e  app l ica-  
t i o n  o f  t h e  honeycomb d i r e c t l y  t o  t h e  s k i n  w i thout  
extending i t  t o  t h e  framework. Improved low 
frequency t ransmiss ion l o s s  might be obta ined by 
r i g i d l y  c o u p l i n g  t h e  s t r u c t u r a l  frames o f  the s ide-  
w a l l  t o  t h e  honeycomb on t h e  sk in .  Th is  i s  recom- 
mended f o r  f u r t h e r  i n v e s t i g a t i o n .  The a l t e r n a t i v e  
treatment may be more p r a c t i c a l  than t h e  advanced 
t reatment  as no honeycomb panels have t o  be perma- 
n e n t l y  adhered t o  the sk in ,  which i s  e s p e c i a l l y  
d i f f i c u l t  when t h e  s k i n  i s  curved. The acous t ic  
b lankets  and s o f t  t r i m  panel p rov ide  v i b r a t i o n  
i s o l a t i o n  and t h e  s t i f f  t r i m  panel can be molded 
t o  t h e  s p e c i f i c a t i o n s  o f  t h e  a i r c r a f t  cabin. 
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Table 1. Thickness, mass, and surface mass of t h e  elements used i n  
no ise  t ransmiss ion  loss  tes ts .  

Surface ass Y Thickness Mass 
Component (mm) (kg) (kg/m ) 

Bare s idewal l  s t r u c t u r e  N I A  18.43 N/A 

Skin 1.61 N/A 4.66 

Honeycomb 28.2 4.32 3.31 

Damping tape 1 
Damping tape 2 

Acoust ic b lanket  1 
Acoust ic b lanket  2 

V iny l  septum 1 
V iny l  septum 2 
V iny l  septum 3 

6.35 2.01 1.54 
.40 1.51 1.16 

25.4 
76.2 

1.02 
. G I  

2.78 

.40 
3.00 

2.89 
2.21 
8.97 

.24 
1.92 

1.79 
1.37 
4.88 

Rubber mass 6.35 12.68 8.13 

Noise b a r r i e r  8.26 9.21 4.96 

T r im  panel 1 
Tr im panel 2 
T r i m  panel 3 
Tr im panel 4 
Tr im panel 5 

Conventional t reatment 
Advanced treatment 
A l t e r n a t i v e  t reatment 1 
A l t e r n a t i v e  t reatment 2 

87.9 20.1 11.9 
129.1 16.3 9.6 
133.4 16.4 9.7 
130.8 16.9 10.0 

L 
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Table 2. Resonance frequencies o f  the bare and honeycomb treated s idewall  structure.  

Bare sidewall  Honeycomb treated sidewall  

Structure conponent Experimental Theoretical (Eqs. (1) + ( 4 ) )  Experimental 

sidewall structure 
Subpanel A 
subpanel E 
subpanel C 
subpanel D 
quboanel E 

subpanel K 
Subpanel L 
c r i t i c a l  frequency 

92 and 185 

140 
140 
141 
142 
125 

7865 

307 
1036 
307 
635 
985 
767 
968 

1002 
756 
561 

1115 
(Eqs. (2 )  + ( 4 ) )  

330 

734 

TOD View 

Access Doors Door 
Side View 

Sidewll lest Section 

1 I 
Prop Plane Rear Bulkhead Front Bulkhead 

Fig. 2 Location of the sidewall test sec- 
tion on the fuselage of the light 
twin-engine turboprop. 

Dimensions in m Sound Source 

Fig. 1 Schematic of noi-se transmission 
loss apparatus. 

151.1 ~ 

. ... 
Oimrnrianl in tm I 

Fig. 3 Engineering drawing of the test 
structure. 
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Fig.  6 Elemen t s  of t h e  c o n v e n t i o n a l  
t r e a t m e n t  package. 

Fig.  4 Components of t h e  l a b o r a t o r y  
d o u b l e  pane  window u n i t .  

