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FOREWORD 

4 

. 

S c i e n t i f i c  p r e d i c t i o n  o f  h e l i c o p t e r  cab in  no ise  has l o n g  been a chal lenge.  
Th is  i s  understandable i n  l i g h t  o f  t h e  complex, compact, and h i g h l y  i n t e r c o n -  
nected na ture  o f  t h e  power p l a n t ,  d r i v e  t r a i n ,  a i r f rame,  and cabin.  The major  
p r e d i c t i v e  t o o l  s which have been ava i  1 ab1 e u t i  1 i z e  general  t r e n d i n g  parameters, 
such as a i r c r a f t  horsepower, t r a n s f e r  f unc t i ons ,  panel t ransmiss ion  l oss ,  and 
r a d i a t i o n  e f f i c i e n c y .  Whi le these d e s c r i p t o r s  cou ld  be t a i l o r e d  t o  e x i s t i n g  
a i r c r a f t ,  i t became very  d i f f i c u l t  when t h e  t ime  came f o r  a p p l i c a t i o n .  t o  
conceptual  a i r c r a f t  i n  t h e  des ign stages. 

One o f  t h e  b a s i c  des ign concepts f o r  bo th  m i l i t a r y  and commercial h e l i c o p t e r  
v i a b i l i t y  i s  t o  achieve as l a r g e  a pay load t o  des ign gross we igh t  r a t i o  as 
p r a c t i c a l l y  f e a s i b l e .  Th i s  fo rces  t h e  e n t i r e  s t r u c t u r e  t o  be a h i g h l y  e f f i -  
c i e n t ,  compact design. I n  general ,  t h i s  t r a n s l a t e s  i n t o  h i g h  cab in  no ise  
1 eve1 s , i n t e r f e r i n g  w i t h  speech and passenger comfor t ,  and r a i  s i  ng t h e  poss i  b i -  
l i t y  o f  hea r ing  damage. Acceptable s o l u t i o n s  must be l i g h t  weight ,  inexpen- 
s i v e ,  and durable.  These q u a l i t i e s  can n o t  be op t im ized w i t h o u t  a thorough 
understanding o f  t h e  phenomenon, l e a d i n g  t o  a des ign which addresses each f a c e t  
o f  t h e  no ise  problem from source t o  r e c e i v e r  w i t h  t h e  approp r ia te  concern f o r  
o v e r a l l  end use ob jec t i ves .  

The o b j e c t i v e  o f  t h i s  research e f f o r t  i s  t o  conduct a mul t i -phase s tudy t o  
develop p r a c t i c a l  r o t o r c r a f t  i n t e r i o r  no ise  c o n t r o l  concepts and p r e d i c t i v e  
techniques f o r  concept eva lua t ions .  Th is  w i l l  r e s u l t  i n  t h e  implementat ion o f  
a p r e d i c t i o n  method which pe rm i t s  acous t i c  sources and energy paths t o  be 
i d e n t i f i e d  and t r e a t e d  us ing  i n f o r m a t i o n  acqu i red  e a r l y  i n  t h e  a i r c r a f t  devel -  
opment / fabr ica t ion  cyc le .  The Phase I e f f o r t  [111 cons is ted  o f  a rev iew o f  
dominant r o t o r c r a f t  i n t e r i o r  no ise  sources and t h e  syn thes is  o f  an a n a l y t i c a l  
i n t e r i o r  no ise  p r e d i c t i o n  model capable o f  p r e d i c t i n g  cab in  no ise  l e v e l s  due t o  
var ious  sources and s t r u c t u r a l  energy paths f o r  an un t rea ted  a i r c r a f t .  The 
Phase I 1  e f f o r t  i nc luded  f u l l  sca le  ground and f l i g h t  t e s t i n g  o f  a commercial 
r o t o r c r a f t  f o r  v a l i d a t i o n  o f  t h e  a n a l y t i c a l  model developed i n  Phase I and 
development o f  d i a g n o s t i c  techniques f o r  i d e n t i f y i n g  no ise  and v i b r a t i o n  energy 
paths.  A n a l y t i c  model improvements were developed i n  Phase I1 f o r  frame 
j u n c t i o n  v i b r a t i o n  t ransmiss ion  and panel / f rame/acoust ic  space c o u p l i n g  l o s s  
fac to rs .  Phase I11 invo lves  t h e  a n a l y t i c a l  model ing and development o f  no ise  
c o n t r o l  concepts v i a  ex tens ion  of t h e  a n a l y t i c a l  model t o  i n c l u d e  acous t i c  t r i m  
panels ,  damping t reatments,  and i s o l a t i o n .  Th is  p rov ides  t h e  l i n k  t o  t h e  com- 
p l e t e d  he1 i c o p t e r  by p r e d i c t i n g  t h e  b e n e f i t s  o f  var ious  no ise  c o n t r o l  t rea tment  
concepts and a l l o w i n g  t h e  paramet r ic  eva lua t i ons  which are  demanded by t h e  
noise,  weight ,  and c o s t  c o n s t r a i n t s  o f  f u t u r e  h e l i c o p t e r  customers. Phase I V  
i s  in tended t o  c o n t a i n  a d d i t i o n a l  l a b o r a t o r y  t e s t i n g  and some ' f u l l  sca le  
demonstrat ion o f  t h e  no ise  c o n t r o l  concepts developed i n  Phase 111. 

lReferences w i l l  appear enclosed i n  square brackets .  



The o v e r a l l  ph i losophy o f  t h i s  con t rac ted  e f f o r t  i s  shown i n  F igu re  1. The 
four  conceptual  stages r e q u i r e d  f o r  s o l u t i o n  o f  t h e  he1 {cop te r  i n t e r i o r  cab in  
no ise  p r o b l  em ve ry  c l o s e l y  para1 1 e l  t h e  f o u r  c o n t r a c t u a l  phases j u s t  descr ibed. 

S p e c i f i c a l l y ,  t h e  Phase I e f f o r t  cons i s ted  o f  a rev iew o f  i n f o r m a t i o n  r e l e v a n t  
t o  dominant r o t o r c r a f t  i n t e r i o r  no ise  sources and t ransmiss ion  paths responsi -  
b l e  f o r  no ise  i n  t h e  passenger compartment (cabin) ,  and a rank  o r d e r i n g  o f  
these no ise  sources. Th is  s tudy  e s t a b l i s h e d  t h e  main r o t o r  t ransmiss ion  
gearbox gear t o o t h  l o a d i n g  v a r i a t i o n s  a t  gear c l a s h  f requencies and t h e i r  
harmonics as t h e  p r imary  source o f  cab in  no ise  l e v e l s .  A d e t a i l e d  a n a l y t i c  
model ing approach w i t h  c a p a b i l i t i e s  f o r  e v a l u a t i n g  a v a r i e t y  o f  no ise  c o n t r o l  
concepts (exc lus i ve  o f  source m o d i f i c a t i o n )  was developed. Th is  r e q u i r e d  a 
model c o n t a i n i n g  d e t a i l s  o f  t h e  energy t r a n s f e r  f rom var ious  sources, v i a  a 
m u l t i t u d e  o f  s t r u c t u r a l  and acous t i c  paths,  t o  t h e  cab in  acous t i c  space. Since 
t h e  number o f  s t r u c t u r a l  and acous t i c  resonances i n  t h e  f requency range o f  
i n t e r e s t  i s  l a rge ,  a s t a t i s t i c a l  approach ( S t a t i s t i c a l  Energy Ana lys is  - o r  
SEA) was a p p l i e d  [l]. 

B 

The Phase I 1  e f f o r t  cons i s ted  o f  a s e r i e s  o f  ground and f l i g h t  t e s t  measure- 
ments t o  o b t a i n  da ta  f o r  v a l i d a t i o n  of t h e  S E A  model. The general  scope and 
purpose o f  t h i s  v a l i d a t i o n  process i s  i n d i c a t e d  i n  F igu re  2. Inc luded i n  t h e  
ground t e s t s  were va r ious  t r a n s f e r  f u n c t i o n  measurements between v i  b ra to ry  and 
acous t i c  subsystems, v i b r a t i o n  and acous t i c  decay r a t e  measurements, and 
coherent  source measurements. The b u l k  o f  these, t h e  v i b r a t i o n  t r a n s f e r  
f u n c t i o n s ,  were used f o r  S E A  model v a l i d a t i o n ,  w h i l e  t h e  o the rs  p rov ided  
i n f o r m a t i o n  f o r  c h a r a c t e r i z a t i o n  o f  damping and r e v e r b e r a t i o n  t ime  o f  t h e  
subsystems. The f l i g h t  t e s t  program inc luded  measurements o f  cab in  and c o c k p i t  
sound pressure  l e v e l ,  frame and panel v i b r a t i o n  l e v e l ,  and v i b r a t i o n  l e v e l s  a t  
t h e  main t ransmiss ion  at tachment 1 o c a t i  ons ( f o r  i n p u t  power determi n a t i o n  and 
f i n a l  p r e d i c t i o n  comparisons). Comparisons between measured and p r e d i c t e d  
subsystem e x c i t a t i o n  l e v e l s  f rom bo th  ground and f l i g h t  t e s t i n g  were evaluated. 
The ground t e s t  da ta  show good c o r r e l a t i o n  w i t h  p r e d i c t i o n s  o f  v i b r a t i o n  l e v e l s  
throughout  t h e  cab in  overhead f o r  a l l  e x c i t a t i o n s .  The f l i g h t  t e s t  r e s u l t s  
a1 so i n d i c a t e  excel  1 e n t  c o r r e l a t i o n  o f  i n - f  1 i g h t  sound pressure measurements t o  
sound pressure l e v e l s  p r e d i c t e d  by t h e  S E A  model, where t h e  average a i r c r a f t  
speech i n t e r f e r e n c e  l e v e l  (SIL-4) i s  p r e d i c t e d  w i t h i n  0.2 dB. 

The Phase I 1  e f f o r t  repo r ted  h e r e i n  p rov ides  t h e  necessary v a l i d a t i o n  o f  t h e  
S E A  model. The da ta  r e q u i r e d  f o r  v a l i d a t i o n  were acqu i red  through f u l l  sca le  
measurements performed on t h e  S ikorsky  S-76 (Photo P l ) ,  bo th  on t h e  ground 
(Photos P2 through P22) and i n  f l i g h t  (Photo P23), and i n  l a b o r a t o r y  exper i -  
ments. S E A  p r e d i c t i o n s  a re  shown t o  c o r r e l a t e  w e l l  w i t h  f u l l  sca le  da ta  (see 
Appendix E ,  f o r  example) and t h e  m a t e r i a l  presented represents  reasonable v e r i -  
f i c a t i o n  t h a t  t h e  S t a t i s t i c a l  Energy Ana lys is  method o f  r o t o r c r a f t  'cabin no ise  
p r e d i c t i o n  i s  a f e a s i b l e  and r e l a t i v e l y  accurate approach. The methodology 
prov ides  ou tpu t  which, i n a d d i t i o n  t o  p r e d i c t i n g  sound pressure 1 eve1 s , pre-  
d i c t s  power f l o w  i n f o r m a t i o n  t h a t  revea ls  v i b r a t o r y  energy pa ths  l e a d i n g  t o  t h e  
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PROBLEM 

C A B I N  N O I S E  INFLUENCES 

- SPEECH, COMFORT, HEARING 

SOLUTION 

UNDERSTAND 

- SOURCES, PATHS, RECEIVERS 

MODEL 

- A N A L Y S I S ,  V A L I D A T I O N  

D E S I G N  

- O P T I M I Z E  N O I S E ,  WEIGHT, COST 

DEMONSTRATE 

- Q U I E T ,  LOW WEIGHT/COST I N S T A L L A T I O N  

. . Figure  1. N o i s e  C o n t r o l  C o n c e p t  D e v e l o p m e n t  
P r o g r a m  P h i l o s o p h y  
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MEASU REMENT/VA L I DAT I ON PROGRAM 

TASK - 

GROUND TEST 

0 LOSS FACTOR 

0 SOURCE SUBSTITUTION 

SEA PREDICTIONS 

0 F L I G H T  TEST 

VIBRATION/SOUND PRESSURE 

. 0 SEA PREDICTIONS 

0 POWER FLOW 

PURPOSE 

1. PARAMETERS 

2. V A L I D A T I O N  

1. INPUTS 

2. V A L I D A T I O N  

F igure  2. M a j o r  Tasks and R e l a t e d  P u r p o s e s  o f  t h e  
P h a s e  I 1  M e a s u r e m e n t  and V a l i d a t i o n  P r o g r a m  
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c r e a t i o n  o f  cab in  noise.  It i s  now p o s s i b l e  t o  assess t h e  i n f l u e n c e  s t r u c t u r a l  
m o d i f i c a t i o n s  have on energy f l o w  and t h e  r e s u l t i n g  changes i n  cab in  acous t i c  
l e v e l s .  A d d i t i o n a l l y ,  an e f f i c i e n t  and systemat ic  approach i s  a v a i l a b l e  f o r  
e v a l u a t i o n  o f  s t r u c t u r a l  damping. 

SEA MODEL OF THE SIKORSKY S-76 

The S ikorsky  S-76, shown i n  Photo P1,  i s  a t w i n  t u r b i n e  powered h e l i c o p t e r  
which has a c e r t i f i e d  maximum speed o f  80 m/s, a normal f l i g h t  c r u i s e  speed o f  
75 m/s, a range o f  over  740 km, a maximum c e r t i f i e d  gross we igh t  o f  45 kN, and 
a use fu l  l o a d  t o  we igh t  empty r a t i o  o f  0.84. The 5-76, w i t h  4.2 square meters 
o f  passenger cab in  space, can accommodate up t o  12 passengers i n  t h e  s tandard 
u t i l i t y  c o n f i g u r a t i o n  and 5 t o  8 passengers i n  t h e  execut ive  ( V I P )  con f igura-  
t i o n .  

H e l i c o p t e r  cab in  no ise  i n  an un t rea ted  c o n f i g u r a t i o n  i s  dominated by t h e  main 
gearbox [l]. It i s  a source o f  bo th  acous t i c  and v i b r a t o r y  energy which i s  
subsequent ly t r a n s m i t t e d  i n t o  t h e  cab in  acous t i ca l  l y  through i n t e r v e n i n g  panel s 
and spaces and v i b r a t i o n a l l y  through t h e  a i r f rame s t r u c t u r e  t o  panel and frame 
sur faces t h a t  r a d i a t e  d i r e c t l y  i n t o  t h e  cabin.  The gearbox on t h e  S-76 i s  pad 
mounted d i r e c t l y  t o  t h e  a i r f rame a t  f o u r  at tachment p o i n t s .  I n t e r n a l  d e t a i l s  
o f  t h e  S-76 a i r f rame s t r u c t u r e  a re  d i sp layed  and q u a n t i f i e d  i n  Appendix B. The 
overhead f raming i n  t h e  cab in  cons is t s  o f  two main f o r e / a f t  members t h a t  reach 
from t h e  r e a r  bulkhead fo rward  t o  t h e  p i l o t ' s  windows (see Photos P3, P14, P17, 
P18). Cross frames i n  t h e  cab in  overhead extend down t h e  s ides  (Photo P3) t o  
suppor t  t h e  f l o o r  s t r u c t u r e  and they  connect t o  t h e  keel  beam under t h e  f l o o r  
(Photo P2). The s k i n  panels  a re  o f  a l i g h t w e i g h t  ,honeycomb c o n s t r u c t i o n  
r i v e t e d .  t o  t h e  frames (Photo P6). 

I n  a compact s t r u c t u r e ,  such as a h e l i c o p t e r  a i r f rame which has been speci -  
f i c a l  l y  designed f o r  l o a d  sha r ing  and e f f i c i e n t  s t r e s s  d i s t r i b u t i o n  a t  minimum 
weight ,  t h e r e  i s  a h igh  degree o f  in terconnectedness between t h e  p o s s i b l e  paths 
from sources t o  rece ive rs .  It i s  t h e r e f o r e  d i f f i c u l t  t o  descr ibe  t h e  o v e r a l l  ~ 

t ransmiss ion  i n  terms o f  paths t h a t  a re  independent o f  each o the r .  The e x t e n t  
t o  which t h i s  i s  p o s s i b l e  depends on t h e  ex is tence o f  a sequence of s t r o n g l y  
coupled subsystems w i t h  r e l a t i v e l y  1 a rger  modal energ ies than surrounding 

I n  t h i s  case t h e  power f l o w  w i l l  be a long t h e  pa th  o f  t h e  s t r o n g l y  
coup1 ed subsystems w i t h  1 a t e r a l  f l o w  ou t  i n t o  t h e  surrounding subsystems. 

- subsystems. 

The f i r s t  s tep  i n  develop ing SEA subsystems f o r  t he  h e l i c o p t e r  i s  t o  p h y s i c a l l y  
s e c t i o n  t h e  t o t a l  s t r u c t u r e  i n t o  i n d i v i d u a l  components c a l l e d  ' s t r u c t u r a l  
subsect ions t h a t  a r e  cha rac te r i zed  dynamical ly  by a c o n s i s t e n t  de format ion  
type. Th is  i s  accomplished by cons ide r ing  t h e  phys i ca l  d i s c o n t i n u i t i e s  t h a t  
occur w i t h i n  t h e  s t r u c t u r e .  Sk in  panels  a re  sect ioned by t h e  f raming t o  which 
they  are  at tached. Framing i s  sec t ioned by j u n c t i o n s  w i t h  cross frames. 
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SUBSECTION TYPES 

Y 

Panel 53 

Frame 35 130 Degrees 
of Freedom 

Acoust ic  Space 7 
T o t a l  Subsect ions 95 

JUNCTION TYPES 

L ine  99 

Area 86 

P o i n t  29 

Frame 2 1  
T o t a l  Junc t ions  235 

F igu re  3. S-76 SEA Model Subsect ion and J u n c t i o n  Summary " 
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I n  genera l ,  these j u n c t i o n s  a re  a l s o  t h e  l o c a t i o n s  where changes i n  frame 
c ross -sec t i ona l  geometry occur i n  t h e  S-76. Acous t ic  spaces a r e  sec t ioned by 
bulkheads, cowl ings,  and o t h e r  panel surfaces which p h y s i c a l l y  d e f i n e  these 
spaces. The s t r u c t u r a l  subsec t ion ing  of t h e  S-76 a i r f rame f o r  t h e  SEA model i s  
d e t a i l e d  i n  Appendix B. Subsect ion ing o f  t h e  a i r f rame i s  shown schemat i ca l l y  
i n  F igu re  B1. 

A summary o f  t h e  subsec t ion  and j u n c t i o n  types conta ined i n  t h e  SEA model o f  
t h e  S-76 i s  shown i n  F igu re  3. A t o t a l  of 95 subsect ions a re  used i n  descr ib -  
i n g  t h e  S-76 h e l i c o p t e r  (35 frames, 53 panels,  and 7 acous t i c  spaces). Since 
two types o f  mot ion a re  considered f o r  each frame, t h e  SEA model con ta ins  a 
t o t a l  o f  130 subsystems ( i . e .  degrees of freedom). Subsect ions a r e  j o i n e d  
toge the r  us ing  235 j u n c t i o n s  (29 p o i n t ,  99 l i n e ,  2 1  frame, and 86 area junc-  
t i o n s )  which account f o r  t h e  interconnectedness o f  t h i s  h i g h l y  compact s t r u c -  
t u re .  An example o f  t h i s  would be t h e  cab in  acous t i c  space which rece ives  
energy f rom 110 subsystems i n  t h e  model. 

One can o b t a i n  a f e e l  f o r  t h e  e x t e n t  o f  t h e  model by l o o k i n g  a t  which h e l i -  
cop te r  components a r e  n o t  p h y s i c a l l y  i nc luded  i n  t h e  model. There a re  o n l y  
th ree !  These are:  1) t h e  p ropu ls ion  system, 2) t h e  t a i l c o n e ,  and 3) t h e  
l a n d i n g  gear. The f i r s t  i s  accounted f o r  i n  t h e  source power i n p u t  term t o  t h e  
model w h i l e  t h e  o t h e r  two a re  a i r c r a f t  e x t r e m i t i e s  which a re  considered t o  n o t  
i n f l u e n c e  cab in  no ise.  Therefore,  v i r t u a l l y  t h e  e n t i r e  he1 i c o p t e r  i s  con ta ined 
i n  t h e  model. 

PHASE I1  OBJECTIVES 

The Phase I e f f o r t  produced a comprehensive SEA model o f  t h e  5-76 h e l i c o p t e r .  
A t  t h a t  p o i n t  t h e  model was a n a l y t i c  i n  na ture  and had y e t  t o  be faced w i t h  
comparisons w i t h  t h e  r e a l  wor ld.  An i n t e g r a l  p a r t  o f  any model development 
must be t h e  v a l i d a t i o n  process i n v o l v i n g  a case study. Data genera t ion  f o r  
t h i s  complex case s tudy  i s  an i n v o l v e d  process which inc ludes  s t a t i o n a r y  ground 
t e s t s  (where v i b r a t i o n  shakers and acous t i c  speakers take  t h e  p lace  o f  ac tua l  
sources) and i n - f l i g h t  measurements under var ious  opera t i ng  cond i t i ons .  I n  
a d d i t i o n ,  se lec ted  l a b o r a t o r y  t e s t i n g  was performed t o  f i n e  tune t h e  s t a t e -  
o f - t h e - a r t  knowledge on coup l i ng  l o s s  f a c t o r s  and t ransmiss ion  c o e f f i c i e n t s  f o r  
these s t r u c t u r e s .  The t e s t i n g  was designed t o  achieve severa l  broad objec-  
t i v e s ,  which were t o :  

1. demonstrate t h e  u t i  1 i t y  o f  SEA i n  understanding complex v i  bro/acous- 
t i c  systems, 

2. v a l i d a t e  t h e  SEA model f o r  t h e  S-76 h e l i c o p t e r ,  and 

3. develop an understanding o f  t h e  dominant s t r u c t u r a l  v i  b r a t o r y  energy 
paths i n  t h e  S-76 a i r f rame.  
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ground, 
ments. 

a. 

b. 

C. 

d. 

e. 

f. 

g-  

h .. 

