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A b s t r a c t  

T h i s  paper  d e s c r i b e s  a s tudy  o f  t h e  c a b i n  
a c o u s t i c s  o f  a F a i r c h i l d  M e r l i n  I V C  t w i n - e n g i n e  
p r o p e l l e r  a i r p l a n e .  Wasurements o f  t h e  i n t e r i o r  
sound f i e l d  were o b t a i n e d  a t  s i x  l o c a t i o n s  i n s i d e  
b o t h  an u n t r e a t e d  "green"  a i r p l a n e  and a 
c o m p l e t e l y  f i n i s h e d  a i r p l a n e  wh ich  c o n t a i n e d  t h e  
manufac turers  e x e c u t i v e  t r i m  c o n f i g u r a t i o n .  
Several f l i g h t  c o n d i t i o n s  were t e s t e d ,  i n c l u d i n g  
d i f f e r e n t  a l t i t u d e s ,  e n g i n e  power s e t t i n g s ,  and 
c a b i n  Dressures. A o n e - t h i r d  o c t a v e  band a n a l v s i s  
was a p p l i e d  t o  t h e  d a t a  s o  t h a t  t h e  dBA and S r i  
we igh ted  n o i s e  measures, and t h e  OASPL, c o u l d  be 
determined f o r  each t e s t  c o n d i t i o n  and microphone 
p o s i t i o n .  
f requency,  w h i c h  dominate  t h e  l o w  f requency n o i s e  
spectrum, were examined u s i n g  a narrouhand 
a n a l y s i s  o f  t h e  data.  
as t h e  r e d u c t i o n  o f  i n t e r i o r  n o i s e  l e v e l s  t h a t  
o c c u r s  a f t e r  t h e  a d d i t i o n  o f  some a c o u s t i c a l  
t rea tment ,  was c a l c u l a t e d  f r o m  t h e  r e s u l t s  o f  t h e  
two a i r p l a n e  f l i g h t s .  
v a r i e d  w i d e l y  depending on many f a c t o r s ,  such as, 
p o s i t i o n  i n  t h e  cabin,  b l a d e  passage harmonic 
nunber, c a b i n  p ressure ,  and e n g i n e  to rque.  The 
space averaged sound p r e s s u r e  l e v e l s ,  de termined 
f o r  s p e c i f i c  t e s t  c o n d i t i o n s  o f  t h e  t r e a t e d  
a i r p l a n e ,  were found t o  b e  i n  good agreement w i t h  
p r e d i c t i o n s  from t h e  P r o p e l l e r  A i r c r a f t  I n t e r i o r  
N o i s e  (PAIN) model deve loped by L. D. Pope. 

The harmonics o f  t h e  b l a d e  passage 

The i n s e r t i o n  l o s s ,  d e f i n e d  

These i n s e r t i o n  l o s s  va lues  

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

The p r e d i c t i o n ,  measurement, and c o n t r o l  o f  t h e  
n o i s e  l e v e l s  i n s i d e  c u r r e n t l y  a v a i l a b l e  p r o p e l l e r  
a i r c r a f t  can p r o v i d e  v a l u a b l e  i n f o r m a t i o n  f o r  use  
i n  i n t e r i o r  n o i s e  p r e d i c t i o n  methods o f  new 
a i r c r a f t .  e s o e c i a l l v  t h e  Drooosed f u e l  e f f i c i e n t  

I ,  

high-speed tu rboprob.  P r o p e i l e r  genera ted  n o i s e  
t r a n s m i t t e d  t h r o u g h  t h e  f u s e l a g e  s i d n u a l l  i s  a 
ma jor  c o n t r i b u t o r  t o  t h e  i n t e r i o r  n o i s e  l e v e l s  o f  
t w i n - e n g i n e  t u r b o p r o p  a i r c r a f t .  
spect rum o f  t h i s  n o i s e  i s  dominated by t h e  
fundamental and harmonics o f  t h e  b l a d e  passage 
frequency. The p r o p e l l e r  source  n o i s e ,  a c o u s t i c  
t r a n s m i s s i o n  paths,  and i n t e r i o r  a b s o r p t i o n  
c h a r a c t e r i s t i c s ,  rmst  a l l  be c o n t r o l l e d  i n  o r d e r  
t o  reduce t h e  i n t e r i o r  n o i s e  t o  l e v e l s  t h a t  meet 
passenger acceptance c r i t e r i a .  