Fig.  7 E l e m e n t s  of t h e  advanced t rea t -  
m e n t  package. 

Fig.  5 S i d e w a l l  test p a n e l  as viewed 
from t h e  source room. 

F ig .  8 S i d e w a l l  t es t  p a n e l  showing p a r -  
t i a l  f i b e r g l a s s  t r e a t m e n t  ( v i e w  
from t h e  r e c e i v i n g  room) .  

9 



u c o n v e n t i o n a l  Treatment 

Damping Tape 
Amst t ic  Rlenket 1 

v 

4 

. - ~  
Vinyl  Septum 1 
Acoustic Blanket 1 
Viny l  Septum 2 

r Noise Barr ier  

A Advanced Treatment Loss, dB - 
Honeycomb 
Acoustic Blanket 7 
Acoustic Blanket 2 

Il" 

Tr im Panel 1 
19.Mkg/m21 

Blade Passage Frequency 
A+Five Harmonics 

I til+ 
I I I I  1 1 1 ' 1 1 ' 1 1  ' I h ' I  

0 63 125 250 5W 1wO 2wO 4wo 
one-Third octave Band Center Frequency, Hr 

t i o n a l  and advanced t r e a t m e n t  ap-  
p l i e d  t o  t h e  s i d e w a l l  tes t  p a n e l .  

F ig .  9 T r a n s m i s s i o n  loss of t h e  conven- 

4o r &are Sidewall 
-&Honeycomb Treated Sidewall 

Transmission 
toss,  dB 20 

Crit ical Frequency 

10 

63 125 250 500 1wO 2wO 4W 
One-Third [ lctave Band Center Frequency, HZ 

Fig. 10 T r a n s m i s s i o n  loss of t h e  b a r e  
s i d e w a l l  t es t  p a n e l  and t h e  
honeycomb t r e a t e d  s i d e w a l l .  

___- mss Law 
-Predicted l q=  ,015 I 
0 Measured 

50 

40 
Transmission 

30 

20 

10 
I Structura l  Resonances 

63 125 250 5 W  1wO 2wO 4w0 
OLI ' ' i ' ' ~ ' ' ~ ' ' ~ ' ' ' ' ' ~  

One-Third Octave Band Center Frequency, Hz 

honeycomb t r e a t e d  aluminum p a n e l  
compared w i t h  t h e o r e t i c a l  p r e d i c -  
t i o n  and mass l a w .  

F ig .  I 2  Measured t r a n s m i s s i o n  loss ot 

i 0 Honeycomb Treated A luminum 
1 --A--Honeycomb Treated Sidewall 

-Mass Law Honeycomb Treated A luminum 

Transmission 40 / 
Loss, dB 

20 
Crit ical Frequency - 

10 X'Subpanel Resonances lsidewall  I 

t , , , /  , , I , , I  
~ 

OL " , I , '  
63 125 250 500 1wO Z w O  4000 

One-Third Odave Band Center Frequency, Hz 

Fio .  1 3  T r a n s m i s s i o n  loss  o t  honevcomb - 
2 t r e a t e d  aluminum and honeycomb -0- Bare Sidewall 4.66 k d m  

- a . ~ B a r e t R u b b e r  4.66+8.13kg/m t r e a t e d  s i d e w a l l  p a n e l .  
A Bare +Honeycomb 4.66 + 3.31 kg lm 

10 

63 125 250 5W 1WO 2OW 4WO 

A Transmission 
l o s s ,  dB 0 
IMeasured - 
Theoretical 
Mass Law) -10 

-20 

0 o o o o o  0 0 0 0 0 0 0 0 0  

-I0 Q3 ' ' A' ' &  '5;' 'zdoo' ' 4 A  

Loss ,dB  0 oo 0 0  
ITreated -Bare l  

$ + + + + BPF+t!drmonics t A Transmission 

One-Third Octave Band Center Frequency, Hz 

One-Third Octave Band Center Frequency, HZ Fig .  1 4  D i f f e r e n c e  between t r a n s m i s s i o n  

Fig .  11 D i f t e r e n c e  between measured t r e a t e d  w i t h  damping t a p e  2 and 
loss ot t h e  honeycomb s i d e w a l l  

t r a n s m i s s i o n  loss and mass l a w  t h e  b a r e  honeycomb s i d e w a l l .  
f o r  t h e  b a r e ,  r u b b e r  t r e a t e d  and 
honeycomb t r e a t e d  s i d e w a l l s .  