Commercial h e l i c o p t e r s  i n  t h e  same c l a s s  as t h e  S-76 a re  o f  g e n e r a l l y  s i m i l a r  
cons t ruc t i on .  Understanding t h e  v i  b r a t i o n  energy t ransmiss ion  devel  oped f o r  
t h e  S-76 expands t h e  o v e r a l l  understanding o f  a i r c r a f t  cab in  no ise  s ince  i t  has 
re levance f o r  o t h e r  a i r f rames.  Impor tan t  t ransmiss ion  paths and key parameters 
c o n t r o l l i n g  power f l o w  a long these pa ths  a re  r e a d i l y  i d e n t i f i e d  us ing  t h e  SEA 
model. Comparisons o f  measured da ta  w i t h  SEA p r e d i c t i o n s  and i n s i g h t s  ga ined 
from d e t a i l e d  d e s c r i p t i o n s  o f  t h e  v i b r a t i o n  t ransmiss ion  process p rov ided  by  . 
t h e  model a l s o  serve as a b a s i s  f o r  r e f i n i n g  and ex tend ing  t h e  model. The 

f l i g h t ,  and l a b o r a t o r y  t e s t s  were se lec ted  t o  suppor t  these r e q u i r e -  
A more d e t a i l e d  s e t  o f  o b j e c t i v e s  f o r  t h i s  e f f o r t  would be t o :  

p rov ide  da ta  r e l e v a n t  t o  assessing t h e  v a l i d i t y  o f  general  presump- 
t i o n s  i n  t h e  model (e.g. source coherence), 

d e f i n e  o r  v a l i d a t e  va lues o f  impor tan t  dynamic parameters i n  t h e  
model (e. g. s t r u c t u r a l  damping, acous t i c  absorp t ion ,  v i b r a t i o n  
coupl  i ng 1 oss f a c t o r ) ,  

e s t a b l i s h  i n te rmed ia te  v i b r a t i o n  l e v e l s  a long t ransmiss ion  paths f o r  
comparison w i t h  model p r e d i c t i o n s ,  

conduct s p e c i f i c  1 abora tory  t e s t s  t o  determi ne coupl  i ng and dampi ng 
1 oss f a c t o r s  f o r  frame/panel c o n f i g u r a t i o n s  , 

r e f i n e  t h e  model as new i n f o r m a t i o n  i s  v e r i f i e d ,  

measure panel and frame v i b r a t i o n  l e v e l s  on those sur faces  which 
r a d i a t e  i n t o  t h e  cab in  acous t i c  space, 

o b t a i n  i n - f l i g h t  acous t i c  and v i b r a t i o n  source l e v e l s  t o  d e f i n e  t h e  
i n p u t s  r e q u i r e d  by t h e  a n a l y t i c  model, and 

g a i n  i n s i g h t  r e l a t i v e  t o  major  c o n t r i b u t i n g  f a c t o r s  o f  he1 i c o p t e r  
cab in  no ise.  

The measurements r e q u i r e d  t o  meet these o b j e c t i v e s  can be ob ta ined f rom t e s t s  
which f a l l  i n t o  t h e  f o l l o w i n g  two ca tegor ies :  1) ground o r  l a b o r a t o r y  t e s t s ,  
w i t h  t h e  i n - f l i g h t  sources s imu la ted  by e i t h e r  e lect ro-mechanica l  shakers o r  
acous t i c  speakers, and 2) f l i g h t  t e s t s  w i t h  t h e  r e a l  i n - f l i g h t  sources f u l l y  
ope ra t i ona l .  These t e s t s  and t h e  assoc ia ted  measurements a r e  summarized 1 a t e r  
i n  t h e  t e x t  and descr ibed i n  more d e t a i l  i n  Appendixes C,  D ,  and F.  I n  gener- 
a l ,  ground t e s t i n g  r e q u i r e s  s u b s t a n t i a l l y  fewer suppor t  personnel  and d o e s n ' t  
have t h e  t ime,  s a f e t y ,  and weather r e s t r i c t i o n s  assoc ia ted  w i t h  f l i g h t  t e s t i n g .  
Therefore,  t h e  t e s t  p lans  were fo rmula ted  t o  maximize i n f o r m a t i o n  generated 
from ground and l a b o r a t o r y  t e s t i n g .  F1 i g h t  t e s t i n g  was reserved f o r  o b t a i n i n g  
e s s e n t i a l  i n fo rma t ion  on source power 1 eve1 s and t h e  corresponding i n - f  1 i g h t  
cab in  sound pressure l e v e l s  r e q u i r e d  f o r  f i n a l  model . v a l i d a t i o n .  

.I 
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An a d d i t i o n a l  o b j e c t i v e  o f  t h e  Phase I1 e f f o r t  was t o  fo rmu la te  t h e  model w i t h  
t h e  f u t u r e  requirements o f  Phase I11 i n  mind. Th is  would f a c i l i t a t e  t h e  i m -  
p lementa t ion  o f  no ise  c o n t r o l  models c o n s i s t e n t  w i t h  t h e  un t rea ted  model i n  a 
c o s t  e f f i c i e n t  fash ion.  A l l  o f  these t e s t s  and r e l a t e d  o b j e c t i v e s  a re  in tended 
t o  implement t h e  o v e r r i d i n g  ph i losophy o f  t h i s  program, which i s  t o  g a i n  
i n s i g h t  i n t o  t h e  complex acous t i c  environment o f  he1 i c o p t e r  cab i  n no ise.  The 
i n t e r a c t i o n  o f  these d i ve rse  p a r t s  i s  dep ic ted  i n  F igu re  4. 

. 
MODEL REFINEMENTS 

As t h e  model ing and i n v e s t i g a t i o n  o f  a system as compl icated and ex tens ive  as a 
he1 i cop te r  a i r f r a m e  proceeds, new i n s i  gh ts  and understandi  ng a r e  devel  oped 
which form t h e  b a s i s  f o r  r e f i n i n g  t h e  model. The o r i g i n a l  SEA model of t h e  
S-76 developed d u r i n g  Phase I [l] has been r e v i s e d  i n  severa l  impor tan t  areas. 
These a r e  descr ibed i n  g r e a t e r  d e t a i l  i n  Appendix F and i n c l u d e  t h e  f o l l o w i n  
f o u r  s i t u a t i o n s :  1) frame v i b r a t i o n  t ransmiss ion  across a frame j u n c t i o n ;  27 
d i r e c t  c o u p l i n g  between panels  across a frame; 3) r a d i a t i o n  coup l i ng  between a 
frame and an acous t i c  space; and, o f  a more p r a c t i c a l  nature,  4) model ing o f  
t h e  s t r u c t u r a l  member t h a t  extends around t h e  per imeter  o f  t h e  cab in  overhead 
as a panel  subsystem whereas o r i g i n a l l y  i t  was modeled as a frame. Each o f  
these i tems i s  b r i e f l y  d iscussed i n  t h e  f o l l o w i n g  paragraphs. 

As o r i g i n a l l y  developed t h e  model ing o f  frame v i b r a t i o n  t ransmiss ion  i nc luded  
t h r e e  mot ion types: t o r s i o n  and bending deformat ion about t h e  two axes per-  
pend icu la r  t o  t h e  frame ax i s .  Th is  does n o t  account d i r e c t l y  f o r  t he  con- 
s t r a i n t  p laced on in -p lane mot ion o f  t h e  frames as a r e s u l t  o f  t h e i r  at tachment 
t o  t h e  s k i n  panels.  The h igh  in -p lane s t i f f n e s s  o f  t h e  s k i n  panels  can be 
expected t o  s i g n i f i c a n t l y  p r o h i b i t  frame mot ion a t  t h e  e l e v a t i o n  where they  a re  
at tached.  The c o n s t r a i n t  has the  e f f e c t  o f  coup l i ng  t o r s i o n a l  and in -p lane 
bending mot ions i n  a f i x e d  geometr ic r e l a t i o n  (see F igure  F 1 ) .  The m o d i f i e d  
frame subsystem a1 so accounts f o r  ou t -o f -p lane bending mot ion.  

The d i r e c t  coup l i ng  between panels  across a frame occurs due t o  non-resonant 
mass c o n t r o l l e d  response o f  t h e  frame. Resonant frame response has been taken 
i n t o  account by t h e  coup l i ng  l o s s  f a c t o r s  between t h e  frame and t h e  r e s p e c t i v e  
panels  on bo th  s ides.  The mass c o n t r o l l e d  frame response inc ludes  bo th  an 
ou t -o f -p lane t r a n s l a t i o n a l  mot ion and a r o t a t i o n a l  mot ion assoc ia ted  w i t h  t h e  
combi ned t o r s i  on and i n-p l  ane bendi ng. 

Framing i n  t h e  cab in  overhead s t r u c t u r e  o f  t h e  S-76 i s  o f  a r e l a t i v e l y  deep web 
c o n s t r u c t i o n  w i t h  s i g n i f i c a n t  web area (see Photos P3, P13, P16) and p o t e n t i a l  
f o r  r a d i a t i o n  i n t o  t h e  cabin.  I n  an un t rea ted  cab in  environment, t h e  t r a n s -  
verse mot ion o f  t h e  webs (assoc ia ted  w i t h  t h e  combined in -p lane frame mot ion)  
and o f  t h e  lower  f langes  (due t o  ou t -o f -p lane bending) a re  u n b a f f l e d  acous t i -  
c a l l y  and t h e r e f o r e  w i l l  r a d i a t e  w i t h  a l e s s e r  e f f i c i e n c y  than a b a f f l e d  panel .  
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The f i n a l  area o f  m o d i f i c a t i o n  i nvo l ves  t h e  c h a r a c t e r i z a t i o n  o f  t h e  pe r ime te r  
member around t h e  cab in  overhead. This  member cons is t s  o f  a l i g h t  weight ,  open 
channel, sheet metal  c o n s t r u c t i o n  (F igure  F8) t h a t  i s  s i t u a t e d  a t  t h e  seam be- 
tween overhead and s i d e  w a l l  s k i n  panels  (see Photos P3, P10, P17, P18, P19). 
It was o r i g i n a l l y  modeled [l] as a r e l a t i v e l y  s t i f f  frame subsystem i n  the  S-76 
SEA model. Us ing t h i s  model, i t  was found t h a t  t h e  dominant t ransmiss ion  p a t h  
fo rward  i n t o  t h e  f r o n t  w i  rids-hie1 d and overhead panel s above t h e  p i  1 o t / co -p i  1 o t  
was through t h e  pe r ime te r  "frame", which was f e d  by a f t  c ross  frames t h a t  
a t t a c h  t o  t h e  main gearbox suppor t  frames. Th is  was f e l t  t o  be u n r e a l i s t i c  and 
so t h e  "frame" was remodeled as a panel subsystem as i f  t h e  channel were opened 
f l a t .  The " s o f t e r "  panel model reduced the  t ransmiss ion  fo rward  through t h e  
pe r ime te r  member c o n s i s t e n t  w i t h  one 's  phys i ca l  i n t u i t i o n .  

A more complete d i scuss ion  f o r  each o f  t h e  above m o d i f i c a t i o n s  i s  presented i n  
Appendix F. 

GROUND TEST MEASUREMENT PROGRAM 

The SEA model, which conta ins  v i r t u a l l y  t h e  e n t i r e  h e l i c o p t e r  s t r u c t u r e ,  must 
be v a l i d a t e d  us ing  measured data.  Th is  v a l i d a t i o n  i nvo l ves  i n v e s t i g a t i o n  of 
SEA model ing cons ide ra t i ons  and comparisons o f  v ib ro /acous t i c  ground t e s t  mea- 
surements w i t h  p r e d i c t e d  subsystem response l e v e l s .  The f o l  low ing  sec t i ons  
descr ibe  t h e  concepts assoc ia ted  w i t h  t h i s  ground t e s t  program a long w i t h  some 
o f  t h e  r e l a t e d  concerns each t e s t  a t tempts t o  answer. 

M u l t i p l e  sources i n  t h e  h e l i c o p t e r  a re  t r e a t e d  i n  t h e  SEA model as be ing  
s t a t i s t i c a l l y  independent, o r  incoherent .  I n  r e a l i t y ,  ' t h e  i n d i v i d u a l  gearbox 
f o o t  v i b r a t o r y  loads are  l i k e l y  t o  be h i g h l y  coherent  w i t h  one another.  
A d d i t i o n a l  t e s t i n g  was performed t o  eva lua te  quest ions r e l a t i n g  t o  t he  e f f e c t s  
o f  source coherence on t h e  frame and panel v i b r a t i o n  response l e v e l s  i n  t h e  
cabin.  S p e c i f i c a l l y ,  shakers were p laced a t  severa l  gearbox at tachment 1 oca- 
t i o n s  on t h e  a i r f r a m e  (and i n  severa l  o r i e n t a t i o n s ) ,  w h i l e  measurements were 
made a t  se lec ted  subsystems. Appendixes C and D descr ibe  these measurements 
an$ t h e  conclus ions der ived.  

As shown i n  F igu re  2, t h e  major purpose o f  t h i s  phase o f  t h e  measurement 
program was t o  generate t h e  dynamic model parameters and p rov ide  t h e  da ta  
r e q u i r e d  f o r  t h e  v a l i d a t i o n  o f  t h e  a n a l y t i c  SEA model f o r  t h e  S ikorsky  5 7 6 .  
Ground t e s t  measurements were the  pr ime source o f  i n f o r m a t i o n  whenever fea-  
s i b l e .  The bas i s  f o r  these ground t e s t  measurements was source s u b s t i t u t i o n  
( i . e .  shakers t o  s imu la te  v i b r a t o r y  sources and speakers t o  s imu la te  acous t i c  
sources) a t  var ious  l o c a t i o n s  on and about t h e  h e l i c o p t e r .  V i b r a t i o n  and 
acous t i c  da ta  were acqu i red  w h i l e  these s imu la ted  sources were be ing  a p p l i e d  t o  
t h e  a i r c r a f t .  
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A n a l y t i c a l  est imates o f  damping re1  a ted  parameters ( impor tan t  dynamic charac- 
t e r i s t i c s  f o r  any v i b r a t o r y  model) a r e  o f t e n  ob ta ined w i t h  g r e a t  d i f f i c u l t y  and 
unce r ta in t y .  Mechanical damping l o s s  f a c t o r s  and acous t i c  absorp t ion  est imates 
a re  t h e r e f o r e  commonly based on d i r e c t  measurement. The ground t e s t  measure- 
ments p rov ide  a use fu l  o p p o r t u n i t y  t o  compare measured damping l e v e l s  w i t h  
general  e m p i r i c a l  est imates.  

The measurement program p r i m a r i  l y  focused on v i  b r a t o r y  source s u b s t i t u t i o n  f o r  
t h e  gearbox, as i t  had been es tab l i shed  t o  be t h e  major source o f  cab in  no ise  
[l]. The t e s t  program i n v o l v e d  m u l t i p l e  d i r e c t i o n ,  m u l t i p l e  l o c a t i o n ,  v i b r a -  
t i o n  s i m u l a t i o n  o f  t h e  gearbox a t  t h e  gearbox/a i r f rame i n t e r f a c e .  Gearbox 
cas ing  acous t i c  r a d i a t i o n  was considered t o  be a much l e s s  s i g n i f i c a n t  source 
due i n  p a r t  t o  t h e  h igh  t ransmiss ion  l o s s  assoc ia ted  w i t h  t h e  a i r f rame upper 
deck and t h e  r e l a t i v e l y  s t i f f  and massive gearbox housing s idewal ls .  Hydrau- 
1 i c s  1 i n e  at tachment p o i n t s  a1 so were considered as v i  b r a t o r y  source l o c a t i o n s .  
Measurements were made i n  t h e  f requency range o f  350 Hz t o  10 kHz t o  charac- 
t e r i z e  t h e  h i g h  frequency v i b r a t o r y  and acous t i c  p r o p e r t i e s  o f  t h e  S-76 a i r -  
frame f o r  model Val i d a t i o n .  These inc luded  t r a n s f e r  f u n c t i o n  measurements 
between subsect ions,  decay r a t e  measurements o f  f r e e  s tand ing  and i n - s i t u  
subsect ions,  and acous t i c  r e v e r b e r a t i o n  t ime  measurements i n  t h e  cabin.  The 
measurements were taken on an a i r c r a f t  hav ing t h e  main t ransmiss ion  and engines 
removed f o r  easy access t o  t h e  t ransmiss ion  mounting l o c a t i o n s  on the  a i r f rame.  
Tes t  d e s c r i p t i o n s  f o r  each event  a re  descr ibed i n  Appendix C,  t e s t  r e s u l t s  a re  
presented i n  Appendix D,  and comparisons w i t h  SEA model p r e d i c t i o n s  are  shown 
and d iscussed i n  Appendix E. 

GROUND TEST RESULTS AND COMPARISONS WITH SEA PREDICTIONS 

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

The p r e l i m i n a r y  ground t e s t  measurements were concerned w i t h  mu1 t i p l e  coherent  
source experiments. The remain ing ground t e s t s  were organized i n t o  t h e  f o l l o w -  
i n g  two major  ca tegor ies :  1) parameter e s t i m a t i o n  measurements, and 2) v i b r a -  
t i o n  and acous t i c  t r a n s f e r  f u n c t i o n  measurements. The f i r s t  category,  which 
i nc ludes  t h e  energy decay measurements o f  mechanical and acous t i c  l o s s  f a c t o r s ,  
forms t h e  bas i s  f o r  est imates o f  some o f  t h e  dynamic parameters i n  t h e  SEA 
model; w h i l e  t h e  second i s  p r i m a r i l y  used f o r  model v a l i d a t i o n .  

I n v e s t i g a t i o n  o f  Coherent Source E f f e c t s  

An impor tan t  cons ide ra t i on  i n  model i ng v i  b r a t i  on t ransmiss ion  due t o  t h e  
gearbox i s  whether coherence between t h e  e x c i t a t i o n s  a t  t h e  d i f f e r e n t  a t tach -  
ment p o i n t s  and i n  t h e  d i f f e r e n t  d i r e c t i o n s  has a s i g n i f i c a n t  e f f e c t  on t h e  

f 
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r e s u l t i n g  v i b r a t i o n  l e v e l s  a t  d i s t a n t  l o c a t i o n s  on t h e  a i r f rame.  A SEA model 
t y p i c a l l y  t r e a t s  e x c i t a t i o n s  a t  d i f f e r e n t  source p o i n t s  as be ing  s t a t i s t i c a l l y  
independent. The i n p u t  power f o r  a p a r t i c u l a r  source i s  t y p i c a l l y  es t imated  
based on t h e  dynamic behav io r  a t  t h a t  p o i n t  independent ly  o f  any mutual coup- 
l i n g  w i t h  sources a t  o t h e r  p o i n t s .  Several coherent  source t e s t s  were con- 
ducted. The r e s u l t s  i n d i c a t e  t h a t ,  i n  enera l ,  t h e  coherent  source e f f e c t  i s  
very  l o c a l i z e d  (see Appendixes C and D 7 , and f o r  t h e  h i g h l y  in te rconnected ,  
three-d imensional  he1 i cop te r  s t r u c t u r e ,  coherent  sources appear non-coherent a t  
re1  a t i v e l y  s h o r t  d is tances  removed from t h e  sources. 

Parameter E s t i  mat i on Measurements 

S t r u c t u r a l  damping l o s s  f a c t o r .  - The damping l o s s  f a c t o r  i s  an impor tan t  SEA 
parameter govern ing t h e  d i s t r i b u t i o n  o f  energy 1 eve1 s w i  t h i  n t h e  system. 
B u i l t - u p  aerospace s t r u c t u r e s  have damping values over  a broad range around t h e  
va lue  0.01. The va lues a re  l a r g e r  than t h e  i n h e r e n t  damping f o r  t h e  base 
m a t e r i a l  as a r e s u l t  o f  j o i n t s  and r i v e t e d  connect ions.  

Damping measurements on an ac tua l  a i r f rame a re  compl icated by t h e  f a c t  t h a t  
energy leaves t h e  e x c i t e d  subsystem due t o  i t s  s t r u c t u r a l  connect ions t o  
ad jacent  subsystems as w e l l  as due t o  i n t e r n a l  mechanical d i s s i p a t i o n .  De- 
t a c h i n g  t h e  subsystem f r o m  t h e  o v e r a l l  s t r u c t u r e  does away w i t h  t h e  energy l o s s  
assoc ia ted  w i t h  power f l o w  t o  ad jacent  subsystems b u t  a l s o  removes t h e  d i ss ipa -  
t i o n  o c c u r r i n g  a t  t he  connect ions due t o  r i v e t e d  j o i n t s  o r  o t h e r  forms o f  
mechanical connect ion.  

For t h i s  reason measurements o f  t he  damping o f  frame and panel  s t r u c t u r e s  were 
performed i n - s i t u  w i t h i n  t h e  S-76 a i r f rame and w i t h  t h e  components detached 
from t h e  a i r f r a m e  and f r e e l y  suspended i n  a i r .  The measurements were performed 
us ing  t h e  procedures descr ibed i n  t h e  ground t e s t  d e s c r i p t i o n s  s e c t i o n  o f  
Appendix C by tapp ing  t h e  s t r u c t u r e  w i t h  a b l u n t  o b j e c t  and mon i to r i ng  t h e  
decay us ing  a decay r a t e  meter. 

The i n - s i t u  measurements inc luded severa l  d i f f e r e n t .  c o n s t r u c t i o n  types  and 
m a t e r i a l s .  Representat ive panel sec t i ons  are  o f  composite c o n s t r u c t i o n  w i t h  
r e l a t i v e l y  t h i c k  aluminum cores and t h i n  aluminum o r  composite m a t e r i a l  face  
sheets.  The bonding i s  achieved us ing  a r a i s e d  temperature and pressure  
process, where t h e  components a re  pr imed and l a i d  up w i t h  an adhesive f i l m  
sheet a p p l i e d  between laye rs .  Other panel sec t ions ,  such as t h e  d r i p  pan 
( immediate ly  beneath t h e  gearbox) and the  r e a r  passenger bulkhead, a re  o f  a 
more convent ional  r i v e t e d  s i n g l e  aluminum sheet cons t ruc t i on ,  w i t h  1 i gh twe igh t ,  
r i v e t e d  aluminum angles f o r  added s t i f f e n i n g  (see Photos P9 through P13). M o s t  
frames, except  immediately underneath t h e  gearbox, a re  r i v e t e d  cons t ruc t i ons  
w i t h  separate p ieces  f o r  t he  webs and t o p  and bottom f langes.  The frame webs 
a re  a d d i t i o n a l l y  s t i f f e n e d  w i t h  r i v e t e d  on l i g h t w e i g h t  angles t h a t  a re  o r i e n t e d  
perpend icu la r  t o  t h e  frame a x i s  (see Photos P14, P15, P16). Windows are  con- 
s t r u c t e d  o f  a P l e x i g l a s  t ype  m a t e r i a l .  
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Damping l o s s  f a c t o r  r e s u l t s  a re  g i ven  i n  Table D 1  (Appendix D) f o r  bo th  t h e  
i n - s i t u  measurements o f  t h e  a i r f r a m e  subsect ions and t h e  i n d i v i d u a l  s t r u c t u r a l  
subsect ions suspended f r e e l y  i n  a i r .  Values f o r  t h e  composite and r i v e t e d  
panels  and frame cons t ruc t i ons  are ,  f o r  t h e  most p a r t ,  i n  c lose  agreement w i t h  
each o ther .  The abso lu te  va lues o f  t h e  i n - s i t u  measurements a re  l a r g e r  than  
0.01, which i s  a general  r u l e  o f  thumb f o r  aerospace s t r u c t u r e s .  The c o u p l i n g  
t o  ad jacent  s t r u c t u r e s  i s  t h e  l i k e l y  exp lana t ion  f o r  t h e  i n - s i t u  l e v e l s  be ing  
h igher .  The P l e x i g l a s  windows e x h i b i t  i n - s i t u  damping values s i g n i f i c a n t l y  
l a r g e r  than f o r  o t h e r  s t r u c t u r a l  elements. 