The many f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  sound 
f i e l d  i n s i d e  p r o p e l l e r  a i r c r a f t  have l e d  t o  exten-  
s i v e  research  d i r e c t e d  t o w a r d  i d e n t i f y i n g  and 

The low f requency 

.~ 
improv ing  techn iques  f o r  i n t e r i o r  n o i s e  
r e d u c t i o n .  T h e o r e t i c a l  methods have been d e v r -  
l o p e d  t h a t  p r e d i c t - t h e  n o i s e  genera ted  by h i y h -  
speed p r o p e l l e r s ' , L  and exper iments  have been 
per fo rmed t o  v e r i f y  t h e s e  p r e d i c t i o n  methods 
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as w e l l  as t o  examine t h e  d i s t r i b u t i o n  o f  t h e  
e x t e r i o r  sound f i e l d  on t h e  fuselage.' s3 h e  
t r a n s m i s s i o n  o f  n o i s e  t h r o u g h  v a r i o u s  t y p e s  o f  
a i r c r a f t  pane ls  has been s t u d i e d  a n a l y t i c a l l y  and 
experiment all^.^-^ I n  a d d i t i o n ,  some research  has 
been under taken t o  b e t t e r  unders tand t h e  n o i s e  
t h a t  i s  t r a n m i t t e d  and r a d i a t e d  i n t o  t h e  c a b i n  by 
s t r u c t u r e b o r n e  F i n a l l y ,  t h e  
i n t e r i o r  n o i s e  f i e l d  i t s e l f  has been measured and 
t h e  i n s e r t i o n  l o s s  o f  v a r i o u s  s i d e w a l l  a c o u s t i c a l  
t r e a t m e n t  c o n f i g u r a t i o n s  has been c a l c u l a t e d  f o r  
b o t h  ground and f l i g h t  

The purpose o f  t h i s  paper  i s  t o  p r e s e n t  t h e  
r e s u l t s  o f  i n t e r i o r  n o i s e  measurements o f  a 
F a i r c h i l d  M e r l i n  I V C  t w i n - e n g i n e  a i r p l a n e ,  
i n - f l i g h t .  
board an u n t r e a t e d  "green"  a i r p l a n e  ( b a r e  w a l l s  
w i t h  some f i b e r g l a s s  i n s u l a t i o n  m a t e r i a l ) .  
second s e t  o f  measurements was t a k e n  on board  a 
completed M e r l i n  I V C ,  w h i c h  c o n t a i n e d  t h e  manu- 
f a c t u r e r s  e x e c u t i v e  t r i m  c o n f i g u r a t i o n .  The d a t a  
were ana lyzed i n  b o t h  narrowband and o n e - t h i r d  
oc tave  formats sw t h a t  t h e  harmonics o f  t h e  b l a d e  
passage f requency c o u l d  b e  examined, and we igh ted  
n o i s e  measures, such as dBA and SIL ,  c o u l d  b e  
c a l c u l a t e d .  Some o f  t h e  r e s u l t s  p r e s e n t e d  h e r e  
w i l l  emphasize t h e  spect rum o f  t h e  i n t e r i o r  n o i s e  
i n  terms o f  t h e  a c t u a l  measured sound p r e s s u r e  
l e v e l s  o f  each t e s t  a i r p l a n e  under  a v a r i e t y  o f  
o p e r a t i n g  c o n d i t i o n s .  I n  o r d e r  t o  f o c u s  a t t e n t i o n  
d i r e c t l y  on t h e  added a c o u s t i c a l  t r e a t m e n t  ( t r i m  
c o n f i g u r a t i o n ) ,  some o f  t h e  r e s u l t s  w i l l  b e  
p resented  i n  terms o f  i n s e r t i o n  l o s s ,  d e f i n e d  a s  
t h e  r e d u c t i o n  o f  i n t e r i o r  n o i s e  l e v e l s  caused by 
t h e  a d d i t i o n  o f  some a c o u s t i c a l  t r e a t m e n t .  

a?e s e t  o f  measurements was t a k e n  on 

A 

W 

Exper imenta l  Procedure 

A i r c r a f t  D e s c r i p t i o n  

The F a i r c h i l d  M e r l i n  I V C  used i n  t h i s  s t u d y  has a 
maximum t a k e o f f  w e i g h t  o f  6350 kg and can 
accommodate e leven passengers. 
lo00 SHP t u r b o s h a f t  eng ines  d r i v e s  a four -b laded 
p r o p e l l e r  t h a t  i s  2.7 m i n  d i a m e t e r  and has a 17  
cm t i p  c l e a r a n c e  f rom t h e  f u s e l a g e  s i d e w a l l .  
fundamental b l a d e  passage f requency  was 105 HZ 
because t h e  eng ine  rpn was s e t  a t  97% th roughout  
t h i s  s tudy.  