/ 
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50 

40 

ATransmission 30 
Loss ,  dB 
ITreated-Bare i 

20 

10 

0 

A Acoustic Blanket 2 1.152 m) 
o Acoustic Blanket 2 1.076 m) 
0 Acoustic Blanket 1 1.076 mi  

-Prediction for Acoustic Blanket 1 1.076 ml  

BPFt  Harmonics A A A A A A  

63 125 250 5W 1OW 20W 4030 
One-Third Octave Band Center Frequency, Hr 

Fig. 15 Measured and predicted trans- 
mission loss of acoustic blan- 
ket 1 and transmission loss tor  
two thicknesses of acoustic 
blanket 2 .  

2 & T r i m  Panel 5 1.87 kg/m2 
- - A - - T r i m  Panel 4 1.28 k g 1 9  

10 0 Tr im Panel 2 4.88 k g i m  
A Transmission 

toss ,  dB 
(Alternative 
Tr im-Tr im1 i 

-20 
63 125 250 5W 1wO 2000 4000 
One-Third Octave Band Center Frequency, HZ 

Fig. 16 Difference between transmission 
loss of three alternative trim 
panels and light vinyl trim 
panel 1. 

9.7 k g l m  
-0 Acoustic Blanket 2 

Acoustic Blanket 2 
LimpTrim Panel 2 
S t i f f ' l r i m  Panel 3 

30 r 
A Vinyl  Septum 3 

10.0 kgl mz Acoustic Blanket 2 
Acoustic Blanket 2 
Stiff Tr im Panel 4 

A Transmission 
toss ,  d B  10 
(Alternative- 
Advanced) 

63 125 250 5W 1003 2wO 4oW 
One-Third Octave Band Center Frequency. HI 

Pig. 1 7  Ditference between transmission 

O I  -10 

loss of two alternatlve treat- 
ments and the advanced treatment 
package ( 9 . 6  kg/m2). 

30 

2C 

ATransmission 
toss ,  dB 10 
(Treated -Bare) 

0 

-10 

2 A Alternative Treatment 1 9.7 k g l m  
+Advanced Treatment 9.6 k g l m  

1 J 1 1 1 J BPF +Harmonics 
l I , 1 , 1 1 ~ 1 1 1 1 1 1 1 1 1 1 l  

63 125 250 503 1wO 2wO 4w0 
One-Third octave Band Center Frequency, Hz 

Fig. 18 Difference between transmission 
loss of alternative treatment 1 
and advanced treatment packages. 

zo[  10 0 

ATransmission 
Loss, dB oooooooooooooooo 
I nstalled-Barei 

-lo t 
L -20 23 ' ' 1:5 ' ' 2 h  ' 5 k  ' ' l&'  '2&' '4dW 

One-Third Octave Band Center Frequency, HI 

Fig. 1 9  Difference between transmission 
loss of the bare sidewall panel 
with and without the window 
units installed. 

L., 

A Rubber Panel 
Acoustic Blanket 1 
Acoustic Blanket 1 

Acoustic Blanket 1 
Acoustic Blanket 1 

+Conventional Treatment 
Without Tr im Panel 

Loss, dB 0 

-Windows Covered) 

ATransmission 

-I0 I 
63 125 250 5W 1wO 2000 4MXI 
One-Third Octave Band Center Frequency, Hz 

Fig. 2 U  Ditference between transmission 
loss with and without the windows 
covered for two acoustic treat- 
ments on the sidewall panel. 
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