Damping va lues f o r  t h e  d i f f e r e n t  cons t ruc t i ons  when suspended i n  a i r ,  f r e e  f rom 
t h e  a i r f rame,  a re  a l s o  c o n s i s t e n t  w i t h  each o t h e r ,  and t h e  abso lu te  va lues a re  
lower  than when measured i n  t h e  a i r f rame.  Damping l o s s  f a c t o r  va lues o f  f r o m  
0 .01  t o  0.02 were t h e r e f o r e  used i n  c h a r a c t e r i z i n g  bo th  panel and frame sub- 
systems which connected w i t h  o t h e r  modeled subsystems i n  t h e  SEA model. 
Damping 1 oss f a c t o r s  f o r  subsystems which connected t o  s t r u c t u r a l  components 
n o t  modeled (and thus  represented energy f l o w i n g  o u t  o f  t h e  spac ia l  model ing 
range) were made a r t i f i c i a l l y  h ighe r  (approx imate ly  0.05) t o  form a proper  
t e r m i n a t i o n  f o r  t h e  model. 

Cabin r e v e r b e r a t i o n  and absorpt ion.  - Energy d i s s i p a t i o n  c h a r a c t e r i s t i c s  o f  an 
acous t i c  sDace a r e  t w i c a l l v  descr ibed bv a r e v e r b e r a t i o n  t i m e  o r  averaae 
energy abso rp t i on  c o e f f i  c i e n f  f o r  t h e  bound? ng sur faces o f  t h e  space, i n c l  ud i  i g  
absorb ing acous t i c  t reatments.  An SEA model o f  t h e  acous t i c  space requ i res  a 
va lue  f o r  t h e  l o s s  f a c t o r ,  which i s  s t r a i g h t f o r w a r d l y  ob ta ined from t h e  reve r -  
b e r a t i o n  t ime,  T,, accord ing  to :  

- 2.2 - -  
qa foTr 

As was t h e  case f o r  s t r u c t u r a l  subsystems, an i n - s i t u  energy decay measurement 
i nc ludes  energy which i s  t r a n s m i t t e d  o u t  o f  t h e  cab in  through s k i n  panels ,  
windows, bulkheads, e t c . ,  t o  a d j o i n i n g  spaces and t h e  e x t e r i o r  and, as w e l l ,  
energy which i s .  coup1 ed i n t o  resonant  s t r u c t u r a l  v i  b r a t i o n .  Energy t ransmi  s- 
s i p n  i n t o  s t r u c t u r e s  o r  spaces which a re  subsystems i n  t h e  SEA model i s  a l ready  
accounted f o r  i n  t h e  model by t h e  approp r ia te  coup l i ng  l o s s  f a c t o r  and should 
n o t  be i nc luded  i n  t h e  "measured" damping loss f a c t o r .  It i s  n o t  f e a s i b l e  t o  
remove t h i s  energy t ransmiss ion  and so t h e  exper iment r e l i e s  on t h i s  energy 
be ing  smal l  i n  comparison w i t h  t h e  energy a c t u a l l y  d i s s i p a t e d  due t o  abso rp t i on  
w i t h i n  the  cab in  and t h a t  energy which i s  t r a n s m i t t e d  t o  spaces which a re  n o t  
i nc luded  w i t h i n  t h e  SEA model, such as t h e  e x t e r i o r .  

Measured r e v e r b e r a t i o n  t imes f o r  t h e  S-76 cab in  i n  a bare i n t e r i o r  c o n d i t i o n  
a re  shown i n  F igu re  D15 (Appendix 0) a long w i t h  t h e  corresponding average w a l l  
absorp t ion  c o e f f i c i e n t  values. Spaces w i t h  abso rp t i on  c o e f f i c i e n t  values i n  
t h e  range f r o m  0 . 1  t o  0.2 a re  t y p i c a l l y  descr ibed as be ing  f r o m  medium l i v e  t o  
medium dead. 
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V i  b r a t i o n  Trans fer  Funct ions 

The most subs tan t i ve  body o f  da ta  f rom t h e  ground t e s t  measurements was t h e  
t r a n s f e r  f u n c t i o n s  r e s u l t i n g  f r o m  shaker l o c a t i o n s  a t  t h e  d i f f e r e n t  gearbox and 
h y d r a u l i c s  system attachment p o i n t s .  The measured da ta  i s  i n  t h e  form o f  t h e  
r a t i o  o f  measured a c c e l e r a t i o n  l e v e l s  on d i f f e r e n t  subs t ruc tures  throughout  t h e  
a i r f r a m e  r e l a t i v e  t o  t h e  a c c e l e r a t i o n  a t  t h e  shaker at tachment l o c a t i o n .  These 
measurements were performed a t  r e l a t i v e l y  low dynamic e x c i t a t i o n  l e v e l s  t o  
avo id  problems w i t h  non - l i nea r  e f f e c t s  i n  r i v e t e d  s t r u c t u r e s  and t h e r e f o r e  t h e  
t r a n s f e r  f u n c t i o n  l e v e l s  a r e  independent o f  t h e  e x c i t a t i o n  l e v e l .  I n  a d d i t i o n ,  
no l a r g e  s t a t i c  loads were a p p l i e d  t o  t h e  a i r f rame upper deck. 

The i n p u t  t o  t h e  SEA model i s  t h e  power i n j e c t e d  i n t o  t h e  a i r f r a m e  a t  t h e  
shaker attachment. The power f l o w  i s  sca led by t h e  v e l o c i t y  and t h e  r e a l  p a r t  
o f  t h e  a i r f r a m e  impedance a t  t h e  shaker attachment. Exper imental  est imates o f  
t h e  r e a l  component o f  i n p u t  impedance a re  i n h e r e n t l y  a more d i f f i c u l t  measure- 
ment r e q u i r i n g  accura te  phase d i s c r i m i n a t i o n .  The more compl icated t h e  s t r u c -  
t u r a l  geometry i n  t h e  r e g i o n  near t h e  at tachment p o i n t  t h e  more d i f f i c u l t  i t  i s  
t o  model t h e  i n p u t  impedance c h a r a c t e r i s t i c s  i n  e i t h e r  d e t e r m i n i s t i c  o r  s t a t i s -  
t i c a l  terms, i n  o rde r  t o  o b t a i n  t h e  i n p u t  power. 

The approach used t o  compare SEA p r e d i c t i o n s  w i t h  measured t r a n s f e r  f u n c t i o n  
da ta  was t o  sca le  t h e  p r e d i c t e d  l e v e l s  based upon measured l e v e l s  f o r  s t r u c -  
t u r a l  subsystems l i m i t e d  t o  t h e  r e g i o n  near t h e  shaker attachment. Th i s  
approach ( c o n s i s t e n t  w i t h  t h e  approach descr ibed i n  t h e  Phase I r e p o r t )  u t i -  
l i z e s  t h e  measured v i b r a t o r y  response o f  a d i r e c t l y  e x c i t e d  subsystem t o  
eva lua te  t h e  subsystem modal energy which then becomes a source term on t h e  
r i g h t  hand s ide  o f  t h e  system equat ions.  Th is  i n  e f f e c t  e l i m i n a t e s  t h e  d i r e c t  
force e x c i t a t i o n  f r o m  t h e  system equat ions,  r e p l a c i n g  i t  w i t h  t h e  modal energy 
o f  t h e  d i r e c t l y  e x c i t e d  subsystems as t h e  source. 

Four subsystems ad jacent  t o  and i n c l  u d i  ng t h e  1 ongi  t u d i  na l  frame s e c t i o n  t h a t  
t h e  gearbox a t taches  t o  were used i n  s c a l i n g  t h e  SEA p r e d i c t i o n s .  These 
inc luded  t h e  frame sec t i on ,  LF14, and ad jacent  panels  OP12, OP23, and OP34. 
The panels connect d i r ec t ly  t o  the frame section. A scal ing f a c t o r ,  in dB, a t  
each frequency was determined by s h i f t i n g  up o r  down p r e d i c t e d  l e v e l s  f o r  these 
subsystems so t h a t  t h e  n e t  d i f f e r e n c e  between measured and p r e d i c t e d  l e v e l s  was 
zero. The sca le  f a c t o r  was then a p p l i e d  t o  t h e  p r e d i c t i o n s  f o r  a l l  subsystems 
a t  t h e  p a r t i c u l a r  f requency i n  genera t ing  t h e  subsequent comparisons. 

The comparisons a re  presented as s p a t i a l  d i s t r i b u t i o n s  o f  l e v e l s  f o r  va r ious  
subsystems f o r  a p a r t i c u l a r  octave frequency band. Th is  form o f  p r e s e n t a t i o n  
a s s i s t s  i n  develop ing an understanding o f  how energy spreads o u t  from a loca-  
l i z e d  source , i . e . ,  a gearbox at tachment p o i n t  i n t o  a compl icated s t r u c t u r e  
such as t h e  h e l i c o p t e r  a i r f rame.  To f u r t h e r  develop t h i s  understanding t h e  
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SEA model was u t i l i z e d  t o  generate a quan ta t i ve  d e s c r i p t i o n  o f  t h e  power f l o w  
i n t o  and o u t  o f  d i f f e r e n t  subsystems. Th is  i n f o r m a t i o n  helps descr ibe  t h e  
"paths" by which t h e  i n p u t  power d isperses th roughout  t h e  s t r u c t u r e .  A "path"  
d e s c r i p t i o n ,  i m p l y i n g  s e q u e n t i a l l y  connected subsystems, i s  somewhat o f  a 
simp1 i f i c a t i o n  f o r  t h e  h i g h l y  in te rconnected  and compact he1 i c o p t e r  a i r f rame.  

Gearbox at tachment shaker l o c a t i o n s :  measured r e s u l t s .  - Measured v i  b r a t i o n  
t r a n s f e r  f u n c t i o n s  f o r  qearbox at tachment l o c a t i o n s  a r e  shown i n  F iqures  D16 
through D21. Comparing r e s u l t s  f o r  o n l y  t h e  r e a r  r i g h t  s i d e  at tachment loca-  
t i o n  w i t h  shaker e x c i t a t i o n  i n  d i f f e r e n t  d i r e c t i o n s  (RRV, RRLT, RRLNG) r e v e a l s  
a remarkable comparabi 1 i ty. A u n i t  mot ion a t  t h i s  at tachment 1 oca t i on  produces 
comparable response a t  d i f f e r e n t  1 oca t i ons  i n  t h e  cab; n regard1 ess o f  t h e  
d i r e c t i o n  o f  t h e  source motion. 

For t h e  l e f t  f r o n t  at tachment l o c a t i o n s  (FLV, FLLT) t h e  cab in  s t r u c t u r e  re -  
sponse l e v e l s  a re  s i g n i f i c a n t l y  d i f f e r e n t  depending on d i r e c t i o n  o f  mot ion.  
L a t e r a l  mot ion a t  t h i s  at tachment l o c a t i o n  produced 15 - 20 dB l e s s  response i n  
t h e  cab in  s t r u c t u r e  than  f o r  v e r t i c a l  e x c i t a t i o n .  It was n o t  p o s s i b l e  t o  
measure w i t h  1 ongi  t u d i  na l  e x c i t a t i o n  a t  t h i s  1 oca t ion .  Measurements o f  imped- 
ance magnitudes show t h e  l a t e r a l  d i r e c t i o n  a t  t h e  f r o n t  at tachment p o i n t s  t o  be 
o f  general  l y  1 ower i n p u t  impedance. 

L a t e r a l  c o n s t r a i n t  i s  p rov ided  a t  t h e  fo rward  gearbox at tachment l o c a t i o n s  by 
two c ross  frames (CF3L and CF3R) and a t  t h e  r e a r  at tachment l o c a t i o n s  by t h e  
r e a r  passenger bulkhead (RB) and two c ross  frames (CF2L and CF2R). The fo rward  
l o c a t i o n  i s  dynamica l l y  s o f t e r  i n  t h e  l a t e r a l  d i r e c t i o n  (compared t o  t h e  r e a r  
l o c a t i o n )  because CF3 te rmina tes  a t  t h e  r e l a t i v e l y  s o f t  pe r ime te r  member PP14.  

E x c i t a t i o n  of t h e  frame member t o  which t h e  gearbox a t taches  i n  t h e  v e r t i c a l  
d i r e c t i o n  and l o n g i t u d i n a l l y  a long t h e  frame a x i s  would be expected t o  be dy- 
namica l l y  o f  h ighe r  impedance, s ince  f o r  these d i r e c t i o n s  t h e  d r i v e  i s  d i r e c t l y  
i n t o  t h e  l o a d  bear ing  s t r e n g t h  o f  these frames. 

Absolute t r a n s f e r  f u n c t i o n  l e v e l s  f o r  t h e  source s i d e  panels  a r e  s i g n i f i c a n t l y  
g r e a t e r  than zero,  by as much as 20-30 dB f o r  f requencies above 500 Hz and 
panels  immediately ad jacent  t o  t h e  e x c i t e d  frame member. For  t h e  500 Hz octave 
band t h e  l e v e l s  a re  i n  t h e  range o f  10-15 dB. T rans fe r  f u n c t i o n  l e v e l s  drop 
b6low zero f o r  t h e  panels  overhead o f  t h e  fo rward  passenger and p i l o t  s e a t i n g  
1 o c a t i  ons . 
For  s t r o n g l y  connected s t r u c t u r e s  t h a t  a re  n o t  h e a v i l y  damped t h e  modal ener- 
g i e s  o f  t h e  d i f f e r e n t  subsystems w i l l  t end  t o  be more n e a r l y  equal .  I n  general  
w i t h i n  t h e  S-76 a i r f rame t h e  s t r u c t u r e  i s  o f  l i g h t e r  c o n s t r u c t i o n  a t  f u r t h e r  
d i s tance  f r o m  t h e  gearbox. For  a g i ven  modal energy t h i s  corresponds t o  h ighe r  
response v i b r a t i o n  l e v e l s  f o r  t h e  1 i g h t e r  subsystem. 
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Overhead panels  on t h e  s i d e  oppos i te  t o  t h e  source a l s o  show t h e  lower  l e v e l s  
f o r  t h e  fo rward  l e f t  at tachment p o i n t  when d r i v e n  i n  t h e  l a t e r a l  d i r e c t i o n  (see 
F igures  D21a t o  D21d). The l e v e l s  a re  8-12 dB lower  than f o r  t h e  source s i d e  
panels  regard less  ' o f  e x c i t a t i o n  d i r e c t i o n  and l o c a t i o n  which i s  i n d i c a t i v e  of 
t h e  f a l l  o f f  i n  l e v e l  l a t e r a l l y  across t h e  cab in  overhead. 

Comparisons o f  measured t r a n s f e r  f u n c t i o n s  w i t h  SEA p r e d i c t i o n s .  - Comparisons 
between S t A  p r e d i c t i o n s  and measured t r a n s f e r  f u n c t i o n s  a re  shown i n  F igures  E l  
t o  E25. The f i g u r e s  cover  f i v e  d i f f e r e n t  e x c i t a t i o n  cases i n v o l v i n g  two shaker 
l o c a t i o n s  and t h r e e  d i r e c t i o n s  o f  f o r c e  a p p l i c a t i o n ,  as w e l l  as f o u r  octave 
frequency bands. The gearbox at tachment s t r u c t u r a l  c o n f i g u r a t i o n  can be seen 
i n  Photos P4 through P6. D isce rn ing  t rends  i n  t h e  comparisons i s  d i f f i c u l t .  

Overa l l ,  t h e  agreement i s  c o n s i s t e n t l y  good though t h e r e  a r e  cases where 
s i g n i f i c a n t  d isc repanc ies  o f  10 dB o r  more occur. There may be a s l i g h t  
tendency f o r  t h e  SEA model t o  over  p r e d i c t  panel response l e v e l s  f o r  h ighe r  
f requency bands and f o r  panels  t h a t  a r e  f u r t h e r  fo rward  i n  t h e  cab in  o r  on t h e  
oppos i te  s i d e  f rom t h e  at tachment and down onto t h e  cab in  s idewa l l .  The model 
p r e d i c t s  frame out -o f -p lane bending response l e v e l s  w i t h  s i m i l a r  agreement as 
i t  does s k i n  panel  l e v e l s .  

P a r t i c u l a r  panel s t r u c t u r e s  i n c l u d i n g  t h e  read bulkhead and d r i p  pan appear t o  
shown g r e a t e r  d isc repanc ies  than o ther ,  composite honeycomb panels.  Both a r e  
convent ional  r i v e t e d  aluminum s i n g l e  sheet panels w i t h  angle s t i f f e n e r s .  The 
panels  a re  l e s s  "homogeneous" than t h e  honeycomb panels  and t h i s  may a f f e c t  
e s t i m a t i o n  o f  t h e  measured average response over  t h e  sur face  o f  t h e  panel .  The 
SEA p r e d i c t i o n  i s  o f  an average response l e v e l .  Greater  numbers o f  measurement 
p o i n t s  would reduce u n c e r t a i n t i e s  i n  t h e  measurement o f  average subsystem 
response. 

The SEA model p rov ides  a d e s c r i p t i o n  o f  t h e  power f l o w  between t h e  subsystems 
o f  t h e  model. Where c o n s i s t e n t  d iscrepancies do e x i s t ,  t h i s  fea tu re ,  which i s  
d i s t i n c t i v e  o f  SEA modeling, can be u t i l i z e d  t o  i d e n t i f y  p o s s i b l e  sources o f  
t h e  problems w i t h  t h e  model. A power f l o w  d e s c r i p t i o n  o f  " t ransmiss ion"  paths 
through t h e  cab in  overhead s t r u c t u r e  i s  i l l u s t r a t e d  i n  Table F2. S t a r t i n g  w i t h  
t h e  f r o n t  w indsh ie ld  the  pr imary  power f l o w  c o n t r i b u t i o n s  a re  i d e n t i f i e d .  The 
d e s c r i p t i o n  i s  extended by l o o k i n g  a t  t h e  c o n t r i b u t i o n s  f o r  each o f  these 
subsystems. I n  t h i s  manner paths a re  t raced  back t o  t h e  source subsystem. 

For t h e  w indsh ie ld  t h e  p r imary  pa th  leads from the  w indsh ie ld  t o  t h e  overhead 
s k i n  panels  above t h e  p i l o t  t h a t  a re  ad jacent  t o  t h e  w indsh ie ld ,  and then a long 
t h e  main l o n g i t u d i n a l  frame on t h e  l e f t  s i de  back t o  t h e  gearbox at tachment 
p o i n t .  An over  p r e d i c t i o n  o f  t h e  w indsh ie ld  response l e v e l  may be assoc ia ted  
w i t h  t h e  s t r u c t u r a l  connect ions a long the  pr imary  power f l o w  path . '  P red ic ted  
coup l i ng  l o s s  f a c t o r s  may be t o o  l a rge .  
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Damping a l s o  p l a y s  a very  impor tan t  r o l e  i n  c o n t r o l l i n g  t h e  d i s t r i b u t i o n  o f  
response. Larger  e f f e c t i v e  damping r e s u l t s  i n  a more r a p i d  decrease i n  re -  
sponse away f rom a source. The damping i n  s t r u c t u r e s  ad jacent  t o  those t h a t  
form t h e  p r imary  power t ransmiss ion  p a t h  can a l s o  be impor tan t  dependent on t h e  
degree o f  c o u p l i n g  t o  t h e  p r imary  p a t h  s t r u c t u r e .  

The power f l o w  p a t h  d e s c r i p t i o n  i s  a l s o  u s e f u l  i f  t h e  pr imary  paths i d e n t i f i e d  
a r e  imp laus ib le  and t o  n o t  f i t  w i t h  one 's  i n t u i t i v e  understanding and exper i -  
ence concern ing t h e  s t r u c t u r e  as a whole o r  i n d i v i d u a l  subsystems. Th is  was 
t h e  case f o r  an e a r l y  v e r s i o n  o f  t h e  S-76 SEA model. A per imeter  frame s t r u c -  
t u r e  between t h e  overhead and s i d e  w a l l  panels  was o r i g i n a l l y  modeled as a 
frame whereas t h e  ac tua l  s t r u c t u r e  i s  cons iderab ly  s o f t e r  and more approp r i -  
a t e l y  cha rac te r i zed  by p l a t e  l i k e  bending de format ion  o f  i t s  c ross-sec t ion .  As 
o r i g i n a l l y  modeled a p r imary  power f l o w  p a t h  i s  i l l u s t r a t e d  i n  Table F 1  was 
a long t h e  pe r ime te r  frame and r e s u l t e d  i n  a more pronounced over  p r e d i c t i o n  o f  
response l e v e l s  fo rward  i n  t h e  cabin.  

Hydrau l i cs  at tachment shaker l o c a t i o n s .  - As descr ibed i n  t h e  Phase I r e p o r t  
111, h y d r a u l i c s  no ise  i s  presen t  i n  t h e  bare cab in  c o n f i g u r a t i o n .  The mecha- 
nism f o r  t h i s  t ransmiss ion  o f  energy f o l l o w s  severa l  paths.  The h y d r a u l i c  
system c o n s i s t s  o f  gear d r i v e n  p i s t o n  pumps which a re  d r i v e n  by (and l o c a t e d  
on) t h e  main gearbox. The gear mesh fo rces  t r a n s m i t  through t h e  bear ing  
suppor ts  t o  t h e  gearbox housing and then down t o  t h e  gearbox/air f rame a t tach -  
ment p o i n t s .  Th i s  i s  p robab ly  t h e  s t ronges t  p a t h  i n t o  t h e  a i r f rame f o r  hy- 
d r a u l i c s  v i b r a t o r y  energy. A secondary energy p a t h  i s  p rov ided by t h e  hydrau- 
1 i c s  t u b i n g  at tachment p o i n t s  a long t h e  a i r f r a m e  s t r u c t u r e  ( a t  approx imate ly  
0.5m separat ions) .  