The sound f i e l d  i n s i d e  t h e  c a b i n  was measured 
under  two d i f f e r e n t  s i d e w a l l  a c o u s t i c  t r e a t m e n t  
c o n f i g u r a t i o n s .  The i n t e r i o r  of t h e  u n t r e a t e d  
"green"  a i r p l a n e  was b a r e  e x c e p t  f o r  t h o s e  i tems 
r e q u i r e d  t o  s a t i s f y  s a f e t y  r e g u l a t i o n s .  h e r e  
were no t r i m  panels, b u t  t h e  s i d e w a l l s  were 
covered w i t h  f i b e r g l a s s  m a t e r i a l  i n  o r d e r  t o  
p r o v i d e  s u f f i c i e n t  thermal  i n s u l a t i o n .  There was 
no c a r p e t i n g  and o n l y  f o u r  passenger s e a t s  ( f o r  
t h e  t e c h n i c a l  s t a f f ) .  

Each o f  t h e  two 

The 



I n  c o n t r a s t  f o . t h e  u n t r e a t e d  a i r p l a n e ,  t h e  
c o m p l e t e l y  f i n i s h e d  v e r s i o n  was q u i t e  l u x u r i o u s .  
T h i s  "execut ive"  i n t e r i o r  i n c l u d e d  t h e  manu- 

7 

7 

f a c t u r e r s  s tandard  s i d e w a l l  t r i m  c o n f i g u r a t i o n ,  
c a r p e t ,  l e a t h e r  u p h o l s t e r e d  seats ,  and a 
re f reshment lenter ta inment  c e n t e r  t h a t  c o n t a i n e d  

1700 

1700 

food s t o r a g e  and p r e p a r a t i o n  f a c i l i t i e s  as w e l l  as 
t e l e v i s i o n  and s t e r e o  equipment. 
t r i m  c o n s i s t e d  o f  0.05 m o f  bagged f i b e r g l a s s  and 
a t r i m  panel  o f  sandwich c o n s t r u c t i o n .  The c o r e  
o f  t h e  sandv ich  had c l o s e d  c e l l s  made from b lended 
p l a s t i c  r e s i n s  and f a c i n g s  o f  l a m i n a t e d  
f i b e r g l a s s .  The s u r f a c e  mass o f  t h e  t r i m  was 1.95 
kg/m . 

The s i d e w a l l  
'- 
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17 
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F l i g h t  C o n d i t i o n s  and I n s t r u m e n t a t i o n  

1700 

1700 

1700 

Weather c o n d i t i o n s  were v e r y  s i m i l a r  on t h e  two 
days t h a t  t h e  f l i g h t  t e s t s  were  performed. The 
a i r  tempera ture  was w i t h i n  lo C a t  each o f  t h e  
t h r e e  a l t i t u d e s  t h a t  i n t e r i o r  n o i s e  l e v e l s  were 
recorded. The sky was c l e a r  and no s i g n i f i c a n t  
rough a i r  was encountered  d u r i n g  t h e  d a t a  
record ing .  

The i n t e r i o r  n o i s e  f i e l d  was measured w i t h  s i x  
h a l f - i n c h  condenser microphones p o s i t i o n e d  i n s i d e  
t h e  a i r p l a n e  as i l l u s t r a t e d  i n  F i g u r e  1. 
microphones were suspended f r o m  t h e  c e i l i n g  
(clamped t o  t h e  exposed r i n g  frames i n  t h e  
u n t r e a t e d  a i r p l a n e ,  t a p e d  t o  t h e  c e i l i n g  t r i m  i n  
t h e  t r e a t e d  a i r p l a n e )  so t h a t  t h e  sound f i e l d  
c o u l d  be measured a t  t y p i c a l  passenger  e a r  
l e v e l s .  There was no a p p r e c i a b l e  sway o f  t h e  
microphones d u r i n g  f l i g h t .  The i n t e r i o r  n o i s e  was 
recorded on h i g h  q u a l i t y  AM r e c o r d e r s  f o r  many 
d i f f e r e n t  f l i g h t  c o n d i t i o n s  i n c l u d i n g  changes i n  
a l t i t u d e ,  eng ine  power s e t t i n g s ,  and c a b i n  
p ressures .  Tab le  1 shows t h e  o p e r a t i n g  c o n d i t i o n s  
f o r  t h e  f l i g h t  t e s t s  p r e s e n t e d  i n  t h i s  paper. 

Microphone l o c a t i o n s  7 and 8, i n d i c a t e d  by t h e  
diamonds i n  F i g u r e  1, were s e l e c t e d  f o r  h a d s w e p t  
space average measurements o f  t h e  i n t e r i o r  n o i s e  
f i e l d .  The microphone sweep p a t h  i s  shown i n  

The 

u 

F i g u r e  2. 
phones 5 and 6, f o r  r u n s  6, 7, and 8 o f  t h e  
t r e a t e d  a i r p l a n e  on ly ,  and were used f o r  

The sweep d a t a  were c o l l e c t e d  by m i c r o -  

T a b l e  1. F l i g h t  
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comparison w i t h  t h e  P r o p e l l e r  A i r c r a f t  I n t e r i o r  
Noise (PAIN) p r e d i c t i o n  model." 
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F i o .  1.- Microohone l o c a t i o n s  r e l a t i v e  t o  s e a t i n q  
~~ 

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

F ig .  2.- Microphone sweep p a t h  f o r .  hdn0-swept 
space averaged i n t e r i o r  n o i c e  neasure- 
ments a t  l o c a t i o n s  7 and 8 (about  15  
s e d c i r c u i t ,  t r a v e r s e d  t w i c e ) .  

e r a t i o n  c o n d i t i o n s  f o r  u n t r e a t e d  and t r e a t e d  M e r l i n  I V C  a i r o l a n e .  
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Data A n a l y s i s  

The t a p e  recorded i n t e r i o r  n o i s e  d a t a  were reduced 
i n  t h e  l a b o r a t o r y  u s i n g  c o m m e r c i a l l y  a v a i l a b l e  
o n e - t h i r d  o c t a v e  and narrowband spectrum 
ana lvzers .  One- th i rd  o c t a v e  a n a l v s i s  covered t h e  
f re iuency  range from 50 HZ t o  2 0 , i o o  HZ and waq 
used t o  de termine t h e  o v e r a l l  sound p r e s s u r e  l e v e l  
(OASPL), t h e  A-weighted sound p r e s s u r e  l e v e l  
(dBA), and t h e  speech i n t e r f e r e n c e  l e v e l  (SIL) .  A 
narrowband a n a l y s i s  was per formed o v e r  t h e  
f requency range from 20 H r  t o  2000 Hz w i t h  a 5 Hz 
n o i s e  b a n h i d t h .  A t y p i c a l  narrowband a n a l y s i s  
c o n s i s t e d  o f  an average o f  64 s e p a r a t e  Fast  
F o u r i e r  T r a n s f o r m  t a k e n  o v e r  16 seconds. F i g u r e s  
3 and 4 i l l u s t r a t e  t h e  narrowband r e s u l t s  o f  t h e  
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F i g .  3.- Narrowband s p e c t r a l  a n a l y s i s  o f  sound 
f i e l d  a t  microphone 2 under  t h e  f l i g h t  
c o n d i t i o n s  o f  r u n  1 ( u n t r e a t e d  a i r p l a n e ) .  
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F ig .  4.- Narrowband s p e c t r a l  a n a l y s i s  o f  sound 
f i e l d  a t  microphone 2 under  t h e  f l i g h t  
c o n d i t i o n s  o f  r u n  1 ( t r e a t e d  a i r p l a n e ) .  

u n t r e a t e d  and t r e a t e d  M e r l i n  I V C  a t  microphone 
p o s i t i o n  2 under  t h e  f l i g h t  c o n d i t i o n s  o f  Run #I 
(see  Tab le  1). It i s  c l e a r  from t h e s e  f i g u r e s  
t h a t  t h e  harmonics o f  t h e  b l a d e  passage f requency  
(105 Hz, 210 Hz, 315 Hz, ... ) dominate t h e  l o w  
f requency n o i s e  s p e c t r a .  

D i s c u s s i o n  o f  R e s u l t s  W 

There a r e  t h r e e  d i f f e r e n t  approaches t o  t h e  
a n a l y s i s  o f  t h e  i n t e r i o r  n o i s e  d a t a  t h a t  w i l l  b e  
d iscussed i n  t h e  f o l l o w i n g  paragraphs. f i r s t ,  t h e  
e f f e c t  o f  t h e  added a c o u s t i c a l  t r e a t m e n t  on t h e  
i n t e r i o r  n o i s e  l e v e l s  w i l l  be examined by s t u d y i n g  
t h e  i n s e r t i o n  l o s s  v a l u e s  c a l c u l a t e d  f r o m  
measurements t a k e n  from each a i r p l a n e .  Next, t h e  
e f f e c t s  o f  d i f f e r e n t  f l i g h t  o p e r a t i o n  c o n d i t i o n s  
on t h e  i n t e r i o r  n o i s e  w i l l  be conpared u s i n g  t h e  
a c t u a l  measured sound p r e s s u r e  l e v e l s .  F i n a l l y ,  
t h e  d a t a  o b t a i n e d  f rom s p e c i f i c  f l i g h t  t e s t s  w i l l  
be compared t o  and used t o  v a l i d a t e  r e c e n t  
a n a l y t i c a l  methods t h a t  p r e d i c t  t h e  i n t e r i o r  n o i s e  
o f  p r o p e l l e r  a i r c r a f t .  The a n a l y s i s  o f  t h e  f l i g h t  
t e s t  d a t a  w i l l  c o n c e n t r a t e  on t h e  harmonics o f  t h e  
b l a d e  passage f requency ( o r  b l a d e  passage 
harmonics, BPH), which dominate  t h e  l o w  f requency  
i n t e r i o r  n o i s e  l e v e l s  o f  t h i s  a i r p l a n e .  