Several t y p i c a l  upper deck frame and panel  h y d r a u l i c s  1 i n e  at tachment l o c a t i o n s  
were e x c i t e d  us ing  t h e  shaker and a v a r i e t y  o f  t r a n s f e r  f u n c t i o n s  t o  o t h e r  
subsystems were measured (see F igures  D22 t o  D26). 

. 

V i  b ro /Acoust ic  T rans fe r  Funct ions 

Measurements o f  t h e  sound pressure  1 eve1 s c rea ted  by  v i  b r a t o r y  i nputs were 
performed t o  c h a r a c t e r i z e  t h e  main gearbox at tachment l oca t i ons /cab i  n acous t i c  
t t a n s f e r  f unc t i ons .  V i  b r a t i o n  e x c i t e r s  a t tached a t  t h r e e  main gearbox a t tach -  
ment 1 oca t ions  and d i r e c t i o n s  p rov ided  t h e  i nput  a c c e l e r a t i o n ,  whi 1 e micro-  
phones i n  t h e  cab in  and luggage compartment measured t h e  r e s u l t i n g  sound 
pressure.  These measurements, performed w i t h  t h e  main gearbox removed, p rov ide  
i n f o r m a t i o n  about t h e  a i r f rame response. 

The measurement da ta  i s  presented i n  t h e  form o f  t h e  r a t i o  o f  sound pressure  
l e v e l  (dB r e  20 micropascals)  t o  i n p u t  a c c e l e r a t i o n  l e v e l  (dB r e  1 x 
m/s2). F o r  example g iven an a c c e l e r a t i o n  l e v e l  o f  130 dB and a t r a n s f e r  
f u n c t i o n  l e v e l  o f  -30 dB i n  a g i ven  octave band, t h e  r e s u l t i n g  sound pressure 
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would be (-30) + 130 = 100 dB sound pressure.  Th is  da ta  i s  presented i n  
F igures  D27 through D29, and shows t h a t  t h e  v e r t i c a l  i n p u t s  (FAL and RAL) 
p rov ide  n e a r l y  equal response, whi 1 e t h e  1 a t e r a l  FAL i n p u t  y i e l d s  approx imate ly  
20 dB l e s s  response i n  t h e  cab in  and luggage compartment. The a f t  cab in  
l o c a t i o n  shows i t s  closeness t o  t h e  source (main gearbox at tachments a r e  
d i r e c t l y  overhead) by hav ing t h e  h ighes t  t r a n s f e r  f u n c t i o n  va lues f o r  each 
at tachment 1 o c a t i o n  and d i  r e c t i o n .  A1 so, t h e  1 uggage compartment, as expected, 
shows 1 ower response than t h e  cabin.  Response 1 eve1 decreases w i t h  i n c r e a s i n g  
frequency f o r  a1 1 l o c a t i o n s  measured. 

Acoust ic  Trans fer  Funct ions 

Acoust ic  t r a n s f e r  f u n c t i o n s  cha rac te r i ze  t h e  d i f f e r e n c e  i n  sound pressure l e v e l  
between a source c a v i t y  and a r e c e i v e r  c a v i t y ,  which a r e  separated by an i n t e r -  
vening subsystem o r  s e t  o f  subsystems. Th is  da ta  i s  shown as t h e  d i f f e r e n c e  i n  
l e v e l  between source and r e c e i v e r  (see F igure  D30). These r e s u l t s  a re  compl i -  
ca ted  by t h e  f a c t  t h a t  t h e  power t ra in  (engines and main gearbox) were removed 
d u r i n g  these t e s t s ,  as w e l l  a5 some o f  t h e  gearbox cowl ing.  Source l o c a t i o n s  
i nc luded  t h e  " racecar" ,  which i s  above t h e  fo rward  and mid cab in  cen te r  loca-  
t i o n s ,  t h e  gearbox space which i s  above t h e  cen te r  a f t  cabin,  and t h e  luggage 
compartment, which i s  a f t  o f  t h e  cabin.  

The da ta  shows lowest  response l e v e l s  f rom the  racecar  source, and h ighes t  f rom 
t h e  gearbox source l o c a t i o n .  These r e s u l t s  f o l l o w  general  mass law t rends ,  as 
t h e  racecar  source i s  separated from t h e  cab in  by t h i c k  aluminum honeycomb 
panel s w i t h  f 1 i g h t  c o n t r o l  s hardware at tached, whi l e  t h e  gearbox source space 
sees t h e  d r i p  pan, a r e l a t i v e l y  l i g h t w e i g h t  i n t e r v e n i n g  panel .  

Ground Tes t  Compari sons-Stat: s t i c a l  Data 

The comparison o f  measurements w i t h  p r e d i c t i o n s  o f  ground t e s t  da ta  i s  a t a s k  
compl icated by t h e  amount o f  i n f o r m a t i o n  needing summary. Some bas ic  s t a t i s -  
t i c s ,  t h e r e f o r e ,  can r e v e a l  t h e  general  t rends  o f  t h e  p r e d i c t i o n s  f o r  cu rso ry  
examinat ion.  The s t a t i s t i c a l  da ta  revea ls  t h a t  t h e r e  e x i s t s  a group o f  sub- 
systems t h a t  a re  mis -pred ic ted  f o r  each e x c i t a t i o n  and frequency. These 
subsystems g e n e r a l l y  a re  a t  a s i g n i f i c a n t  d is tance f r o m  t h e  source e i t h e r  
forward on t h e  a i r c r a f t  o r  across t h e  a i r f rame l a t e r a l l y ,  o r  a re  r e l a t i v e l y  
1 i g h t w e i g h t  panels  whose j u n c t i o n  model ing may be suspect. These subsystems 
g e n e r a l l y  i n c l u d e  CPM, RB and OP14D, and SP14L f o r  r i g h t  s i d e  e x c i t a t i o n .  The 
o v e r a l l  average measured minus p r e d i c t e d  d e l t a ' s  range from +7.7 dB a t  500 hz 
f o r  FAL l a t e r a l  e x c i t a t i o n  t o  -7.2 dB a t  4000 hz f o r  RAR l a t e r a l ,  and t h e  t r e n d  
towards i n c r e a s i n g  o v e r p r e d i c t i o n  w i t h  i nc reas ing  frequency i s  ev ident .  (See 
F igures  E32 through E37 and Table E l . )  
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FLIGHT TEST MEASUREMENT PROGRAM 

The p r imary  o b j e c t i v e s  f o r  t h e  f l i g h t  t e s t  measurement program were to :  1) 
o b t a i n  measurements f rom which source l e v e l s  cou ld  be determined and 2) measure 
t h e  frame, panel ,  and a c o u s t i c  s p a t i a l  response l e v e l s  corresponding t o  those 
i n - f l i g h t  source l e v e l s .  As i n d i c a t e d  i n  F igu re  2, t h e  purpose f o r  these 
measurements was t o  p r o v i d e  i n p u t  power l e v e l s  and da ta  f o r  o v e r a l l ,  i n - f l i g h t  
v a l i d a t i o n  o f  t h e  model. Measurements were made t o  o b t a i n  v i b r a t i o n  l e v e l s  o f  
var ious  subsystems and no ise  l e v e l s  o f  t h e  cab in  acous t i c  space on an S-.76 
d u r i n g  hover and 75 m/s fo rward  f l i g h t .  V i b r a t i o n  l e v e l s  a t  t h e  f o u r  main 
t ransmiss ion  at tachment l o c a t i o n s  i n  each o f  t h r e e  p r i n c i p a l  d i r e c t i o n s  were 
measured. These have been used t o  sca le  t h e  v i b r a t o r y  power f l o w  i n t o  t h e  
a i r f rame.  V i  b r a t i o n  1 eve l  s were measured by mounting accelerometers on to  
va r ious  subsystems. Acous t ic  l e v e l  measurements were performed a t  twe lve  
d i f f e r e n t  l o c a t i o n s  i n  t h e  cabin,  c o n c u r r e n t l y  w i t h  t h e  v i b r a t i o n  measurements. 

FLIGHT TEST RESULTS AND COMPARISONS WITH SEA PREDICTIONS 

Introduction 

The f l i g h t  t e s t  r e s u l t s  a re  d i v i d e d  i n t o  two p a r t s ,  t h e  f i r s t  o f  which de- 
sc r i bes  s imp ly  t h e  r e s u l t s  o f  t h e  measurements taken i n  terms o f  v e l o c i t y  o r  
sound pressure 1 evel  s. The second descr ibes compari son o f  t h e  SEA p r e d i c t i o n s  
w i t h  f l i g h t  t e s t  measurements which i nc ludes  t h e  i n p u t  source s c a l i n g  i n t o  t h e  
a i r f r a m e  under f 1 i g h t  c o n d i t i o n s  , and c a l  c u l  a t i  on o f  SEA p r e d i c t i o n s .  

Cabin Acoust ic  Environment Survey 

The i n - f l i g h t  bare ( i . e .  un t rea ted)  a c o u s t i c  environment o f  t h e  passenger cab in  
and p i l o t / c o p i l o t  c o c k p i t  spaces i s  dominated by main gearbox gear c l a s h  
r e l a t e d  noise.  Th is  can be seen i n  t h e  narrowband spec t ra  shown F igu re  D55, 
where these gearbox tones are  apparent.  As can be seen, these tone l e v e l s  a re  
hi,ghest i n  t h e  a f t  cab in  (under t h e  gearbox) and p r o g r e s s i v e l y  d i m i n i s h  i n  
l e v e l  moving fo rward  i n  t h e  a i r c r a f t .  The cab in  average SIL4 measured d u r i n g  
f l i g h t  was 99.7 dB, which i s  t y p i c a l  f o r  t h i s  a i r c r a f t  and c o n f i g u r a t i o n .  

When t h e  a i r c r a f t  i s  completed w i t h  an execu t i ve  t ype  i n t e r i o r  t rea tment  (Photo 
P25), t h e  cab in  average no ise  l e v e l s  a re  i n  t h e  72 t o  78 dB SIL4 range, depend- 
i n g  on customer op t i ons  and some a i r c r a f t  t o  a i r c r a f t  v a r i a t i o n .  Th is  bare vs. 
t r e a t e d  d i f fe rence leads n a t u r a l l y  t o  t h e  nex t  phase i n  t h e  model development: 
i n c l u s i o n  o f  i n t e r i o r  t rea tment  types i n  t h e  SEA model. I t s  subsequent v a l i d -  
a t i o n  i s  r e q u i r e d  f o r  a complete d e s c r i p t i o n  o f  t h e  f i n i s h e d  a i r c r a f t  and a 
complete p r e d i c t i o n  c a p a b i l i t y .  Th is  c a p a b i l i t y  i s  impor tan t  f o r  t h e  e f f i c i e n t  
redesign o f  more e f f e c t i v e  acous t i c  t rea tment  on c u r r e n t  a i r c r a f t  and the  
des ign o f  t rea tment  f o r  new a i r c r a f t  which have n o t  yet been b u i l t .  
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I n  F1 i g h t  Acoust ic  and V i  b r a t o r y  Measurements 

I n - f l i g h t  measurements o f  no ise  and v i b r a t i o n  d u r i n g  hover and 75m/s fo rward  
f l i g h t  a re  summarized i n  F igures  D31 t o  D55. V i b r a t i o n  measurements taken 
i n - f l i g h t  a re  summarized i n  F igures  D31 t o  D46. V e r t i c a l ,  l a t e r a l ,  and l o n g i -  
t u d i n a l  measurements were made a t  t h e  f o u r  at tachment l o c a t i o n s  f o r  t h e  main 
t ransmiss ion  on t h e  a i r f rame.  These measurements a r e  summarized i n  F igures  D31 
through 041. These show t h e  l e f t  s i d e  f r o n t  and r e a r  at tachment p o i n t s  i n  t h e  
l a t e r a l  d i r e c t i o n  t o  be t h e  h ighes t  i n  bo th  fo rward  f l i g h t  and hover,  i n  t h e  
500 and 1000 Hz octave bands. Measurements taken on va r ious  subsystems a r e  
shown i n  F igures  D42 t o  D46. 

The a i r c r a f t  octave band no ise  l e v e l s  d u r i n g  hover and 75m/s fo rward  f l i g h t  a re  
shown i n  F igu re  D47 through D54. I n  bo th  cond i t i ons ,  t h e  1000 Hz octave, which 
conta ins  t h e  main t ransmiss ion  b u l l  gear c l a s h  and t h e  main bevel  gear c l a s h  
f requencies,  dominates. I n  genera l ,  t h e  sound pressure l e v e l s  d u r i n g  75m/s 
fo rward  f l i g h t  and hover a r e  approx imate ly  equal .  The measurement l o c a t i o n s  
a re  shown i n  F igu re  C10. 

Comparison o f  SEA P r e d i c t i o n s  Wi th  F1 i g h t  Tes t  Measurements 

The f l i g h t  t e s t  measurement program produced da ta  f o r  bo th  v i b r a t o r y  and 
acous t i c  l e v e l s  i n  t h e  S-76. SEA p r e d i c t i o n s  a re  made f o r  t h e  a i r f rame s t r u c -  
t u r e  r e l a t i v e  t o  t h e  source i n p u t  d i r e c t i o n  and magnitude. Main gearbox 
e x c i t a t i o n  o f  t h e  l o n g i t u d i n a l  frames LF14L and LF14R i s  represented i n  t h e  
model by in -p lane ( l a t e r a l )  and ou t -o f -p lane ( v e r t i c a l / l o n g i t u d i n a l )  energy 
i npu t .  The e s t i m a t i o n  o f  i n p u t  energy l e v e l s  i s  thus a key element i n  making 
comparisons o f  ac tua l  l e v e l s .  An a d d i t i o n a l  element i n  these comparisons i s  
t h e  r e l a t i v e  t rends  assoc ia ted  w i t h  t h e  p r e d i c t i o n s ,  b o t h  i n  f requency and 
s p a t i a l  ex ten t .  A d e s c r i p t i o n  o f  t h e  source s c a l i n g  procedure i s  conta ined i n  
Appendix E.  

E r r o r  D iscuss ion  

There a re  many i tems which can c o n t r i b u t e  t o  d i f f e r e n c e s  between measurements 
and p r e d i c t i o n s  o f  subsystem energy and v i b r a t o r y  l e v e l s .  The f i r s t  obvious 
one i s  t h a t  t h e  SEA p r e d i c t s  t h e  energy l e v e l  o f  each subsystem w h i l e  a s ingu-  
l a r  measurement (e.g., an accelerometer p laced on a panel t o  measure v i b r a t i o n  
l e v e l )  can o n l y  measure t h e  energy a t  t h a t  l o c a l  p o i n t .  Th i s  i s  p robab ly  the  
l a r g e s t  cause o f  d iscrepancies.  To reduce t h i s  source o f  disagreement, severa l  
measurement p o i n t s  were se lec ted  f o r  each subsystem and the  combined r e s u l t s  
a re  those r e p o r t e d  as t h e  measured va lue.  
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Other reasons f o r  disagreement inc lude:  a) s t r u c t u r a l  d i s c o n t i n u i t i e s  w i t h i n  a 
subsystem element which a re  conver ted t o  "average" values i n  t h e  model, b )  
cu rva tu re  o f  panels ,  and c) background no ise  d u r i n g  ground t e s t i n g .  Even i n  a 
" q u i e t "  f a c i l i t y ,  low l e v e l  a i r b o r n e  no ise  e x c i t e s  l i g h t w e i g h t  subsystems. 

CONCLUDING COMMENTS 

Since t h i s  i s  t h e  f i r s t  comprehensive comparison o f  SEA p r e d i c t i o n s  w i t h  
measured a i r c r a f t  data,  t h e r e  a re  severa l  impor tan t  conc lus ions t o  be men- 
t ioned.  F i r s t ,  SEA model ing has now been shown t o  p rov ide  a complete descr ip -  
t i o n  o f  t h e  energy f l o w  w i t h i n  t h e  s t r u c t u r e  w i t h  a r e l a t i v e l y  smal l  number o f  
degrees o f  freedom w h i l e  r e t a i n i n g  t h e  h i g h  frequency p r e d i c t i o n  c a p a b i l i t y  
r e q u i r e d  f o r  acous t ics .  Second, v i  b r a t i o n  t rends  f o r  s t r u c t u r a l  elements 
(panels and frames) agree w e l l  w i t h  p r e d i c t i o n s .  T h i r d ,  p r e d i c t e d  cab in  sound 
pressure l e v e l s  a re  i n  good agreement w i t h  measured l e v e l s .  Four th,  t h e  SEA 
model ing technique prov ides  i n s i g h t  i n t o  t h e  energy f l o w  through t h e  s t r u c t u r e  
and t h e r e f o r e  h i g h l i g h t s  areas where t rea tment  can be most e f f e c t i v e .  

RECOMMENDATIONS 

The nex t  l o g i c a l  s tep  w i l l  be to :  1) inco rpo ra te  acous t i c  t rea tment  models 
i n t o  t h e  SEA model and 2) t o  app ly  t h e  model ing technique t o  o t h e r  a i r c r a f t  t o  
demonstrate t h e  gener ic  aspects o f  SEA. The f i r s t  recommendation i s  now 
underway as Phase I11 o f  t h i s  NASA c o n t r a c t  and a p p l i c a t i o n s  t o  o t h e r  a i r c r a f t  
a r e  be ing  pursued. 
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APPENDIX A 

LIST OF SYMBOLS 

A 

B 

C 

Cbl 

e 

E 

f 

F 

G 

h 

H 

i 

I 

J 

k 

L '  

m 

M 

frame c ross -sec t i ona l  area 

bend; ng r i g i d i t y  

wavespeed-subscripts r e f e r  t o  t ype  o f  mot ion 

b locked force/moment c o e f f i c i e n t ,  subsc r ip t s  r e f e r  
t o  t ype  o f  mot ion 

Naper ian base 

Young's modulus 

f requency 

f o r c e  

shear modulus 

frame h e i g h t  

de f i ned  by Equat ions (F9b) and (F15b) 

imaginary number, ,/?I 

area moment o f  i n e r t i a  o f  frame c ross -sec t i on  

t o r s i o n a l  r i g i d i t y  o f  c ross -sec t i on  

wave number 

1 ength 

mass 

moment 

mode d e n s i t y  

r e f  1 e c t i o n  c o e f f i c i e n t  

r e a l  p a r t  o f  a complex 

r a d i a t i o n  res i s tance  

f u n c t i o n  
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S 

t 

Tr 
U 

v 

x, Y, z 

Y 

Z 

Greek 

Y 

E 

q i , d  - 
q i j  

k Y , Z  

e 

TI 

n ’  
P 

(3 

1 

t 

‘ij 
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L IST OF SYMBOLS (Cont ’d)  

s p e c t r a l  d e n s i t y  

t ime  

r e v e r b e r a t i o n  t ime  o f  subsystem 

p a r t i c a l  d isplacement 

v e l o c i t y  

coo rd i  nate p o s i t i o n s  

mechanical mobi 1 i t y  

i n d i v i d u a l  frame j u n c t i o n  impedance, ( ) i d e n t i f i e s  frame 
number 

shear s t r a i n  

normal s t r a i n  

damping l o s s  f a c t o r  f o r  subsystem i 

coup l i ng  l o s s  f a c t o r  between subsystems i and j 

displacements i n  t h e  r e s p e c t i v e  coo rd ina te  d i r e c t i o n s  

angular  displacement 

P i  

power 

d e n s i t y  

normal s t r e s s  

summation 

shear s t r e s s  

t ransmiss ion  c o e f f i c i e n t  



LIST OF SYMBOLS (Cont ld)  

Greek (Cont ' d) 

@ - o r i e n t a t i o n  angle o f  frame w i t h  respec t  t o  source frame 

w - r a d i a n  frequency, 2n f  

Subscr ip ts  

a - acous t i c  

d - decaying, o r  damping 

f - t ransverse  f o r c e  

f, e - cross terms 

- fr frame 

9 - group 

i, j - subsystem index numbers 

i nc i n c i d e n t  

m - moment 

P - propagat ing  wave, o r  p o l a r  

r a d  - r a d i a t e d  

t r a n s  - t r a n s m i t t e d  

x,  Y, - coord ina te  a x i s  d i r e c t i o n s  

Superscr i p t s 

a - about t h e  frame/panel i n t e r s e c t i o n  j u n c t i o n  

b l  - b locked 

fr - frame 

f r e e  - unattached 

i nc - i n c i  dent  

i P  - in -p lane frame mot ions 
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LIST OF SYMBOLS (Cont 'd)  

Superscr ip ts  (Cont '  d) 

- 3 

O P  

P 

- 
- 

* - 
- 0 

Subsystems 

LFi jL,R - 

CFiL,M,R - 
O P i j L , M , R  - 

PPijL,R - 

SPijL,R - 

FWL,R - 

RB - 

j u n c t i o n  

o u t - o f - p l  ane frame mot ions 

panel 

Shaker at tachment 

compl ex conjugate 

t ime  d e r i v a t i v e  

main 1 ongi  t u d i  na l  frame between cross frames 
i&j, l e f t  and r i g h t  

c ross  frame number i ,' l e f t ,  middle,  and r i g h t  

overhead panel  between cross frames 
i&j, l e f t ,  middle,  and r i g h t  

pe r ime te r  panel between c ross  frames 
i & j ,  l e f t  and r i g h t  

s i d e  panel  between c ross  frames i & j ,  l e f t  and 
r i g h t  

f r o n t  w indsh ie lds ,  l e f t  and r i g h t  

r e a r  bulkhead 

FL - - f r o n t  l e f t  gearbox/ai  r f rame attachmen 1 o c a t i  on (FAL) 

RR - - r e a r  r i g h t  gearbox/ai  rf rame at tachment 1 o c a t i  on (RAR) 

Shaker d i r e c t i o n  

V - v e r t i c a l  
-LT - l a t e r a l  
L N G  - - 1 ongi  t u d i  na l  - 
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I n t r o d u c t i o n  

Appendix B covers t h e  general  s t r u c t u r a l  d e s c r i p t i o n  o f  t h e  S-76 he1 i c o p t e r ,  
s e l e c t i o n  o f  SEA subsystems, and t a b u l a t i o n  o f  phys i ca l  p r o p e r t i e s  r e l a t e d  t o  
these SEA subsystems. 