E f f e c t  o f  T r i m  on l n t e r i o r  Noise 

The i n s e r t i o n  l o s s  o f  t h e  t r e a t e d  a i r p l a n e  
r e l a t i v e  t o  t h e  u n t r e a t e d  a i r p l a n e  was c a l c u l a t e d  
u s i n g  t h e  narrowband a n a l y s i s  o f  t h e  two a i r p l a n e  
f l i g h t  t e s t s .  The i n s e r t i o n  l o s s  i s  a f u n c t i o n  o f  
frequency, microphone p o s i t i o n  i n  t h e  cabin,  
f l i g h t  o p e r a t i n g  c o n d i t i o n s ,  and a c o u s t i c a l  
t rea tment .  A p o s i t i v e  i n s e r t i o n  l o s s  i n d i c a t e s  a 
r e d u c t i o n  i n  t h e  i n t e r i o r  n o i s e ,  b u t  n e g a t i v e  
i n s e r t i o n  l o s s  va lues  a r e  a l s o  p o s s i b l e ,  as w i l l  
be shown. 

F igures  5 and 6 i l l u s t r a t e  t h e  v a r i a t i o n  o f  t h e  
i n s e r t i o n  l o s s  w i t h  mic rophone p o s i t i o n  f o r  r u n s  
3, 4, and 5. AS i n d i c a t e d  i n  Table 1, t h e  c a b i n  
p r e s s u r e  d i f f e r e n t i a l  ( i n s i d e  t o  o u t s i d e )  i s  t h e  
parameter t h a t  i s  v a r i e d  f o r  t h e s e  runs.  h e  
a c t u a l  c a b i n  p r e s s u r e  ( g i v e n  on t h e  f i g u r e s )  f o r  
runs 3, 4, and 5 i s  14.7 p s i ,  12.2 p s i ,  and 9.5 
p s i ,  r e s p e c t i v e l y .  F i g u r e  5 shows t h e  v a r i a t i o n  
of t h e  f i r s t  harmonic o f  t h e  b l a d e  passage 
frequency (BPH1 o r  fundamental:  
F i g u r e  6 shows t h e  v a r i a t i o n  o f  b l a d e  passage 
harmonic two (BPH2: 210 Hz). 

A few i m p o r t a n t  i tems o f  i n t e r e s t  shou ld  b e  
emphasized zbout  t h e s e  f i g u r e s .  F i r s t ,  t h e  
r e s u l t s  f o r  each o f  t h e  t h r e e  c a b i n  
p r e s s u r i z a t i o n s  f o l l o w  t h e  same genera l  t r e n d .  
The shapes o f  each f i g u r e  a r e  d i f f e r e n t  because 
i n s e r t i o n  l o s s  v a r i e s  as a f u n c t i o n  o f  frequency. 
The sinal1 amount o f  i n s e r t i o n  l o s s  a t  microphone 1 
i s  p robab ly  due t o  t h e  f a c t  t h a t  l i t t l e  a d d i t i o n a l  
t r e a t m e n t  was o r e s e n t  i n  t h e  c o c k o i t  o f  t h e  

v 

105 Hz) w h i l e  

t r e a t e d  a i r p l a n e  so  t h a t  i n t e r i o r ' n o i s e  l e v e l s  a t  
t h a t  l o c a t i o n  d i d  n o t  change much between 
a i r p l a n e s .  The n e g a t i v e  i n s e r t i o n  l o s s  a t  
microphone 3 f o r  BPHl ( F i g u r e  5) can a l s o  b e  
exp la ined.  The t r e a t e d  a i r p l a n e  had two 
a d d i t i o n a l  windows i n  t h e  p r o p e l l e r  p l a n e  on  t h e  
p o r t  s ide.  These windows p r o v i d e d  much l e s s  
t r a n s m i s s i o n  l o s s  t h a n  t h e  a luminun pane ls  and 
f i b e r g l a s s  o f  t h e  u n t r e a t e d  a i r p l a n e .  m e r e f o r e ,  
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F i g .  5.- I n s e r t i o n  l o s s  o f  t h e  fundamental b l a d e  
passage f requency  ( 1 0 5  Hz) a t  t h e  s i x  
microphone l o c a t i o n s  f o r  t h r e e  d i f f e r e n t  
c a b i n  p ressures .  
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F i g .  6.- I n s e r t i o n  l o s s  o f  t h e  second b l a d e  
passage harmonic  (210 HI) a t  t h e  s i x  
microphone l o c a t i o n s  f o r  t h r e e  d i f f e r e n t  
c a b i n  p ressures .  