D e s c r i p t i o n  o f  t h e  S-76 Air f rame.  

As p r e v i o u s l y  descr ibed,  t h e  p r imary  source o f  h e l i c o p t e r  cab in  no ise  i n  an 
un t rea ted  c o n f i g u r a t i o n  i s  t h e  gearbox. It i s  a source o f  bo th  acous t i c  and 
v i  b r a t o r y  energy t h a t  i s  t r a n s m i t t e d  i n t o  t h e  cab in  acous t i ca l  l y  through 
i n t e r v e n i n g  panel  s and spaces and v i b r a t i o n a l  l y  through t h e  a i r f rame s t r u c t u r e  
t o  panel  sur faces t h a t  r a d i a t e  d i r e c t l y  i n t o  t h e  cabin.  I n t e r n a l  d e t a i l s  o f  
t h e  S-76 a i r f rame s t r u c t u r e  [l] are  d i sp layed  schemat i ca l l y  i n  F igu re  B 1 .  The 
overhead f raming i n  t h e  cab in  c o n s i s t s  o f  two main f o r e / a f t  members t h a t  reach 
f rom t h e  gearbox mounting l o c a t i o n s  fo rward  t o  t h e  p i l o t ' s  windows. The 
gearbox i s  pad mounted d i r e c t l y  onto these f o r e / a f t  frames. Immediately 
underneath t h e  gearbox t h e  frames a re  an i n t e g r a l  I beam c o n s t r u c t i o n  w i t h  
added p l a t i n g  f o r  a d d i t i o n a l  support .  Forward o f  t h e  gearbox t h e  f raming i s  a 
r i v e t e d ,  l i g h t e r  we igh t  c o n s t r u c t i o n  and t h e  mass p e r  u n i t  l e n g t h  con t inuous ly  
decreases moving fo rward  on t h e  a i r f r a m e  s t r u c t u r e .  

Cross frames i n  t h e  cab in  overhead a re  o f  a r i v e t e d  c o n s t r u c t i o n  and extend 
down around t h e  s ides  o f  t h e  cab in  t o  suppor t  t h e  f l o o r  s t r u c t u r e .  The s k i n  
panels  f o r  bo th  t h e  overhead and s ides  o f  t h e  cab in  a r e  o f  l i g h t w e i g h t  honey- 
comb c o n s t r u c t i o n  and a re  r i v e t e d  t o  t h e  frames. I n  t h e  bare  c o n d i t i o n  w i t h  no 
i n t e r i o r  t rea tment  t h e  f raming and honeycomb s k i  n panel s a r e  complete ly  exposed 
t o  t h e  c o c k p i t  and cab in  a c o u s t i c  space. The e n t i r e  nose s e c t i o n  o f  t h e  
h e l i c o p t e r  extending fo rward  f rom t h e  t o p  f raming s e c t i o n  above t h e  p i l o t /  
c o p i l o t ' s  p o s i t i o n  i s  o f  composite m a t e r i a l  cons t ruc t i on .  

The space around t h e  gearbox i s  enclosed by  a f i b e r g l a s s  cow l ing  which a l s o  
covers t h e  c o n t r o l  l i nkages  mounted t o  t h e  e x t e r i o r  s k i n  sur faces  fo rward  o f  
t h e  gearbox ( a l s o  known as t h e  t o p  deck). A bulkhead separates t h e  gearbox 
space from a plenum chamber f o r  t h e  t u r b i n e  i n l e t  a i r  supply.  The plenum 
chpmber i s  a l s o  separated from t h e  t u r b i n e s  themselves by a bulkhead. Immedi- 
a t e l y  a f t  o f  t h e  r e a r  passenger bulkhead i s  a luggage compartment t h a t  l i e s  
below t h e  gearbox and t u r b i n e  i n l e t  spaces. Behind i t  and beneath t h e  t u r b i n e s  
i s  a space occupied by t h e  environmental  c o n t r o l  u n i t .  

S e l e c t i o n  o f  SEA Subsections 

Subsystems i n  a SEA model c o n s i s t  o f  groups o f  resonant  modes i n  component sec- 
t i o n s  o f  t h e  t o t a l  s t r u c t u r e  which e x h i b i t  s i m i l a r  dynamic behavior .  The 
dynamic behavior  i s  cha rac te r i zed  by t h e  type  o f  deformat ion w i t h i n  t h e  s t r u c -  
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Figure B1. S t r u c t u r a l  SEA S u b s e c t i o n s  - Airf rame Foldout  
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t u r e  as w e l l  as t h e  na ture  o f  t h e  c o u p l i n g  t o  ad jacent  s t ruc tu res .  Poss ib le  
types o f  deformat ion i n c l  ude bending o r  f 1 exu ra l  , t o r s i o n a l  , l o n g i t u d i n a l  , and 
shear motions. Each d i f f e r s  i n  t h e  way i n  which energy i s  s to red  w i t h i n  t h e  
s t r u c t u r e .  

I n  s t r u c t u r e s  w i t h  ex t remely  compl i c a t e d  geometries these mot ions a re  o f t e n  
i n t e r n a l  l y  we1 1 coup1 ed by changes i n  c ross-sec t ion ,  bends, a t tached brackets  , 
e tc .  I n  such cases t h e  modes w i t h  d i f f e r e n t  types o f  mot ion have comparable 
modal energ ies and can be t r e a t e d  c o l l e c t i v e l y  as a s i n g l e  subsystem w i t h i n  t h e  
SEA model. 

The s e l e c t i o n  o f  SEA subsect ions i s  accomplished by cons ide r ing  t h e  p h y s i c a l  
d i s c o n t i n u i t i e s  t h a t  occur w i t h i n  t h e  s t r u c t u r e .  Sk in  panels  a re  sec t ioned by 
t h e  f raming t o  which they  a r e  at tached. Framing i s  sec t ioned by j u n c t i o n s  w i t h  
cross frames. Th is  i s  a l s o  where changes i n  frame cross-sec t iona l  geometry 
occur on t h e  S-76. Acoust ic  spaces a re  sec t ioned by bulkheads, cowl ings,  and 
o t h e r  panel sur faces which p h y s i c a l l y  d e f i n e  these spaces. 

The s t r u c t u r a l  subsec t ion ing  o f  t h e  S-76 a i r f r a m e  f o r  t h e  SEA model i s  g i ven  i n  
Table B1. It inc ludes  t h e  panel sec t i ons  between frames, frame sec t i ons  
between j u n c t i o n s ,  b u l  kheads, window and door panels,  and assor ted  o the r  s t r u c -  
t u r a l  elements.  There a re  s e v e r a l  impor tan t  acous t i c  spaces i n  t h e  h e l i c o p t e r .  
I n  a d d i t i o n  t o  t h e  cab in  i t s e l f ,  o t h e r  acous t i c  spaces i n c l u d e  t h e  d i f f e r e n t  
overhead compartments around t h e  gearbox, t u r b i n e s  , i n l e t  a i r  plenum, 1 uggage , 
and ECU compartments. These acous t i c  subsect ions a r e  l i s t e d  i n  Table B2. 

W i t h i n  each s t r u c t u r a l  subsect ion,  subsystems have been i n c l  uded which account 
f o r  mode groups c o n t a i n i n g  d i f f e r e n t  types o f  mot ion.  Th is  occurs p r i m a r i l y  
f o r  t h e  f raming a t  lower  f requenc ies  where t h e  f i n a l  subsystem s e l e c t i o n  
accounts f o r  ou t -o f -p l  ane bending and t h e  combi ned i n-p l  ane bending and t o r -  
s ion.  The SEA model, as fo rmula ted  f o r  t h e  s-76,  does n o t  account f o r  l o n g i -  
t u d i n a l  mot ions i n  the  frame due t o  t h e  na tu re  o f  t h e  gearbox mot ions, which 
predominant ly  e x c i t e  t h e  at tachment frames i n  bending and t o r s i o n .  

A t o t a l  o f  88 s t r u c t u r a l  subsect ions a r e  used i n  d e s c r i b i n g  t h e  S-76 a i r f rame.  
O f  these 35 a re  frame s t r u c t u r e s  and 53 a re  panel s t r u c t u r e s .  For each frame 
two types o f  mot ion a r e  considered, y i e l d i n g  a t o t a l  o f  70 frame subsystems i n  
t h e  SEA model. I n  a d d i t i o n  t h e r e  a r e  7 acous t i c  spaces ( l i s t e d  i n  Table B2) 
t h a t  a re  i nc luded  as subsystems i n  t h e  SEA model. Th i s  b r i n g s  t h e  t o t a l  number 
of SEA subsystems f o r  t h e  S-76 I t o  130. Th is  a l s o  represents  t h e  number o f  
degrees o f  freedom i n  t h e  model. 

The cab in  i s  t h e  p r imary  space f o r  e s t a b l i s h i n g  t h e  i n t e r i o r  no ise  environment. 
The o t h e r  spaces a c t  as sources (e.g., gearbox and t u r b i n e  spaces) o r  as 
connect ing spaces (e. g. , 1 uggage compartment). Others,  such as t h e  nose 
compartment and environmental  c o n t r o l  u n i t  space, a re  1 ess impor tan t  as connec- 
t i n g  spaces s ince  they  p h y s i c a l l y  a re  n o t  on a d i r e c t  pa th  f rom t h e  source t o  
t h e  cabin.  
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Table B1. S-76 S t r u c t u r a l  Subsect ions 

I . D .  DESCRIPTION 

I 1  LFli - 
LF14L , R 
LF45L , R 
LF56L , R 
LF67L, R 

CF2L , R 
CF3L , R 
CF4L ,M, R 
CF5L,M,R 
CF6L ,M, R 

Y F45M 

iiopil - 
OP12L , R 
OP23L , R 
OP34Lu, Ru 
OP34L1 , R1 
OP14D 
OP45L , R 
OP4YM ,- OPY5M 
OP56Lu ,My Ru. 
OP67L ,M , R 

il ppii - 
PP14L, R 
PP45L , R 
PP56L , R 
PP7WL , R 

Main Long. Frame Members 

Between Cross Frames 1 & 4, l e f t  and r i g h t .  
Between Cross Frames 4 & 5, l e f t  and r i g h t .  
Between Cross Frames 5 & 6, l e f t  and r i g h t .  
Between Cross Frame 6 & t h e  top  o f  t h e  f r o n t  
window. 

Cross Frame Members 

Locat ion  #3; 
Locat ion  #4, 
Locat ion  #5, 
Locat ion  #6, 

M i  sce l  1 aneous 

Locat ion  #2. l e f t  and r i g h t  s ides 
e f t  and r i g h t  s ides  
e f t  and r i g h t  s ides 
e f t  and r i g h t  s ides 
e f t  and r i g h t  s ides  

Overhead Frames 

T a i l  Rotor  Yoke Cross Frame, between 4 & 5, mid o n l y  

Cabin Overhead Panel Subsections 

Between 1 & 2, l e f t  and r i g h t  s ides  
Between 2 & 3 
Between 3 & 4 upper 
Between 3 & 4 lower  ( i n t e r i o r  f a c i n g  shear panel )  
D r i p  Pan 
Between 4 & 5, l e f t  and r i . gh t  s ides  
Between 4 & Y, Y & 5, middle 
Between 5 & 6, left, middle and r i g h t  upper 
Between 6 & w indsh ie ld ,  l e f t ,  middle,  and r i g h t  

Per imeter  Panel Members 

Between Cross Frames 1 & 4, l e f t  and r i g h t .  
Between Cross Frames 4 & 5, l e f t  and r i g h t .  
Between Cross Frames 5 & 6, l e f t  and r i g h t .  
From 6 t o  CPM a long t o p  f r o n t  window. 
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Table B1. S-76 S t r u c t u r a l  Subsect ions (Cont 'd)  

I . D .  DESCRIPTION 

RB 
SP14L, R 
SW14L, R 
DF45L,R 
DW45L,R 
DP45L, R 
SP56L,R 
SW56L, R 
DF67L, R 
DW67L, R 
DP67L, R 
FWL,R 
NC 

SWF4L, R 
SWF5L,R 
SWF6L,R 
SWF7L,R 
C PM 
WFL,R 

I PW 
BC 

, GT 
FL 
IPFL,R 
LCPL, R 
TDP 
I W P  

Cabin Wall Subsect ions 
Rear Passenger Bul  khead 
Rear Passenger Side Panel, l e f t  and r i g h t  
Rear Passenger Side Window, l e f t  and r i g h t  
Rear Passenger Door - Upper Frame 
Rear Passenger Door - Window 
Rear Passenger Door - Lower Panel Sec t ion  
Mid Passenger Side Panel 
Mid Passenger W i  ndow 
P i l o t / C o p i l o t  Door - Upper Frames 
P i  1 ot /Copi  1 o t  Door - Window 
P i l o t / C o p i l o t  Door - Lower Panel Sec t ion  
P i  1 ot /Copi  1 o t  W i  nds h i  e l  ds 
Nose Cone 

S i  dewal l  Frame Subsect ions 

A t  Frame #4 l o c a t i o n  
A t  Frame #5 l o c a t i o n  
A t  Frame #6 l o c a t i o n  
A t  Frame #7 l o c a t i o n ,  lower  f r o n t  frame, crew 
Center Post Between Windshie lds 
A t  Frame #7 l o c a t i o n ,  o u t e r  w indsh ie ld  frames 

M i  sce l  1 aneous Subsect ions 

Ins t rument  Panel Window 
Broom C lose t  
Gas Tank 
F1 oor  
Ins t rument  Panel Frame 
Luggage Compartment Panel 
Top Deck Panel 
Luggage Compartment Cei 1 i ng Panel 

doors 
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I. D. 

Table B2. S-76 Acoustic Subsections 

DESCRIPTION 

GBA Around MGB under racecar 
TIA Turbine Inlet Air Plenum 
TA Space around turbines 
LCA Luggage Compartment 
ECUA ECU Space 
CA Cabin 
NCA Nose Compartment 
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Eva1 u a t i o n  o f  Subsect ion Phys ica l  P roper t i es  

The SEA f o r m u l a t i o n  r e q u i r e s  t h a t  t h e  geometr ic and m a t e r i a l  p r o p e r t i e s  o f  each 
of t h e  SEA subsect ions be known. For  frame subsect ions,  t h i s  i nc ludes  t h e  
length ,  cross s e c t i o n a l  area, ou t -o f -p lane and in -p lane  area moment o f  i n e r t i a ,  
p o l a r  moment o f  i n e r t i a ,  and t h e  h e i g h t  and w i d t h  o f  t h e  cross s e c t i o n  (see 
Table B3).  For panel subsect ions,  t h e  area and th ickness  i s  needed (see Table 
B4) .  Acoust ic  spaces r e q u i r e  t h a t  t h e  volume and sur face  area be known (see 
Table B5).  

The m a t e r i a l  o f  c o n s t r u c t i o n  f o r  each subsect ion,  a long w i t h  i t s  d e n s i t y ,  
l o n g i t u d i n a l  and shear wavespeeds, and i n t e r n a l  l o s s  f a c t o r  must a l s o  be 
s p e c i f i e d .  A summary o f  these parameters f o r  t h e  S-76 i s  g iven  i n  Table B6.  
M a t e r i a l  models 3 through 5 represent  d i f f e r e n t  composite panel c o n f i g u r a t i o n s  
t h a t  a re  o f  va r ious  aluminum honeycomb and facesheet th icknesses.  

Another impor tan t  phys i ca l  p r o p e r t y  i nvo l ves  t h e  j o i n i n g  o f  SEA subsystems 
c o n s i s t e n t  w i t h  t h e  p h y s i c a l  connect ions i n  t h e  he1 i c o p t e r  s t r u c t u r e .  Junc t i on  
i n f o r m a t i o n  descr ibes t h e  t ype  o f  j u n c t i o n ,  i . e .  p o i n t ,  l i n e  o r  area, j u n c t i o n  
dimension, i . e .  area o r  l i n e  l eng th ,  and i d e n t i f i e s  t h e  connected subsystems. 
P o i n t  j u n c t i o n s  occur  a t  connect ions between frame subsystems. L ine  j u n c t i o n s  
occur  between frames and ad jacent  panels ,  area j u n c t i o n s  between panels ,  
frames, and ad jacent  acous t i c  spaces. The model o f  t h e  un t rea ted  c o n f i g u r a t i o n  
conta ins  235 j u n c t i o n s .  
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I n t r o d u c t i o n  

The f o l l o w i n g  paragraphs descr ibe  t h e  measurement program performed on an S-76 
h e l i c o p t e r  f o r  t h i s  e f f o r t .  I n  genera l ,  a d e s c r i p t i o n  o f  t h e  ground and f l i g h t  
t e s t  measurements used f o r  bo th  s t r u c t u r a l  and non-s t ruc tu ra l  parameter evalua- 
t i o n ,  SEA model v a l i d a t i o n ,  and development o f  i n - f l i g h t  no ise  l e v e l  p r e d i c t i o n  
i s  inc luded.  

Ground Tes t  Measurements 

Coherent sources - Two e lec t romagnet ic  shakers were mounted i n  t w o  d i f f e r e n t  
p o s i t i o n - d i r e c t i o n  con f igu ra t i ons ,  a t  t h e  t ransmiss ion  mounting l o c a t i o n s  on 
t h e  S-76 a i r f r a m e  (see F igures  C 1  and C8). A broadband no ise  s igna l  i s  shaped 
and a m p l i f i e d  t o  produce a n e a r l y  un i fo rm a c c e l e r a t i o n  s p e c t r a l  l e v e l  a t  
var ious  remote l o c a t i o n s  from each shaker. Acce le ra t i on  measurements a re  taken 
a t  t h e  remote l o c a t i o n s  f o r  v i b r a t i o n  i n p u t s  f o r  bo th  shakers a c t i v e ,  one 
shaker a c t i v e ,  and t h e  o t h e r  shaker a c t i v e ,  keeping t h e  i n p u t  l e v e l  t o  each 
shaker cons tan t  and supp ly ing  a coherent  e l e c t r i c a l  e x c i t a t i o n  t o  each shaker. 
These da ta  were s t o r e d  on magnetic tape f o r  l a t e r  re ference.  

V i b r a t i o n  decay r a t e .  - V i b r a t o r y  decay r a t e s  were measured f o r  bo th  t h e  
f ree -s tand ing  and i n - s i t u  c o n d i t i o n s  on var ious  subsect ions,  t o  approximate t h e  
amount o f  damping present  as a f u n c t i o n  o f  frequency. I n  each case a v i b r a t o r y  
impulse was i n p u t  i n t o  t h e  subsect ion and t h e  a c c e l e r a t i o n  was moni tored on a 
s to rage osc i l l oscope ,  which was t r i g g e r e d  by t h e  i n p u t  impulse. A decay meter 
was then employed .on  t h e  osc i l l oscope  t o  approximate t h e  r a t e  o f  decay, and 
subsequent ly t h e  amount o f  damping present .  Each measurement was repeated a 
number o f  t imes t o  p rov ide  an averaged es t imate  o f  damp.ing l e v e l .  Free-stand- 
i n g  measurements were made w i t h  t h e  subsect ions suspended by shock co rd  f rom a 
nearby s t r u c t u r e .  (See F igu re  C2). 

Acous t ic  decay r a t e  - An acous t i c  s igna l  was supp l i ed  by d r i v i n g  a smal l  
speaker v i a  a s i g n a l  genera tor  and a m p l i f i e r .  The speaker was l o c a t e d  i n  t h e  
c losed cab in ,  a1 ong w i t h  two microphones. The microphones were connected 
th rough a microphone power supply  i n t o  t h e  4-channel recorder .  The no ise  
s i g n a l  i n  octave bandwidths, cen tered  on 500, 1000, 2000, 4000 and 8000 hz was 
a b r u p t l y  swi tched o f f  and t h e  pressure decays were recorded and subsequent ly 
analyzed us ing  a g raph ic  1 eve1 reco rde r  w i t h  a l o g a r i t h m i c  po ten t iometer .  The 
tape reco rde r  speed was slowed by a f a c t o r  o f  t e n  f o r  t h e  da ta  r e d u c t i o n  t o  
improve t h e  accuracy o f  t h e  decay s lope measurement. (See F igures  C3 and C8). 
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Figure C2. Vibration Decay Rate Measurement Schematic . 
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Figure  C3. Acoust ic  Decay Rate Measurement Schematic 
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V i b r a t i o n  t r a n s f e r  f unc t i ons .  - I n  t h i s  t ype  o f  t e s t  (F igures C4 and C9) a 
v i b r a t o r y  s i g n a l  was i n p u t  i n t o  t h e  a i r f r a m e  v i a  a smal l  shaker. The shaker 
was a t tached t o  two t ransmiss ion  mounting l o c a t i o n s  a l t e r n a t e l y  i n  each o f  
t h r e e  d i r e c t i o n s  (x,  y, and z ) ,  and t o  two h y d r a u l i c  l i n e  mounting l o c a t i o n s .  
A t  t h e  h y d r a u l i c  l o c a t i o n s  t h e  shaker was mounted normal t o  t h e  sur face .  A t  
each l o c a t i o n  a w h i t e  no ise  s i g n a l  was shaped and a m p l i f i e d  t o  produce a remote 
a c c e l e r a t i o n  spectrum o f  approximate un i fo rm l e v e l  across t h e  f requency range 
o f  i n t e r e s t .  One accelerometer was moved around t h e  a i r c r a f t  w h i l e  a second 
accelerometer was l e f t  a t  t h e  i n p u t  (shaker)  l o c a t i o n .  These s i g n a l s  were 
cond i t i oned  and f e d  i n t o  a 2-channel d i g i t a l  s i g n a l  analyzer ,  and t r a n s f e r  
f u n c t i o n s  (subsystem acce le ra t ion /source  a c c e l e r a t i o n )  , and coherence measure- 
ments were s t o r e d  on d i g i t a l  tape. A complete subsystem survey was performed 
f o r  each shaker attachment. 

V ib ro /acous t ic  t r a n s f e r  f unc t i ons .  - For  t h i s  c o n d i t i o n  a v i b r a t o r y  s i g n a l  was 
i n p u t  i n t o  t h e  a i r f r a m e  v i a  t h e  smal l  shaker (See F igures  C5 and C8). The 
shaker was a t tached t o  two t ransmiss ion  mount ing l o c a t i o n s  a l t e r n a t e l y  i n  each 
o f  t h r e e  d i r e c t i o n s  (x ,  y, and z) .  A w h i t e  no ise  s igna l  f o r  each l o c a t i o n  was 
shaped and amp1 i f i e d  t o  produce an i n p u t  a c c e l e r a t i o n  spectrum o f  approx imate ly  
un i fo rm l e v e l  across t h e  f requency range o f  i n t e r e s t .  Two microphones were 
suspended a t  var ious  l o c a t i o n s  i n  t h e  cabin,  and connected through microphone 
power suppl i e s  i n t o  a 4-channel p o r t a b l e  tape recorder .  The i nput accel  erome- 
t e r  was connected through a charge a m p l i f i e r  i n t o  t h e  4-channel recorder .  
T rans fe r  f u n c t i o n s  and coherence measurements were c a l c u l a t e d  by a 2-channel 
d i g i t a l  s i g n a l  analyzer ,  and s t o r e d  on d i g i t a l  tape. 

Acous t ic  t r a n s f e r  f unc t i ons .  - An acous t i c  source l e v e l  was c rea ted  by d r i v i n g  
a smal l  speaker v i a  a s i g n a l  genera tor  and a m p l i f i e r .  The speaker and one 
microphone were l o c a t e d  i n  t h e  source c a v i t y ,  w h i l e  another  microphone was 
l o c a t e d  i n  t h e  r e c e i v i n g  c a v i t y .  Both microphones were connected t o  t h e  4- 
channel reco rde r  through a microphone power supply.  Sound pressure  l e v e l s  were 
recorded f o r  cab in  t o  luggage compartment, gearbox space t o  cab in  and gearbox 
space t o  1 uggage compartment. Subsequently, t r a n s f e r  f u n c t i o n  and coherence 
measurements were generated by a 2-channel d i g i t a l  s i g n a l  ana lyzer  and s t o r e d  
on d i g i t a l  tape (see F igures  C6 and C8). 

Compliance - a i r f rame.  - A v i b r a t o r y  s i g n a l  was i n p u t  i n t o  t h e  a i r f r a m e  v i a  t h e  
smal l  shaker equipped w i t h  an impedance head l o c a t e d  a t  one o f  t h e  main t r a n s -  
miss ion  at tachment l o c a t i o n s  i n  any o f  t h e  t h r e e  p r i n c i p a l  d i r e c t i o n s  (see 
F igu re  C7). Accelerometers a re  p laced a t  a l l  o f  t h e  f o u r  t ransmiss ion  mounting 
l o c a t i o n s  i n  each o f  t h r e e  d i r e c t i o n s .  Frequency response f u n c t i o n s  a r e  
measured by u t i l i z i n g  a two channel FFT ana lyzer  t o  d i v i d e  t h e  a c c e l e r a t i o n  and 
i n p u t  f o r c e  spec t ra l  l e v e l s ,  and s t o r e  these records  on d i g i t a l  tape. The 
shaker i s  moved through a l l  t h e  p o s i t i o n s  and d i r e c t i o n s  u n t i l  m a t r i x  o f  
frequency response f u n c t i o n s  i s f i 1 1 ed. 

44 
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Note t h a t  t h e  m a t r i x  o f  f requency responses i s  assumed t o  be symmetric. That 
i s ,  t h e  f requency response o f  t h e  f r o n t  l e f t  main gearbox at tachment l o c a t i o n  
i n  t h e  v e r t i c a l  d i r e c t i o n  when t h e  a i r f rame i s  e x c i t e d  a t  t h e  same l o c a t i o n  b u t  
i n  t h e  l a t e r a l  d i r e c t i o n ,  i s  assumed t o  be t h e  same as t h e  frequency response 
o f  t h e  f r o n t  l e f t  main gearbox at tachment l o c a t i o n  i n  t h e  l a t e r a l  d i r e c t i o n ,  
when t h e  shaker i s  l o c a t e d  a t  t h e  same f o o t  i n  t h e  v e r t i c a l  d i r e c t i o n .  Also,  
because o f  phys i ca l  c o n s t r a i n t s ,  t h e  p o i n t  f requency response o f  t h e  two f r o n t  
at tachment 1 oca t i ons  i n  t h e  1 ongi  t u d i  na l  ( f o r e  and a f t )  d i r e c t i o n  a r e  assumed 
t o  be equal t o  t h e  f requency response f u n c t i o n s  o f  t h e  a f t  mounting l o c a t i o n  
l o n g i t u d i n a l  va lues,  f o r  each s i d e  respec t i ve l y .  

Compliance - main gearbox. - These measurements a re  s i m i l a r  t o  those descr ibed 
i n  t h e  preceeding sec t i ons  and a s i m i l a r  m a t r i x  o f  f requency response f u n c t i o n s  
a r e  then generated. A l l  da ta  was i n t e g r a t e d  t w i c e  us ing  t h e  two channel FFT 
analyzer ,  t o  y i e l d  u n i t s  o f  d isplacement over fo rce .  

Data anal s i s .  - A l l  t r a n s f e r  f u n c t i o n  da ta  were analyzed on a 2-channel 
d l  ana lyzer ,  us ing  a f requency range o f  350-6750 hz. A f t e r  s to rage 
onto d i g i t a l  tape, t h e  da ta  were conver ted t o  1/3 and 1/1 octave band l e v e l s  
v i a  so f tware  developed f o r  a desktop computer. These l e v e l s  a re  s t o r e d  on d i s k  
f o r  f u t u r e  reference.  

F1 i g h t  Tes t  Measurements 

The f 1 i g h t  t e s t  measurement program o b j e c t i v e s  were t o :  1) determi  ne i n-f 1 i g h t  
source 1 eve l  s, 2) determi  ne t h e  corresponding i n - f  1 i g h t  acous t i c  1 eve l  s , and 3) 
p rov ide  da ta  f o r  o v e r a l l  v a l i d a t i o n  o f  t h e  SEA model. The f o l l o w i n g  sec t i ons  
descr ibe  these e f f o r t s  (see F igure  C10 f o r  measurement 1 oca t ions) .  

V i  b r a t i o n  l e v e l s .  - Accelerometers were mounted onto va r ious  subsystems and 
v i b r a t i o n  s i g n a l s  were a m p l i f i e d  and recorded onto magnetic tape. A lso record-  
ed were v i b r a t i o n  l e v e l s  i n  t h r e e  p r i n c i p a l  d i r e c t i o n s  a t  a l l  f o u r  t ransmiss ion  
mounting l o c a t i o n s ,  which w i l l  be used l a t e r  t o  fo rmula te  source l e v e l s  i n t o  
the airframe. T h e  data i s  reduced using an octave band analyzer,  t o  formulate 
1/3 and 1/1 octave l e v e l s .  

Sound pressure l e v e l s .  - A microphone was p o s i t i o n e d  a t  twe lve  d i f f e r e n t  
l o c a t i o n s  i n  t h e  cab in  a t  passenger ear  e l e v a t i o n ,  and no ise  l e v e l s  were 
recorded onto magnetic tape. The da ta  was reduced us ing  a 1/3 octave ana lyzer  
and desktop computer t o  average over  t h e  l e n g t h  o f  t h e  reco rd  and t o  p r i n t  t h e  
r e s u l t s .  
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The measurements invo lved:  1) shaker e x c i t a t i o n  o f  a source subsystem, e i t h e r  
t h e  frame o r  t h e  panel  on one s i d e  o f  t h e  frame; and 2) t h e  measurement o f  
average v i b r a t i o n  l e v e l s  i n  t h e  ,source subsystem and a l s o  t h e  r e c e i v i n g  panel 
subsystem(s). Sketches o f  t h e  t e s t  s t r u c t u r e s  a re  shown on t h e  approp r ia te  
f i g u r e s  c o n t a i n i n g  t h e  t e s t  data.  Comparison o f  source and r e c e i v e r  subsystem 
average v i b r a t i o n  l e v e l s  p rov ides  t h e  des i red  i n f o r m a t i o n  f o r  v a l i d a t i n g  t h e  
es t ima t ion  o f  coup l i ng  l o s s  f a c t o r s  o f  i n t e r e s t .  

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

Th is  appendix descr ibes  t h e  r e s u l t s  o f  l a b o r a t o r y ,  ground, and f l i g h t  t e s t i n g  

no ise  and v i b r a t i o n  i n  t h e  S76 h e l i c o p t e r .  Coupl ing l o s s  f a c t o r  assessment i s  
a key p o r t i o n  o f  t h e  model development. A l a b o r a t o r y  exper iment was designed 
t o  focus on t h e  accura te  r e p r e s e n t a t i o n  o f  t h e  c o u p l i n g  l o s s  f a c t o r  i n  a 
general  sense w i t h o u t  t h e  extraneous d i s c o n t i n u i t i e s  t h a t  appear i n  t h e  a c t u a l  
a i r f rame.  Tests i nc luded  t h e  e v a l u a t i o n  o f  panel  t o  panel coup l i ng  across a 
frame, and d i r e c t  frame e x c i t a t i o n  and panel coup l ing .  

designed t o  supply  key i n f o r m a t i o n  t o  and v a l i d a t i o n  o f  t h e  SEA p r e d i c t i o n  of  
b 

The ground t e s t  measurements s e c t i o n  covers t h e  coherent  sources i n v e s t i g a t i o n ,  
parameter l o s s  f a c t o r  es t ima t ion ,  and t r a n s f e r  f u n c t i o n  measurements, f o r  b o t h  
i n p u t  t o  and t h e  v a l i d a t i o n  o f  t h e  SEA model. F l i g h t  t e s t  i n f o r m a t i o n  focuses 
on v i b r a t i o n  and sound pressure  l e v e l s  measured d u r i n g  f l i g h t  f o r  e s t i m a t i o n  o f  
source i n p u t  l e v e l s  and f i n a l  f l i g h t  p r e d i c t i o n  comparison o f  cab in  no ise.  

SEA Coup1 i n g  Loss Fac tor  Val i d a t i o n  Measurements 

A s e r i e s  o f  l a b o r a t o r y  measurements were c a r r i e d  o u t  t o  v a l i d a t e  p a r t i c u l a r  
coup l i ng  l o s s  f a c t o r  es t ima t ions  t h a t  a re  impor tan t  i n  t h e  o v e r a l l  SEA model o f  
t h e  S-76. These measurements focused on t h e  c o u p l i n g  between frame members and 
ad jacent  panels  t h a t  connect a long t h e  l e n g t h  o f  t h e  frame. The c o u p l i n g  l o s s  
f a c t o r s  between resonant  frame and panel  v i b r a t i o n s  and between panels  on 
oppos i te  s ides  o f  a frame as a r e s u l t  o f  non-resonant o r  mass c o n t r o l l e d  
response o f  t h e  frame i s  o f  p a r t i c u l a r  i n t e r e s t .  

Laboratory  experiment. - Ac tua l  frame and panel  s t r u c t u r e s  r e p r e s e n t a t i v e  o f  
t h e  S-/6 were n o t  used f o r  reasons o f  g e n e r a l i t y ,  parameter c o n t r o l ,  cos t ,  and 
simp1 : c i t y .  Ins tead,  frames o f  a s imple rec tangu la r  c ross -sec t i on  and un i fo rm 
panels  were used t o  p r o v i d e  more c o n t r o l  l e d  t e s t  s t r u c t u r e s ,  thereby  focus ing  
on t h e  coup l i ng  l o s s  f a c t o r  es t ima t ions  w i t h  reduced concern about t h e  e f f e c t s  
o f  inhomogeneit ies and c ross -sec t i ona l  asymmetries t h a t  c h a r a c t e r i z e  t h e  a c t u a l  
b u i l t - u p  r i v e t e d  frames and composite panels  on t h e  S-76. 
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Th i s  i s  i l l u s t r a t e d  f o r  a model w i t h  o n l y  two subsystems where t h e  r a t i o  o f  
v i b r a t i o n a l  energ ies i s  g iven  by  t h e  f o l l o w i n g  expression: 

%=A 
e l  ‘12,d + q21 

2,d 
where el, e2 a re  t h e  modal energ ies o f  t h e  subsystems, q 
f a c t o r  o f  t h e  r e c e i v i n g  subsystem and q21 i s  t h e  coup l i ng  
t e r e s t .  From t h i s  express ion i t  i s  seen t h a t  

i f :  

s t h e  damping l o s s  
l o s s  f a c t o r  o f  i n -  

and t h e  measurement has a very  weak dependence on t h e  c o u p l i n g  l o s s  f a c t o r .  
Therefore,  a damping t rea tment  was added t o  t h e  r e c e i v i n g  panel subsystem f o r  
a l l  t e s t  cases, thus  enhancing t h e  coup l i ng  l o s s  f a c t o r  as a measurable quan- 
t i t y .  Wi th  t h e  damping t rea tment ,  if q21 < q2,d then: 

and t h e  exper iment p rov ides  a d i r e c t  v a l i d a t i o n  o f  t h e  c o u p l i n g  l o s s  f a c t o r .  
The express ion r e l a t i n g  source and r e c e i v e r  subsystem energ ies becomes more 
i n v o l v e d  when a d d i t i o n a l  s t r u c t u r a l  elements and subsystems a re  i n c l  uded w i t h i n  
t h e  model. Measured r e s u l t s  from these c o n t r o l l e d  t e s t s  were compared w i t h  
p r e d i c t i o n s  generated f rom SEA models o f  t h e  respec t i ve  t e s t  s t r u c t u r e s .  

The t e s t  s t r u c t u r e s  were f a b r i c a t e d  from aluminum having a m a t e r i a l  l o s s  f a c t o r  
of approx imate ly  0.002. Loss f a c t o r  measurements were performed on a 0.0064 m 
t h i c k  aluminum panel ,  damped over  i t s ’  e n t i r e  su r face  w i t h  a f r e e  ex tens iona l  
damping t reatment .  The damping m a t e r i a l ,  EAR C-2003-05, cons i s ted  o f  a 
0.0013 m t h i c k  sheet bonded t o  t h e  panel .  The measured loss f a c t o r s  f o r  t h i s  
damped p l a t e  a r e  shown i n  F igu re  D 1  a long w i t h  t h e  curve f i t  used i n  t h e  SEA 
model. 

An a l t e r n a t i v e  check on t h e  damping l o s s  f a c t o r  es t ima t ions  i n v o l v e d  a measure- 
ment o f  t h e  d i f f e r e n c e s  i n  average v i b r a t i o n a l  l e v e l s  on two halves o f  a l a r g e  
(1.22 m by 2.44 m by 0.0016 m t h i c k )  panel where t h e  r e c e i v e r  s ide  was t r e a t e d  
w i t h  t h e  damping m a t e r i a l  w h i l e  t h e  source s i d e  ( o r  subsystem) was l e f t  un- 
t rea ted .  The c o u p l i n g  l o s s  f a c t o r  between t r e a t e d  and un t rea ted  halves o f  t h e  
same panel i s  r e l a t i v e l y  s t r a i g h t - f o r w a r d l y  modeled. The d i f f e r e n c e  i n  l e v e l  
i s  a t t r i b u t e d  t o  t h e  h igh  damping l e v e l s  i n  t h e  r e c e i v i n g  h a l f  panel ,  accord ing 
t o  Equat ion (D3). 
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The p r e d i c t e d  r e s u l t s  shown i n  F igu re  D2 are  based on l o s s  f a c t o r s  f o r  t h e  
0.0016 m t h i c k  panel t h a t  have t h e  same frequency dependence as f o r  t h e  damped 
0.0064 m t h i c k  panel (F igure  Dl),  b u t  w i t h  increased l o s s  f a c t o r  corresponding 
t o  t h e  g r e a t e r  e f f e c t i v e n e s s  o f  t h e  same th ickness  t rea tment  when a p p l i e d  t o  a 
t h i n n e r  panel .  Loss f a c t o r  l e v e l s  were scaled t o  p rov ide  t h e  c lose  agreement 
t o  t h e  measured da ta  shown i n  F igu re  D2. 

An a d d i t i o n a l  c o n s i d e r a t i o n  accounted f o r  i n  t h e  model ing o f  t h e  t r e a t e d  panel 
subsystem was t h e  e f f e c t  o f  t rea tment  mass and s t i f f n e s s  on panel dynamics. 
The t rea tment  w i l l  s h i f t  t h e  n e u t r a l  a x i s  f o r  panel bending, thereby  a l t e r i n g  
i t s '  bending r i g i d i t y ,  though t h e  dominant e f f e c t  i s  due t o  t h e  a d d i t i o n a l  mass 
i t  adds t o  t h e  panel .  

Panel- to-panel  coup l i ng  across a frame. - Two p h y s i c a l l y  d i f f e r e n t  frame cross 
sec t i ons  were used t o  conduct t h e  f o l l o w i n g  s e t  o f  measurements. One was 
0.013 m square w h i l e  t h e  o t h e r  was a narrow rec tang le ,  0.152 m by 0.0064 m. 
The frame/panel at tachment was made, i n  a l l  cases, w i t h  t h e  narrow dimension o f  
t h e  "frame" c ross -sec t i on  a t tached t o  t h e  panel .  Cross-sect ional  de format ion  
f o r  t h e  0.013 m square frame does n o t  occur w i t h i n  t h e  f requency band o f  
i n t e r e s t  f o r  these experiments. However, f o r  t h e  0.152 m by 0.0064 m "frame", 
c ross -sec t i ona l  deformat ion o r  p l a t e - 1  i ke bending de format ion  w i  11 occur a t  a 
f requency w i t h i n  t h e  measurement band. Th is  second frame p rov ides  a t e s t  case 
more r e p r e s e n t a t i v e  o f  5-76 frames which have r e l a t i v e l y  t h i n  webs w i t h  angle 
s t i f f e n e r s  t h a t  can be expected t o  undergo c ross-sec t iona l  de format ion  i n  t h e  
aud ib le  f requency range. The frame model, as c u r r e n t l y  con f igu red  f o r  t h e  
S-76, does n o t  account f o r  c ross -sec t i ona l  deformat ion.  

Damped panels  were connected t o  the  ends o f  t h e  frame which extended beyond t h e  
source and r e c e i v i n g  panels ,  thus  p r o v i d i n g  damping f o r  frame resonances and a 
smoothing o f  t h e  panel v i  b r a t i o n  l e v e l  d i f f e rences .  Measurements ob ta ined w i t h  
and w i t h o u t  these damping panels  d i d  n o t  e x h i b i t  s i g n i f i c a n t  changes i n  t h e  
r e s u l t s  which would i n d i c a t e  t h a t  t h e  frame connect ion t o  t h e  source and 
r e c e i v i n g  panels ,  and i n  p a r t i c u l a r ,  t h e  damped r e c e i v i n g  panel ,  p rov ided  f o r  
adequate smoothing. 

F igu re  D3 shows r e s u l t s  f o r  t h e  0.013 m square frame. Using t h e  presumption 
t h a t  frame r o t a t i o n a l  mot ion occurs about t h e  frame/panel j u n c t i o n ,  SEA p r e d i c -  
t i o n s  t r a c k  t h e  measured da ta  q u i t e  w e l l  a t  lower  frequency. Near 1.6 t o  2.5 
kHz t h e  inc rease i n  t ransmiss ion  r e d u c t i o n  across t h e  frame becomes more 
pronounced. The p r e d i c t e d  t r a n s i t i o n  t o  f a s t e r  inc rease i n  v i b r a t i o n  r e d u c t i o n  
occurs a t  a lower  f requency than exper imen ta l l y  observed. The t r a n s i t i o n  i s  
assoc ia ted  w i t h  t h e  non-resonant, mass-control  l e d ,  r o t a t i o n a l  i n e r t i a  o f  t h e  
frame. The panel moment impedances a long t h e  l i n e  connect ion ( j u n c t i o n )  t o  t h e  
frame have an imaginary component t h a t  i s  s t i f f n e s s  c o n t r o l l e d .  The t r a n s i t i o n  
near 2 kHz t o  a more r a p i d  inc rease i n  v i b r a t i o n  r e d u c t i o n  a t  h ighe r  f requency 
i s  due t o  t h e  c a n c e l l a t i o n  o f  panel s t i f f n e s s - c o n t r o l l e d  and frame mass-con- 
t r o l  l e d  behavior .  The e f f e c t  i s  s im i  1 a r  t o  t h e  i n c r e a s i n g l y  reduced response 
of a s imple resonator  a t  f requencies above resonance. Th is  d i scuss ion  r e l a t e s  
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t o  t h e  d i r e c t  c o u p l i n g  between t h e  panels  assoc ia ted  w i t h  mass c o n t r o l l e d  
r o t a t i o n  o f  t h e  frame. Transmission t o  t h e  r e c e i v i n g  panel due t o  mass con- 
t r o l l e d  t ransverse  mot ion o f  t h e  frame i s  e f f e c t i v e l y  b locked down t o  ve ry  low 
frequency. 

A lso shown i n  F igu re  D3 i s  a p r e d i c t i o n  where t h e  r o t a t i o n a l  i n e r t i a  o f  t h e  * 
frame was a r b i t r a r i l y  reduced. Th is  s h i f t e d  t h e  t r a n s i t i o n  p o i n t  t o  h i g h e r  
frequency, i n  b e t t e r  agreement w i t h  t h e  measured data.  The c u r r e n t  frame model 
s p e c i f i e s  t h a t  r o t a t i o n  take  p lace  about a n e u t r a l  a x i s  a t  t h e  l o c a t i o n  where 
t h e  frame connects t o  t h e  panel .  Th i s  i s  as a r e s u l t  o f  t h e  presumed h i g h  
in -p lane impedance o f  t h e  panels.  For  t h e  asymmetric c o n f i g u r a t i o n  tes ted ,  
t h i s  a x i s  i s  a t  t h e  base o f  t h e  frame. R o t a t i o n  about t h i s  extreme n e u t r a l  
a x i s  r e s u l t s  i n  a g r e a t e r  moment o f  i n e r t i a  o f  t h e  cross-sect ion.  