t h e  f i r s t  b l a d e  passage harmonic  had a h i g h e r  
i n t e r i o r  n o i s e  l e v e l  a t  microphone 3 o f  t h e  
t r e a t e d  a i r p l a n e ,  y i e l d i n g  a n e g a t i v e  i n s e r t i o n  
l o s s .  I n  genera l ,  i t  i s  f e l t  t h a t  t h e  v a r i a b i l i t y  
between r u n s  (? 4 dB)  was reasonab le  f o r  t h i s  t y p e  
o f  t e s t .  The l a r g e  v a r i a t i o n  a t  microphone 6 f o r  
BPH2 ( F i g u r e  6) may be due t o  an  o v e r s i g h t  o f  t h e  
t e c h n i c a l  s t a f f  t h a t  l e f t  t h e  r e a r  bu lkhead 
p a r t i a l l y  open d u r i n g  f l i g h t  t e s t s  o f  t h e  t r e a t e d  
a i r p l a n e .  

Whereas F igures  5 and 6 g i v e  t h e  i n s e r t i o n  loss O f  

a s i n g l e  frequency as a f u n c t i o n  o f  p o s i t i o n ,  t h e  
space averaged i n s e r t i o n  l o s s  as a f u n c t i o n  o f  
b l a d e  passage harmonic, a s  shown i n  F i g u r e  7, i s  
a l s o  i n f o r m a t i v e .  The i n s e r t i o n  l o s s  o f  t h e  OASPL 
and f i r s t  f i v e  b l a d e  passage harmonics were numer- 

i c a l l y  averaged o v e r  t h e  s i x  microphone p o s i t i o n s  
and p l o t t e d  f o r  each o f  t h e  s i x  f l i g h t  t e s t s .  The 
t r e n d  o f  t h e  f i g u r e  i s  s i m i l a r  f o r  each o f  t h e  s i x  
runs and t h e  v a r i a t i o n  between runs  i s  w i t h i n  
reason. As expected, t h e  i n s e r t i o n  l o s s  tends  t o  
i n c r e a s e  as t h e  f requency  i n c r e a s e s  because t h e  
added a c o u s t i c a l  t r e a t m e n t  i s  inore e f f e c t i v e  a t  
h i g h e r  f requencies.  
(420 H z )  may be due t o  a d d i t i o n a l  n o i s e  a t  t h a t  
f requency generated by t h e  e x t r a  e l e c t r o n i c  
a m e n i t i e s  i n  t h e  t r e a t e d  a i r o l a n e .  

The l a r g e  v a r i a t i o n  o f  BPH4 
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F ig .  7.- V a r i a t i o n  o f  t h e  space averaged i n s e r t i o n  
l o s s  as a f u n c t i o n  o f  o v e r a l l  S P L  and B P H  
f o r  t h e  s i x  f l i g h t  c o n d i t i o n s  t e s t e d .  

E f f e c t  o f  F l i g h t  C o n d i t i o n s  on I n t e r i o r  No ise  

The e f f e c t s  of two f l i g h t  o p e r a t i o n  c o n d i t i o n s ,  
c a b i n  p ressure  and eng ine  t o r q u e ,  on t h e  i n t e r i o r  
n o i s e  o f  t h e  t r e a t e d  and u n t r e a t e d  a i r p l a n e s  a r e  
shown i n  F igures  8-10. The symbols on these 
f i g u r e s  r e p r e s e n t  s p a t i a l  eneryy averages o f  t h e  
o v e r a l l  sound pressure  l e v e l  (OASPL)  and t h e  
measured sound p r e s s u r e  l e v e l s  o f  t h e  f i r s t  f i v e  
b l a d e  passage harmonics ( B P H 1 - 8 P H 5 ) .  These 
averages were c a l c u l a t e d  by sunming c o r r e s p o n d i n g  
l e v e l s  over  t h e  s i x  microphone p o s i t i o n s ,  as 
determined f rom t h e  narrowband s p e c t r a l  a n a l y s i s .  
The connect ing  l i n e s  do n o t  i n d i c a t e  c a l c u l a t e d  o r  
ineasured broadband n o i s e  l e v e l s ;  t h e y  mere ly  
connect  common d a t a  p o i n t s .  