If t h e  ac tua l  n e u t r a l  a x i s  f o r  frame r o t a t i o n  (when a t tached t o  t h e  panels)  i s  
a t  an e l e v a t i o n  between t h e  base and t h e  c e n t r o i d  o f  t h e  rec tangu la r  cross-  
sec t i on ,  then t h e  moment o f  i n e r t i a  i s  reduced. Th is  w i l l  have t h e  e f f e c t  o f  
s h i f t i n g  t h e  c a n c e l l a t i o n  between frame mass-control  l e d  and panel  s t i f f n e s s -  
c o n t r o l l e d  behav io r  t o  a h ighe r  f requency, r e s u l t i n g  i n  an improved f i t  t o  t h e  
measured data,  as shown. The n e u t r a l  a x i s  f o r  t h e  frame i n  t h e  m o d i f i e d  
p r e d i c t i o n  was p laced h a l f  way between t h e  base and cen t ro id .  The measured 
l e v e l i n g  o f  v i b r a t i o n  r e d u c t i o n  a t  very  h i g h  frequency i s  n o t  understood a t  
p resen t  and may be t h e  r e s u l t  o f  anomalous behav io r  i n  t h e  measurement. 

Resu l ts  f o r  t h e  0.152 m by 0.0064 m "frame" a re  shown i n  F igu re  D4. The 
measured v i  b r a t i o n  r e d u c t i o n  i s  c h a r a c t e r i z e d  by s t e a d i l y  i n c r e a s i n g  Val ues a t  
a r a t e  o f  approx imate ly  1 .5  dB p e r  octave change i n  f requency, o r  p r o p o r t i o n a l  
t o  t h e  square r o o t  o f  frequency. P red ic ted  r e s u l t s  (model ing t h e  "frame" as a 
frame w i t h  no c ross -sec t i ona l  deformat ion)  inc rease a t  a r a t e  o f  3 dB pe r  
octave o r  p r o p o r t i o n a l  t o  frequency. Th is  behav io r  corresponds t o  t h e  p r e d i c -  
t i o n s  f o r  t h e  0.013 m square frame a t  h i g h  f requencies above t h e  t r a n s i t i o n  
p o i n t .  The 0.152 m by 0.0064 m frame has s u b s t a n t i a l l y  g r e a t e r  r o t a t i o n a l  
p o l a r  moment o f  i n e r t i a  r e s u l t i n g  i n  a s i g n i f i c a n t l y  reduced t r a n s i t i o n  f r e -  
quency. 

A second p r e d i c t i o n  was generated where t h e  frame was modeled as a narrow 
pl 'ate.  Th i s  a1 lows f o r  p l a t e - 1  i ke c ross -sec t i ona l  deformat ion.  Out-of -p lane 
bending i n  t h e  "frame" model i s  n o t  accounted f o r  i n  these " p l a t e "  p r e d i c t i o n s  
as i t  would correspond t o  i n -p lane  de format ion  o f  t h e  p l a t e .  Cross-modes o f  
t h e  p l a t e  i n  t h e  0.152 m d i r e c t i o n  appear as d i p s  i n  t h e  v i b r a t i o n  reduc t i on .  
These cross-modes "so f ten "  t h e  0.152 m by  0.0064 m p l a t e ,  a l l o w i n g  a d d i t i o n a l  
t ransmiss ion  between t h e  source and r e c e i v e r  p l a t e s .  

As shown i n  F igu re  D4, these t w o  o therw ise  s i g n i f i c a n t l y  d i f f e r e n t  model ing 
approaches r e s u l t  i n  ve ry  s i m i l a r  p r e d i c t i o n s  f o r  t h i s  case. Both, though, 
s u f f e r  a discrepancy ( i n  comparison w i t h  t h e  measured data)  t h a t  appears 
r e l a t e d  t o  t h e  f requency dependence o f  t h e  behav io r  which i s  c o n t r o l l i n g  t h e  
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t ransmiss ion  process. As y e t ,  no c o n s i s t e n t  exp lana t ion  has been fo rmula ted  t o  
account f o r  t h i s  o r  which would su e s t  re f inements  t o  t h e  model ing o f  t h e  
frame as e i t h e r  a "frame" o r  a "panel . 4P 
D i r e c t  frame e x c i t a t i o n  and panel  coupl  ing .  - The prev ious  exper iments focused 
on t h e  coup l i ng  between panels  across a frame i n c l u d i n g  bo th  non-resonant and 
resonant  frame response.  . Th i s  exper iment p rov ided  f o r  d j r e c t  e x c i t a t i o n  of t h e  
frame and measurements o f  t h e  d i f fe rence i n  v i  b r a t i o n  response between average 
l e v e l s  i n  t h e  source frame and average l e v e l s  i n  t h e  r e c e i v e r  panels  on b o t h  
s ides  o f  t h e  frame. Both panels  have been t r e a t e d  w i t h  t h e  damping m a t e r i a l .  
The frame i n  t h i s  case had a 0.025 m by 0.013 m rec tangu la r  c ross -sec t i on .  

These comparisons app ly  d i r e c t l y  f o r  t h e  coupl  i n g  l o s s  f a c t o r  between resonant  
frame mot ion and panel  bending. Since t h e r e  a re  d i f f i c u l t i e s  i n  genera t i ng  a 
p u r e l y  moment e x c i t a t i o n  o f  t h e  frame, ou t -o f -p lane mot ion was t h e  o n l y  e x c i t a -  
t i o n  considered f o r  t h i s  experiment. 

As w i l l  be seen, e x c i t a t i o n  o f  o n l y  ou t -o f -p lane bending w i t h  no induced frame 
r o t a t i o n  i s  a l s o  d i f f i c u l t .  Th i s  d i f f i c u l t y  i s  i l l u s t r a t e d  i n  F igu re  D5 which 
shows ou t -o f -p l  ane bending v i  b r a t i o n  1 eve l  s and i n-pl  ane v i  b r a t i  on 1 eve l  s 
measured l a t e r a l l y  near t h e  t o p  and bottom o f  t h e  frame cross-sec t ion .  The 
shaker was carefu l ly  positioned in an attempt t o  exc i te  only out-of-plane 
bending. A t  low f requencies,  i n -p lane  mot ion i s  n e g l i g i b l e  and o n l y  ou t -o f -  
p lane  bending i s  exc i ted .  As f requency increases,  a r a p i d  inc rease i n  t h e  
i n -p lane  mot ion occurs,  peaking i n  t h e  r e g i o n  near 2.5 kHz. Above 2.5 kHz t h e  
d i f f e r e n t  mot ions a re  comparable i n  l e v e l .  

The behav io r  near 2.5 kHz i s  presumed t o  i n v o l v e  a resonant  i n t e r a c t i o n  between 
t h e  r o t a t i o n a l  i n e r t i a  o f  t h e  frame and t h e  s t i f f n e s s  o f  t h e  a t tached panels  
f o r  r o t a t i o n a l  mot ion a t  t h e i r  edges. Th is  i s  t h e  same behav io r  observed i n  
t h e  da ta  f o r  t ransmiss ion  across t h e  frame w i t h  panel e x c i t a t i o n .  The frame i n  
t h i s  case has t w i c e  t h e  h e i g h t  and t h e r e f o r e  g r e a t e r  moment o f  i n e r t i a  so t h a t  
t h e  l o c a t i o n  o f  t h e  resonance would be s h i f t e d  t o  lower  f requency r e l a t i v e  t o  
t h e  s h o r t e r  h e i g h t  frame. Again, t h e r e  i s  an u n c e r t a i n t y  about t h e  e l e v a t i o n  
o f  t h e  n e u t r a l  a x i s  f o r  frame r o t a t i o n  due t o  t h e  panel  at tachments,  and a l s o  
t h e r e f o r e ,  concern ing t h e  approp r ia te  r o t a t i o n a l  i n e r t i a  f o r  t h e  frame. 

V i b r a t i o n  l e v e l  d i f f e r e n c e s  between t h e  a t tached  panel and t h e  e x c i t e d  frame 
a re  shown i n  F igu re  D6. The measured r e s u l t s  a t  low f requencies decrease a t  a 
r a t e  of 1.5 dB pe r  octave o r  . i nve rse l y  p r o p o r t i o n a l  t o  t h e  square r o o t  o f  
frequency. Peaks i n  the  1.6 t o  2.5 kHz r e g i o n  a re  apparen t l y  r e l a t e d ,  i n  p a r t ,  
t o  t h e  r o t a t i o n a l  resonance o f  t h e  frame on t h e  panels.  E x c i t a t i o n  o f  resonant  
r o t a t i o n a l  frame mot ion by t h e  shaker would inc rease t h e  panel l e v e l s  r e l a t i v e  
t o  t h e  p r e d i c t i o n s  which have power i n p u t  o n l y  i n t o  ou t -o f -p lane bending o f  t h e  
frame. 
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Above t h e  1 .6  t o  2.5 kHz r e g i o n  t h e  panel  l e v e l  f a l l s  o f f  r e l a t i v e  t o  t h e  frame 
a t  a r a t e  i n v e r s e l y  p r o p o r t i o n a l  t o  frequency. Th is  i n  p a r t  can be a t t r i b u t e d  
t o  t h e  mass o f  t h e  accelerometer used t o  measure t h e  panel  v i b r a t i o n  l e v e l s ,  as 
t h e  e f f e c t  i s  more pronounced a t  h ighe r  f requencies.  A 2.7 gm. accelerometer 
was used f o r  t h e  measurements on panels  which were 0.0016 m t h i c k .  The mass 
becomes s i g n i f i c a n t  near 2 kHz, w i t h  an est imated r e d u c t i o n  i n  panel l e v e l s  o f  
1 dB. The e f f e c t  increases a t  a r a t e  o f  6 dB pe r  octave, r e s u l t i n g  i n  a 
r e d u c t i o n  o f  approx imate ly  7.4 dB a t  10 kHz. 

P red ic ted  r e s u l t s  agree q u i t e  w e l l  w i t h  t h e  measured da ta  a t  low f requencies.  
The d iscrepancy i n  t h e  r e g i o n  f rom 1.6 t o  2.5 kHz i s  a t t r i b u t e d  t o  t h e  e f f e c t  
o f  t h e  r o t a t i o n a l  resonance o f  t h e  frame a t tached t o  t h e  panels .  Above 2.5 kHz 
t h e  added accelerometer mass c o r r e c t i o n  r e s u l t s  i n  a c o n s i s t e n t  f requency 
dependence between t h e  measured and p r e d i c t e d  behavior .  The 5 dB d i f f e r e n c e  i s  
unexpla ined a t  present .  I n  t h e  low frequency reg ion ,  where o n l y  ou t -o f -p lane 
bending i s  be ing  exc i ted ,  t h e  model ing o f  resonant  c o u p l i n g  between t h e  frame 
o u t - o f - p l  ane bending and panel  bending prov ides  an excel  1 e n t  agreement w i t h  
measured r e s u l t s .  

Ground Tes t  Measurements 

The ground t e s t  measurements performed i n v o l v e d  t h e  va 
assumptions, t h e  e s t i m a t i o n  o f  damping l e v e l  parameters 
SEA model, and measurements o f  t r a n s f e r  f u n c t i o n s  f o r  
ground based p r e d i c t i o n s .  

i d a t i o n  o f  some bas ic  
Fo r  i n c l u s i o n  i n t o  t h e  
the  v a l i d a t i o n  o f  t h e  

Coherent sources i n v e s t i g a t i o n .  - Coherence e f fec ts  between mu1 t i p l e  sources 
a re  deDendent on t h e  dearee o f  mutual couDl ina between t h e  e x c i t e d  l o c a t i o n s  on 
t h e  s t r u c t u r e  as w e l l  i s  t h e  coherence between t h e  sources. The mutual ‘coup- 
1 i n g  i s  q u a n t i t a t i v e l y  represented by non-zero t r a n s f e r  mobi 1 i t i e s  r e l a t i n g  
fo rces  and v e l o c i t i e s  a t  t h e  source p o i n t s .  For  t h e  s i m p l i f i e d  case o f  two 
source p o i n t s  (1 and 2) and a s i n g l e  d i s t a n t  r e c e i v i n g  p o i n t  ( 3 ) ,  t h e  equat ions 
become: 

y13 y23 1 
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where Y ' s  a re  t h e  m o b i l i t i e s  c h a r a c t e r i z i n g  t h e  dynamic behav io r  o f  t h e  

system, V1, V2, Fl,. F2 a r e  v e l o c i t i e s  and fo rces  a t  two source p o i n t s  and V3, 
t h e  response a t  a d i s t a n t  p o i n t  on t h e  a i r f rame.  V i b r a t i o n  t ransmiss ion  t o  t h e  
d i s t a n t  p o i n t  i s  cha rac te r i zed  by t h e  t r a n s f e r  m o b i l i t i e s  Y13 and Y23 w h i l e  t h e  
coup l i ng  between t h e  sources F1 and F2 depends on t h e  t r a n s f e r  m o b i l i t y  Y12. 

i , j  

The i n p u t  power i s  g i ven  i n  general  by  t h e  f o l l o w i n g :  

llin = $ Re (FVM) 

1 w i t h  Equat ion (D4) t h i s  g i ves  t h e  f o l l o w i n g  f o r  t h e  t o t a l  power: 

I The magnitude o f  t h e  response o f  t h e  s t r u c t u r e  a t  p o i n t  3 i s  g i ven  by: 

I n  bo th  expressions t h e  f i r s t  two terms a r e  assoc ia ted  w i t h  t h e  i n d i v i d u a l  
sources t r e a t e d  independent ly  o f  each o ther .  I n  Equat ion (D6) t h e  t h i r d  term 
represents  t h e  e f f e c t s  o f  source coherence. For random e x c i t a t i o n s  t h e  va r ious  
terms a r e  s t a t i s t i c a l l y  descr ibed i n  terms o f  s p e c t r a l  d e n s i t i e s :  

and 

where t h e  f u n c t i o n s  S , e t c . ,  a r e  two s ided spect ra.  
F 1  
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It i s  seen from Equat ions (D8) and (D9) t h a t  t h e  c o n d i t i o n  t h a t  t h e  a p p l i e d  
fo rces  a r e  incoherent ,  i . e . ,  t h e  c ross  spectrum i s  zero,  produces a s imple 
incoherent  sum o f  mean square responses a t  t h e  r e c e i v e r  l o c a t i o n  and a l s o  o f  
t h e  power i n p u t  t o  t h e  s t r u c t u r e  assoc ia ted  w i t h  each source es t imated  inde-  
pendent ly .  

The SEA approach evaluates t h e  response a t  t h e  r e c e i v i n g  l o c a t i o n  based on t h e  
i n p u t  powers assoc ia ted  w i t h  t h e  f o r c e  spect ra,  SF (w) and SF (w). I n  t h i s  
sense i t  y i e l d s  r e s u l t s  t o  be compared w i t h  the1 q u a n t i t i e g  lY13(w)12 and 
I Y23(w) I which a r e  o therw ise  evaluated exper imental  ly. Coherence between 
m u l t i p l e  sources r e s u l t s  i n  an a d d i t i o n a l  term i n  t h e  express ion f o r  t h e  t o t a l  
power and a1 so t h e  r e c e i v i n g  1 oca t i on  response t h a t  i s o therw ise  unaccounted 
f o r  by t h e  SEA model. The impact o f  t h e  term depends on t h e  degree o f  coher- 
ence as q u a n t i f i e d  by t h e  cross spec t ra l  d e n s i t y  S SF (w) as w e l l  as t h e  
magnitude o f  c o u p l i n g  between source p o i n t s  g iven  by Re(Y12tu)). 

I n  t h e  absence of measurements of t h e  complex q u a n t i t i e s  Y12, Y13, Y23 f o r  a 
he1 i c o p t e r  a i r f rame,  and w i t h o u t  i n f o r m a t i o n  d e f i n i n g  t h e  degree o f  coherence 
between t h e  e x c i t a t i o n s  a t  t h e  gearbox at tachment l o c a t i o n s ,  a s t r a i g h t f o r w a r d  
exper imenta l  approach was adopted t o  assess t h e  p o t e n t i a l  importance o f  coher- 
ence e f f e c t s  f o r  gearbox e x c i t e d  a i r f rame t ransmiss ion.  Ac tua l  gearbox e x c i  t a -  
t i o n s  were rep laced w i t h  two mechanical shakers a t  d i f f e r e n t  at tachment loca-  
t i o n s .  The response a t  two d i s t a n t  l o c a t i o n s  on t h e  a i r f r a m e  was measured when 
t h e  same random vo l tage  was coheren t l y  a p p l i e d  t o  t h e  two shakers. Th is  i s  t h e  
coherent  e x c i t a t i o n  case. The response spectrum from t h i s  case was compared 
w i t h  t h e  incoherent  energy sum o f  responses a t  t h e  same p o i n t  f rom two measure- 
ments where shakers were e x c i t e d  one a t  a t ime. The vo l tage  l e v e l s  t o  each 
shaker where i n d i v i d u a l l y  ad jus ted  t o  produce comparable response l e v e l s  a t  t h e  
r e c e i v e r  1 oca t ions .  

F1 '  

I f  t h e  incoherent  sum i s  comparable t o  t h e  coherent  e x c i t a t i o n  r e s u l t  then t h e  
conc lus ion  can be drawn t h a t  coherence e f fec ts  a re  n o t  o f  general  importance 
f o r  he1 i c o p t e r  v i b r a t i o n  t ransmiss ion  assoc ia ted  w i t h  gearbox e x c i t a t i o n s  and 
a d d i t i o n a l  c o n s i d e r a t i o n  i s  n o t  r e q u i r e d  i n  t h e  SEA model. The exper iment 
performed i s  conse-rvat ive i n  t h a t  i n  t h e  coherent  e x c i t a t i o n  case t h e  two 
sources were p e r f e c t l y  coherent  because t h e  same random no ise  source was 
a p p l i e d  t o  bo th  shakers. 

The r e s u l t s  o f  t h e  measurements a re  shown i n  F igures D7 t o  014. Two source 
c o n f i g u r a t i o n s  were evaluated: ' i n  one t h e  shakers were l o c a t e d  a t  t h e  same 
gearbox at tachment p o i n t  b u t  were d r i v i n g  i n  d i f f e r e n t  d i r e c t i o n s  and i n  t h e  
o t h e r  t h e  shakers p o i n t  i n  t h e  same d i r e c t i o n  b u t  a t  d i f f e r e n t  gearbox a t tach -  
ment l o c a t i o n s .  Responses were measured a t  two a i r f rame l o c a t i o n s :  one a 
frame member, LF45R, f o r  ou t -o f -p lane bending, and t h e  o t h e r  on a overhead s k i n  
panel ,  OP56M. 
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Figure D7. 
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Figure D8. Coherent and Incoherent Sum a t  OP56M fo r  RAR Vertical and RAR 
Horizontal Input 
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Hor i zon ta l  I n p u t  
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V e r t i c a l  I n p u t  
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Narrowband spect ra,  F igures  D7 th rough D14, f o r  t h e  d i f f e r e n t  cases comparing 
t h e  incoherent  sum f o r  separate e x c i t a t i o n  w i t h  t h e  coherent  sum w i t h  s imu l -  
taneous e x c i t a t i o n  show s c a t t e r e d  frequency reg ions  where t h e  two d i f f e r  by as 
much as 10 dB, b u t  i n  genera l  t h e r e  i s  q u i t e  c l o s e  agreement between these 
data. On a 1/3 octave band bas i s ,  t h e  r e s u l t s  would e x h i b i t  an even c l o s e r  
comparison. The r e s u l t s  suppor t  t h e  conc lus ion  t h a t  coherence e f f e c t s  a r e  n o t  - 
of  p a r t i  c u l  a r  importance when cons i  d e r i  ng gearbox e x c i t a t i o n  o f  a i  rf rame 
v i b r a t i o n  t ransmiss ion .  

S t r u c t u r a l  damping loss f a c t o r .  - As can be seen f r o m  Photos P 1  and P2, t h e  
S-/6 a i r f rame i s  f a b r i c a t e d  i n  f i x t u r e s  as a b u i l t  up s t r u c t u r e .  The i n d i v i -  
dual  webs and f langes ,  f o r  each o f  t h e  frames, a re  clamped i n  p lace  i n  t h e  
f i x t u r e  and, a f t e r  a l i g n i n g  holes,  r i v e t e d  together .  Th i s  procedure i s  re -  
peated f r o m  t h e  r e a r  bulkhead fo rward  t o  t h e  cockp i t .  Th is  t ype  of cons t ruc-  
t i o n  prec ludes,  i n  genera l ,  t h e  a v a i l a b i l i t y  o f  i n d i v i d u a l  subassemblies. The 
damping measurements, t h e r e f o r e ,  concent ra ted  on t h e  i n - s i  t u  r a t h e r  than  f r e e l y  
suspended. 