F iuures  8 and 9 show an i n c r e a s i n a  t r e n d  o f  t h e  
i n i e r i o r  sound p r e s s u r e  l e v e l  as a f u n c t i o n  o f  
c a b i n  p r e s s u r e  ( runs 3, 4, and 5: a c t u a l  c a b i n  
p r e s s u r e  i s  14.7 ps i ,  12.2 p s i ,  and 9.5 p s i ,  
r e s p e c t i v e l y ) .  
u n t r e a t e d  a i r o l a n e  ( F i u u r e  8 )  and t h e  t r e a t e d  

Th is  t r e n d  i s  apparent  i n  b o t h  t h e  

a i r p l a n e  ( F i g u r e  9 ) ;  a i t h o u g h  t h e  a b s o l u t e  n o i s e  
l e v e l s  d i f f e r  because o f  t h e  d i f f e r e n t  
t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  two s i d e w a l l  
c o n f i g u r a t i o n s .  In  genera l ,  one wou ld  expect  t h a t  
i n c r e a s i n g  t h e  pressure  i n  t h e  c a b i n  would s t i f f e n  
t h e  fuse lage s t r u c t u r e ,  t h e r e b y  r e d u c i n g  t h e  
amount o f  n o i s e  t r a n s m i t t e d  t o  t h e  i n t e r i o r .  I n  
t h i s  a i r p l a n e ,  however, t h e  s i d e w a l l  c o n s t r u c t i o n  
i s  a l r e a d y  very  s t i f f ,  so t h a t  changes i n  t h e  
c a b i n  p r e s s u r e  do n o t  s i g n i f i c a n t l y  a l t e r  t h e  
t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  fuse lage.  
s l i g h t  i n c r e a s e  i n  sound p r e s s u r e  l e v e l s  shown i n  
F igures  8 and 9 may be caused by t h e  d i f f e r e n t  

The 
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c h a r a c t e r i s t i c  a c o u s t i c  impedances r e s u l t i n y  from 
t h e  d i f f e r e n t  c a b i n  p ressures .  
o v e r a l l  sound p r e s s u r e  l e v e l  (ORSPL) i s  dominated 
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dB 

80 

70 

by t h e  f i r s t  b lade passage harmonic f o r  b o t h  t h e  
u n t r e a t e d  and t r e a t e d  a i r p l a n e s .  
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Fig.  8.- Space averaged SPL measured on u n t r e a t e d  
a i r p l a n e  a t  d i f f e r e n t  c a b i n  p ressures .  
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F i g .  9.- Space averaged SPL ineasured on t r e a t e d  
a i r p l a n e  a t  d i f f e r e n t  c a b i n  p ressures .  

F i g u r e  10 i l l u s t r a t e s  t h e  i n c r e a s e  i n  i n t e r i o r  
n o i s e  l e v e l s  a s s o c i a t e d  w i t h  i n c r e a s e s  i n  eng ine  
t o r q u e  f o r  t h e  t r e a t e d  a i r p l a n e  ( runs  8, 7, and 
6 ) .  It i s  l i k e l y  t h a t  t h e  a d d i t i o n a l  n o i s e  
t r a n s m i t t e d  t o  t h e  c a b i n  i n t e r i o r  a t  t h e  h i g h e r  
t o r q u e  s e t t i n g s  i s  caused by i n c r e a s e d  p r o p e l l e r  
l o a d i n g  n o i s e  and p o s s i b l y  by inc reased v i b r a t i o n  
and s t r u c t u r e b o r n e  noise.  Again, n o t e  t h a t  t h e  
lowest  b l a d e  passage harmonic  (BPH1) dominates t h e  
o v e r a l l  n o i s e  l e v e l .  These r e s u l t s  were used f o r  
comparison and v a l i d a t i o n  o f  an i n t e r i o r  n o i s e  
p r e d i c t i o n  model, b r i e f l y  d e s c r i b e d  nex t .  

OASPL 0 
BPHl  0 
BPHZ 0 
BPH3 A 
BPH4 b 

w 
BPHS D 

L I  I I I I I 
50 60 70 80 ' 40 Torque sening 

Fig.  10.- Space averaged SPL measured on t r e a t e d  
a i r p l a n e  a t  d i f f e r e n t  e n g i n e  t o r q u e  
s e t t i n g s .  

Comparison o f  F l i g h t  R e s u l t s  t o  T h e o r e t i c a l  
P r e d i c t i o n  Model 

A computer program, e n t i t l e d  P A I N  (an a c r o n y r  f o r  
P r o p e l l e r  A i r c r a f t  I n t e r i o r  Noise) ,  has been 
aeveloped f o r  p r e d i F t i n g  t h e s o u n d  l e v e l s  i n s i d e  
p r o p e l l e r  d r i v e n  a i r c r a f t . I 6  P A I N  can c a l c u l a t e  
t h e  space average sound p r e s s u r e  l e v e l s  i n  t h e  
c a b i n  space a t  t h e  b l a d e  passage f requency and i t s  
harmonics. The P A I N  model i s  v e r y  comprehensive; 
i t  t a k e s  i n t o  account  t h r e e  i m p o r t a n t  parameters 
which i n f l u e n c e  t h e  sound f i e l d  i n s i d e  t h e  c a b i n .  
F i r s t ,  t h e  a n a l y s i s  r e q u i r e s  a p r e c i s e  d e s c r i p t i o n  
o f  t h e  p r o p e l l e r  n o i s e  ( p r e s s u r e  f i e l d )  on t h e  
fuse lage sk in .  
c a l c u l a t e d  u s i n g  a p r o p e l l e r  n o i s e  p r e d i c t i o n  
program, such as PROPFAN17 o r  NASA ANOPP ( A i r c r a f t  

s t r u c t u r a l  modal p r o p e r t i e s  (mode shapes and 
resonance f r e q u e n c i e s )  mrs t  be determined f o r  a 
fuse lage s t r u c t u r e  t h a t  i n c l u d e s  a r i n g s t r i n g e r  
s t i f f e n e d  c a b i n  s h e l l ,  s t i f f e n e d  f l o o r ,  and 
s i d e w a l l  t r i m .  F i n a l l y ,  t h e  P A I N  model c a l c u l a t e s  
t h e  a c o u s t i c  modal p r o o e r t i e s  o f  t h e  c a b i n  mace.  

The p r o p e l l e r  n o i s e  d a t a  a r e  

- Noise P r e d i c t i o n  Program) Second, t h e  v 

i n c l u d i n g  t h e  s p e c i ' f i c '  c a b i n  shape and a b s o r p t i o n  
p r o p e r t i e s  o f  t h e  t r i m .  

I n  o r d e r  t o  v a l i d a t e  t h e  P A I N  program, p r e d i c t e d  
sound pressure  l e v e l s  had t o  be  c o m a r e d  t o  a c t u a l  
i n t e r i o r  n o i s e  measurements t a k e n  f rom a f u l l  
s c a l e  a i r c r a f t  i n  f l i g h t .  I n  t h e  p r e s e n t  t e s t ,  
runs 6, 7 ,  and 8 were used f o r  t h i s  purpose. 
R e c a l l  t h a t  t h e  sound p r e s s u r e  l e v e l s  f o r  t h e s e  
runs were measured a t  microphone l o c a t i o n s  7 and 8 
( F i g u r e  1) by sweeping microphones 5 and 6 o v e r  a 
c r o s s  s e c t i o n  o f  t h e  c a b i n  ( F i g u r e  2).  The 
r e s u l t s  o f  t h i s  swept d a t a  were  used i n  
c o n j u n c t i o n  w i t h  d a t a  from microphones 2 and 3 
( l o c a t e d  i n  t h e  p r o p e l l e r  p lane)  t o  de termine t h e  
space average n o i s e  l e v e l s  i n  t h e  cab in ,  r e q u i r e d  
f o r  comparison w i t h  t h e  P A I N  p r e d i c t i o n s .  

F i g u r e s  11 and 12 compare t h e  exper imenta l  r e s u l t s  
o f  runs 6 and 8 t o  t h e  P A I N  p r e d i c t i o n s  f o r  t h e  
f i r s t  f i v e  b lade passage harmonics. 
f o r  four  o f  t h e  f i v e  harmonics f a l l  be low t h e  95% 
conf idence l i m i t s  o f  t h e  measurements. 
f o u r t h  harmonic has a l a r g e  d isc repancy  between 

P r e d i c t i o n s  

mly t h e  

V 



p r e d i c t e d  and measured l e v e l s .  
shor tcoming of t h e  P A I N  program however, s i n c e  
o t h e r  r e s u l t s  a l s o  showed a l a r g e  v a r i a t i o n  a t  t h e  
f o u r t h  b lade passage harmonic  (see F i g u r e  7 f o r  
example). 
t r e a t e d  a i r p l a n e  a t  t h i s  f requency  may i n f l u e n c e  
t h e  space average l e v e l s  and i n  t u r n  t h e  v a r i a -  

mind, t h e  good agreement between t h e  p r e d i c t e d  and 
exper imenta l  d a t a  c o n f i r m s  t h e  genera l  v a l i d i t y  o f  
t h e  PAIN p r e d i c t i o n  model. 

T h i s  may n o t  be  a 

The e x t r a  e l e c t r o n i c  n o i s e  i n  t h e  - b i l i t y  o f  t h e  measured r e s u l t s .  With t h i s  i n  

v 
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F i g .  11.- Space averaged SPL f r o m  swept d a t a  o f  
r u n  6 compared t o  P A I N  p r e d i c t i o n s .  
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100 r meacurements 

p o s i t i o n ,  f requency,  and f l i g h t  o p e r a t i o n  
c o n d i t i o n s ,  such as c a b i n  p r e s s u r e  and e n g i n e  
toraue.  The r e s u l t s  o f  s p e c i f i c  f l i g h t  t e s t s ,  
performed on t h e  t r e a t e d  a i r p l a n e ,  were conpared 
w i t h  p r e d i c t i o n s  from t h e  P A I N  program and found 
t o  be i n  good agreement. 
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