It should be mentioned t h a t  n e i t h e r  t h e  i n - s i t u  nor  t h e  f r e e l y  suspended 
damping measurements p rov ide  t h e  approp r ia te  i n f o r m a t i o n  f o r  t h e  model. 
S t r u c t u r a l  damping i n  t h e  S-76 a i r f r a m e  i s  dominated by d i s s i p a t i o n  a t  t h e  
r i v e t e d  j o i n t s .  Some subsect ions (e.g., frames) have r i v e t i n g  throughout ,  
w h i l e  o the rs  (e.g. ,  panels)  do not .  They a l l  have r i v e t s  a t  t h e  j u n c t i o n s .  
What does t h i s  mean? It means t h a t  subsystem damping loss f a c t o r  va lues l i e  
somewhere between t h e  f r e e l y  suspended da ta  ( w i t h o u t  t h e  j o i n t  damping) and t h e  
i n - s i t u  da ta  ( w i t h  t h e  c o u p l i n g  l o s s  f a c t o r s  t o  a d j o i n i n g  subsystems). The 
damping l o s s  f a c t o r  measurements performed on va r ious  S-76 subsystems a re  
summarized i n  Table D 1 .  
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TABLE D1.  STRUCTURAL DAMPING LOSS FACTORS 

500 l k  2k 4k 8k  

Composite Panel s 
OP56M 
OP34Lu 
OP45L 
SP56L 

~~ 

I N - S I T U  ON AIRFRAME 

.055 .022 .018 .012 

.028 .020 .018 .010 

.037 .020 .019 .029 

.052 .063 .031 .037 

S i  ng l  e Sheet Panel s (Riveted)  
OP14D .024 .022 .020 .018 
RB2 .014 .021  .018 .017 
RB3 .018 .013 .010 .010 

R ive ted  Frame Sect ions 
LF14L (Web) .028 .022 .019 .016 

. LF14L (Flange) .028 .028 .020 .013 
LF56L (F1 ange) .023 .016 .(Ill .014 
LF56R (Web) .023 .018 .013 .010 

W i  ndow (P1 e x i  g l  as) 
SW14L .071 .073 .069 .046 

.013 

.013 

.023 

.034 

.018 

.015 

.009 

. 011  

.016 

.009 

.009 

.138 

SUSPENDED FREE FROM AIRFRAME 

Composite Panel s 
SP14R .006 .010 .010 .007 .008 
SP56L .004 .007 .006 .006 .006 

S ing le  Sheet Panel (No R ive t i ng )  
I '  Luggage Compartment .006 .006 .006 .008 .006 

Cover P1 a t e  
R ive ted  Frame Sect ions 

Cross Frame #5 
Web .008 .010 .009 .009 .008 
F1 ange .014 .011  .010 .009 .007 

"Broom C1 oset"  .013 .018 . 0 1 1  .017 .007 

W i  ndow (P1 e x i  g l  as) 
"Chin Window'' .050 .040 .042 .037 .034 

7 3  



I n - s i  t u  measurements on composite panels  a r e  c o n s i s t e n t  w i t h  one another ,  w i t h  
h ighe r  damping l o s s  f a c t o r s  recorded on subsystems which have s u b s t a n t i a l  
d i s c o n t i n u i t i e s  ( f a s t e n i n g  l o c a t i o n s  f o r  va r ious  a v i o n i c  assemblies and f l i g h t  
hardware). These l o c a t i o n s ,  t y p i c a l l y ,  a re  through-holes i n  t h e  panels ,  w i t h  
t h e  honeycomb core  removed l o c a l l y  and an i n s e r t ,  threaded o r  s t r a i g h t ,  i s  t hen  
i n s t a l l e d  by  f i l l i n g  t h e  core  v o i d  w i t h  an epoxy, and i n s t a l l i n g  t h e  i n s e r t .  
D i s c o n t i n u i t i e s  such as these occur throughout  t h e  a i r f rame,  w i t h  more on t h e  
cen te r  overhead panels  such as OP4YM, Y5M, and 56M, which have t h e  f l i g h t  
c o n t r o l s  mechanisms and hardware a t tached on a completed a i r f rame.  Photos P13 
and P14 show some o f  these mounting l o c a t i o n s ,  w i t h  views o f  t h e  overhead 
panels  f rom t h e  cabin.  As e v i d e n t  f rom these photos,  OP56M has many o f  these 
d i s c o n t i n u i t i e s ,  as does OP45L. These panel  s e x h i b i t  somewhat more dampi ng 
than OP34Lu, which, i n  c o n t r a s t ,  does n o t  have any at tachment d i  s c o n t i  nu i  ti es. 
A l l  composite honeycomb panels  have a c e r t a i n  amount o f  d i s c o n t i n u i t y  i n  t h e  
form o f  t h e  c loseou t  o f  t h e  core  a long t h e  panel  per imeter .  Th i s  c loseou t  
occurs where t h e  core and inboard  facesheet  end, and an aluminum "Z"  s e c t i o n  i s  
bonded and connects them t o  t h e  o u t e r  face  sheet,  which i s  then r i v e t e d  t o  an 
a d j o i n i n g  frame and/or panel .  SP56L a1 so conta ins  va r ious  mounting l o c a t i o n s ,  
and a window i s  a t tached.  

The s i n g l e  sheet r i v e t e d  panels  d i s p l a y  s i m i l a r  damping l e v e l s  t o  t h e  composite 
panels  i n  a l l  b u t  t h e  500 hz octave, where t h e  composite panels  dominate. 
These panels  a re  manufactured from aluminum sheet, and a r e  s t i f f e n e d  w i t h  
r i v e t e d  on angle s tock  and/or stamped beads formed i n  t h e  base meta l .  The d r i p  
pan, OP14D (see Photo P11) and caulked f o r  water  i n t e g r i t y .  Th i s  i s  b e l i e v e d  
t h e  main reason f o r  t h e  h ighe r  i n - s i t u  damping l e v e l s  i n  a l l  f i v e  octaves as 
compared t o  damping measured on RB. The RB2 l o c a t i o n ,  t h e  h ighe r  o f  t h e  two RB 
measurements, was made on a luggage compartment access cover  t h a t  i s  r i v e t e d  on 
a l l  f o u r  edges t o  t h e  r e s t  o f  RB, and i s  f l a t  and uns t i f f ened .  The o t h e r  RB 
l o c a t i o n  measured (RB3) i s  between v e r t i c a l  and h o r i z o n t a l  (on t h e  luggage 
compartment s ide)  s t i f f e n e r s  (see Photo P8). 

R ive ted  frame sec t i ons  measured i n c l u d e  LF14L and LF56L, on b o t h  t h e  web and 
f lange. These da ta  show LF14L e x h i b i t s  s l i g h t l y  h ighe r  damping l e v e l s  than  
LF56L i n  bo th  l o c a t i o n s .  The fo rward  l o n g i t u d i n a l  frames i n  t h e  S-76 a re  
l i g h t e r  i n  cross s e c t i o n  than t h e  a f t  frames on t h e  a i r f r a m e  (see Photo P14). 
Th2is means t h a t  LF56L i s  o f  s u b s t a n t i a l l y  t h i n n e r  and l i g h t e r  cross s e c t i o n  
than LF14L, and conta ins  l e s s  added s t i f f e n i n g  by r i v e t e d  angle o r  p l a t e  (see 
Photo P4). 

The c l e a r  the rmop las t i c  window measurement made i n - s i t u  shows much h ighe r  
damping l e v e l s  than any o f  t h e  o t h e r  i n - s i t u  measurements i n  a l l  t h e  octaves 
measured. It i s  i n s t a l l e d  i n  SP14L by  screws and has a rubber  gasket  f o r  water  
i n t e g r i t y .  Th i s  i n s t a l l a t i o n  method a long w i t h  t h e  compara t ive ly  h i g h e r  l o s s  
fac to rs  found i n  t h e  base m a t e r i a l  p rov ides  t h e  reason f o r  h ighe r  damping 
1 eve1 s. 
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Measurements were a l s o  made on f r e e l y  suspended components. Two composite 
panels  were suspended by shock co rd  and damping l o s s  f a c t o r s  were measured. 
The da ta  shows s i m i l a r  l o s s  f a c t o r s  f o r  SPl4R and SP56L, w i t h  SP14R s l i g h t l y  
h ighe r  i n  a l l  f i v e  octaves measured. Comparison o f  these l e v e l s  t o  t h e  i n - s i t u  
loss f a c t o r s  measured show t h e  i n - s i t u  l e v e l s  t o  be approx imate ly  f i v e  t o  t e n  
t imes t h a t  o f  t h e  f r e e  hanging subsystem. Th is  represents  t h e  damping added by 
t h e  r i v e t e d  j u n c t i o n s ,  and t h e  energy t r a n s f e r r e d  t o  a d j o i n i n g  subsystems. 
Note t h a t  a l l  o f  t h i s  components r i v e t s  a re  a t  t h e  j u n c t i o n s ,  thus  produc ing  a 
l a r g e  d i f f e r e n c e  between f r e e l y  suspended and i n - s i t u  measurements. 

The luggage compartment cover  p l a t e  (a  p o r t i o n  o f  RB) was measured w h i l e  
detached from RB. I t s  damping values measured resemble t h a t  o f  t h e  m a t e r i a l  
damping p resen t  i n  aluminum, w i t h  va lues o f  0.006 t o  0.008. 

The r i v e t e d  frame subsect ion measured, CF5, i s  o f  approx imate ly  t h e  same 
c o n s t r u c t i o n  as LF56L. The measurement o f  damping i n  CF5 f r e e  s tand ing  i s  made 
on an assembly t h a t  represents  SWF5L, CF5L, CF5M, CF5R, and SWF5R together .  
Th i s  frame i s  manufactured as one cont inuous p iece  b u t  sec t ioned i n  t h e  SEA 
model a t  i t s  major  connect ion t o  l o n g i t u d i n a l .  frames and pe r ime te r  panels.  The 
damping va lues recorded appear r e l a t i v e l y  cons tan t  w i t h  f requency f o r  t h e  web 
measurement, w h i l e  t h e  f l ange  measurement shows e t a ' s  s l i g h t l y  h ighe r  a t  l o w  
f requency. The 8 Khz octave va lues a re  very  c l o s e  t o  those measured i n - s i t u  on 
LF56L, wh i l e  t h e  d i f f e r e n c e  between t h e  i n - s i t u  and f r e e  hanging l o s s  f a c t o r  
va lues inc rease w i t h  decreas ing frequency. A t  500 hz, t h e  i n - s i t u  l o s s  f a c t o r  
measured i s  approx imate ly  two t o  t h r e e  t imes t h e  f r e e l y  suspended values. Note 
t h a t  approx imate ly  t w o - t h i  rds  o f  t h i s  components r i v e t s  a re  a1 ready i n  p l  ace 
f o r  t h e  i n - s i t u  measurement s ince  i t  i s  a b u i l t - u p  sheet metal  cons t ruc t i on .  
Thus t h e  inc rease i n  l o s s  f a c t o r ,  when measured i n - s i t u ,  i s  much sma l le r  than 
t h e  inc rease exper ienced by  a panel component, such as SP56L discussed above. 

Another measurement made w i t h  a subsystem f r e e  hanging was performed on t h e  
"broom c l o s e t " ,  a l i g h t w e i g h t  s t r u c t u r e  o f  r i v e t e d  aluminum and composite 
c o n s t r u c t i o n  which houses f l i g h t  c o n t r o l  rods and c i r c u i t  breaker  panels  (see 
Photo P16). The l o s s  f a c t o r  da ta  acqui red show values s l i g h t l y  h ighe r  than 
t h a t  o f  t h e  CF5 measurements. The broom c l o s e t  has many at tachment b rackets  
and such r i v e t e d  t o  it, and has a composite m a t e r i a l  cen te r  s e c t i o n  t h a t  has a 
h ighe r  m a t e r i a l  l o s s  f a c t o r  than aluminum. 

The " c h i n  window" i s  a c l e a r  the rmop las t i c  panel w i t h  a compound cu rva tu re ,  
which mounts t o  e i t h e r  s i d e  o f  t h e  nose cone, near t h e  p i l o t ' s  f ee t .  The f r e e  
s tand ing  l o s s  f a c t o r  values a re  approx imate ly  w i t h i n  t h e  m a t e r i a l  l o s s  f a c t o r  
va lues t y p i c a l l y  re fe renced i n  t h e  l i t e r a t u r e  (0.02 t o  0.04), and are  much 
lower  than  t h e  values measured i n - s i t u  on SW14L. 

I n  genera l ,  t h e  damping l o s s  f a c t o r  va lues measured c o n f i r m  t h a t  t h e  r u l e  o f  
thumb damping values used f o r  aerospace s t r u c t u r e s  a p p l i e s  t o  r o t o r c r a f t ,  w i t h  
t h e  p o s s i b l e  except ion  o f  members sub jec ted  t o  many d i s c o n t i n u i t i e s .  
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Acoust ic  decay r a t e .  - Measurements o f  cab in  acous t i c  decay r a t e s  and c a l c u l a -  
t i o n  o f  abso rp t i on  c o e f f i c i e n t  a r e  shown i n  F igu re  D15. These va lues rep resen t  
t h e  average o f  decay r a t e  measurements made a t  two l o c a t i o n s  i n  t h e  cabin.  The 
a f t  cab in  measurement l o c a t i o n  was a t  cross frame f o u r  approx imate ly  on t h e  
a i  r c r a f t  cen ter1  i ne (CF4M), whi 1 e t h e  fo rward  1 o c a t i  on was between c ross  frames 
f i v e  and s i x ,  approx imate ly  s i x  inches t o  p o r t  f rom t h e  a i r c r a f t  c e n t e r l i n e .  
Both microphones were a t  approx imate ly  seated head l e v e l .  

As noted p r e v i o u s l y ,  t h i s  decay r a t e  measurement i nc ludes  energy t r a n s m i t t e d  
i n t o  subsystems ad jacent  t o  t h e  cab in  as w e l l  as t h e  energy absorbed i n  t h e  
acous t i c  space. The panel  subsystems t h a t  c r e a t e  t h e  cab in  boundar ies a r e  
main ly  o f  aluminum honeycomb c o n s t r u c t i o n ,  (> SO%), w i t h  c l e a r  the rmop las t i c  
windows i n s t a l  1 ed as w indsh ie lds ,  door and s i d e  panel windows rep resen t ing  
approx imate ly  20%. S t i f f e n e d  aluminum sheet comprises t h e  d r i p  pan (OP14D), 
r e a r  b u l  khead (RB) , and m i  sce l  1 aneous o t h e r  smal l  subsystems t o t a l  i ng approx i  - 
mate ly  lo%, and composite m a t e r i a l  panels  and sec t i ons  o f  t h e  c o c k p i t  and cab in  
doors rep resen t ing  t h e  remain ing boundi ng sur face  area. W i t h i n  t h e  cab in ,  t h e  
l o n g i t u d i n a l  and c ross  frames p r o t r u d e  from t h e  o u t e r  s k i n  bounding sur face ,  
d e f i n i n g  "bays" which a r e  approx imate ly  0.2m deep i n  t h e  overhead, and O . l m  
deep i n  t h e  s idewa l l s .  These bays c o n t a i n  va r ious  e l e c t r o n i c  assemblies and 
many w i r e  bundles and connectors rou ted  through them. The ins t rumen t  panel  and 
broom c l o s e t  assembly are  o f  l i g h t  sheet aluminum c o n s t r u c t i o n ,  and p r o v i d e  an 
i n t e r r u p t i o n  of t h e  fo rward  cab in  volume. 

The acous t i c  decay r a t e s  measured were s l i g h t l y  s h o r t e r  f o r  t h e  a f t  cab in  
microphone p o s i t i o n ,  compared t o  t h e  fo rward  cab in  l o c a t i o n .  Th is  d i f f e r e n c e  
i s  ve ry  l i t t l e  a t  500 hz and 8 Khz (- I%), b u t  as much as 8% a t  2 Khz. The 1 
Khz octave d e l t a  i s  5% and t h e  4 Khz octave 2.5% lower.  P h y s i c a l l y ,  t h e  a f t  
microphone p o s i t i o n  i s  surrounded by l i g h t w e i g h t  sheet aluminum c o n s t r u c t i o n  
panel  subsystems such as OP14D and RB, whereas t h e  fo rward  microphone i s  no t .  
The t r a n s f e r  o f  energy i n t o  these subsystems may be a f a c t o r  i n  t h i s  c o n s i s t e n t  
d i f f e r e n c e  i n  decay r a t e  values. 

Table D2. Acous t ic  Loss Factor  Measurements 
Time f o r  60 dB SPL Decay, seconds 

M i  crophone 
Locat ion  

Forward 
A f t  

500 - l k  - 2k - 8k - 4k - 
0.225 0.275 0.382 0,364 0.258 

0.262 0.350 0.355 0.256 0.222 
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S 7 6  CABIN ACOUSTIC DECAY RATE 
REVERB TIME IN SECONDS.ABSORPTION IN X 

0.5 

0 I 

OCTAVE BAND CENTER FREQUENCY,hz  
REVERB TIME + ABSORPTION 

Figure  D15. S-76 Untreated Cabin Acoustic Decay Rate Data 
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V i b r a t i o n  t r a n s f e r  f unc t i ons .  - V i b r a t o r y  t r a n s f e r  f u n c t i o n s  were measured 
between t h e  m a j o r i t y  o f  panel  and frame subsystems and seven shaker at tachment 
l oca t i ons .  The s h i k e r  at tachment s e t  was comprised o f  a v e r t i c a l ,  l a t e r a l  and 
1 ongi  t u d i  na l  d i r e c t i o n  a t  t h e  r i g h t  r e a r  mai n gearbox at tachment 1 o c a t i  on 
(RAR), v e r t i c a l  and l a t e r a l  a t  t h e  f r o n t  l e f t  main gearbox at tachment (FAL), 
and two shaker l o c a t i o n s  r e l a t e d  t o  h y d r a u l i c s  l i n e  hard  mounting l o c a t i o n s  
(HYD). The da ta  acqu i red  i s  d i sp layed  i n  F igures  D16 t o  D25. 

The overhead frames i n  t h e  S-76 c o n s i s t  o f  two l o n g i t u d i n a l  members and t h r e e  
main c ross  frames (see F i g u r e  B1 and Photo P2). The l o n g i t u d i n a l  frames extend 
from t h e  main gearbox fo rward  t o  t h e  c o c k p i t  and w indsh ie ld  area, and a r e  
p h y s i c a l l y  sec t ioned by t h e  cross frames a t  t h e  r e a r  and f r o n t  edges o f  t h e  
cab in  doors, and a t  t h e  a f t  edge o f  t h e  c o c k p i t  doors. These c ross  frames 
a t t a c h  t o  s i d e  frames a t  t h e  j u n c t i o n  between t h e  upper deck and t h e  s i d e  w a l l s  
i n  t h e  cabin,  which then a t t a c h  t o  t h e  cab in  f l o o r .  Adjacent  t o  t h e  main 
gearbox suppor t  frames a re  two c ross  frames on e i t h e r  s ide  o f  t h e  d r i p  pan, 
which a t t a c h  t o  t h e  pe r ime te r  panel s t r u c t u r e .  Overhead frame t r a n s f e r  func- 
t i o n s  measured i n  t h e  ou t -o f -p lane d i r e c t i o n  a re  shown i n  F igu re  D16. The 500 
and 1 Khz octave measurements appear s i m i l a r  i n  t h a t  FALV has t h e  h ighes t  l e v e l  
t r a n s f e r r e d  up t o  LF56L, where RARLong then e x c i t e s  LF67Lo and CPM to a h ighe r  
degree. CPM i s  a frame t h a t  i s  t h e  c e n t e r  p o s t  between w indsh ie lds .  These 
t r a n s f e r  f u n c t i o n  l e v e l s  a r e  c o n s i s t e n t l y  g r e a t e r  t han  zero,  meaning t h a t  t h e  
r a t i o  o f  ou tpu t  v i b r a t i o n  t o  i n p u t  (source) v i b r a t i o n  i s  g r e a t e r  t han  one. FAL 
l a t e r a l  i s  c o n s i s t e n t l y  t h e  lowest  l e v e l  v i b r a t i o n  t r a n s f e r  l o c a t i o n / d i r e c t i o n  
i n  a l l  f o u r  octaves. An i n t e r e s t i n g  obse rva t i on  i s  t h a t  t h e  RAR l a t e r a l  
e x c i t a t i o n  produces h ighe r  ou tpu t  on t h e  l e f t  s i d e  frames ou t -o f -p lane than FAL 
l a t e r a l  does, which i s  a l e f t  s i d e  i n p u t .  A t  500 hz, t h e  remain ing t h r e e  
source l o c a t i o n s ,  RAR l a t e r a l ,  v e r t i c a l  and l o n g i t u d i n a l ,  a re  n e a r l y  equal a t  
LF14L and LF45L, separate s l i g h t l y  a t  LF56L, b u t  keep t h e  same t r e n d  of h i g h  
LF67L response. The 1 Khz octave shows more o f  a t r e n d  towards lower  t r a n s f e r  
f u n c t i o n  l e v e l s  w i t h  d i s tance  f r o m  t h e  source, w i t h  a s l i g h t  r i s e  i n  response 
a t  LF67L. The 2 Khz p l o t  shows t h e  two FAL sources and the  RAR v e r t i c a l  
responses decreas ing w i t h  d i s tance  from t h e  source, b u t  t h e .  RAR l a t e r a l  and 
l o n g i t u d i n a l  responses r i s e  ‘and peak a t  LF56L and decrease towards t h e  f r o n t  o f  
t h e  a i r c r a f t .  Th i s  i s  a l s o  t r u e  a t  4 Khz, and i m p l i e s  a d i s t i n c t  p a t h  across 
t h e  a i r f r a m e  i n  t h a t  l o c a t i o n .  A lso a t  4 Khz, t h e  FAL v e r t i c a l  e x c i t a t i o n  
S ~ Q W S  a s u b s t a n t i a l  inc rease i n  response o f  t h e  CPM subsystem. 

In -p lane t r a n s f e r  f u n c t i o n  measurements a r e  shown i n  F igu re  D17. A t  500 hz, 
RAR l a t e r a l  produces good response i n  LF14Li, w i t h  a s u b s t a n t i a l  drop i n  
response i n  LF45Li. FAL v e r t i c a l  e x c i t a t i o n  p rov ides  a n e a r l y  cons tan t  
response i n  a l l  t h r e e  frames measured. The o n l y  p o i n t  below zero i s  f r o m  FAL 
l a t e r a l ,  as t h e  response o f  LF45Li i s  l e s s  than t h e  i n p u t  suppl ied.  A t  1 Khz, 
RAR v e r t i c a l  and l o n g i t u d i n a l  e x h i b i t  t h e  same response, w h i l e  FAL v e r t i c a l  
dominates and FAL and RAR l a t e r a l  produce s i m i l a r  response l e v e l s  f rom LF14Li 
t o  LF45Li. The 2 Khz and 4 Khz responses a re  s i m i l a r  w i t h  4 Khz o f  lower  
l e v e l .  FAL v e r t i c a l  dominates, decreases w i t h  d i s tance  from t h e  source. FAL 
l a t e r a l  shows a s u b s t a n t i a l  decrease from LF14 t o  LF45, and the  r i g h t  s i d e  
e x c i t a t i o n s  show increase i n  response w i t h  fo rward  d is tance.  
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The pe r ime te r  panel ,  a l i g h t w e i g h t  s t r u c t u r e  l o c a t e d  on e i t h e r  s i d e  o f  t h e  
a i r c r a f t  (see Photos P2, P9, P12), separa t ing  t h e  overhead from t h e  s ide  panels  
and connect ing cross frames, i s  discussed next .  The l e f t  s i d e  measurements 
(F igure  D18) made show, a t  500 hz, h ighes t  response o f  PP14L from FAL v e r t i c a l ,  
whi 1 e RAR 1 ongi  t u d i  na l  domi nates PP56L, PP67L, and PP7WL. FAL 1 a t e r a l  produces 
t h e  l e a s t  response i n  a l l  four  octaves. As frequency increases,  t h e  r i s e  i n  
response o f  PP56 and 67L d imin ishes  where a t  4 Khz, t h e  responses decrease 
almost l i n e a r l y  w i t h  d i s tance  from t h e  source frames. Between 1 Khz and 2 Khz, 
response t o  FAL v e r t i c a l  remains n e a r l y  constant ,  whi 1 e t h e  d i s t a n t  subsystem 
dominance o f  RAR l o n g i t u d i n a l  d imin ishes.  The 2 Khz and 4 Khz octaves show RAR 
e x c i t a t i o n s  c l o s e  together ,  w i t h  FAL v e r t i c a l  dominat ing t h e  near-source and 
FAL l a t e r a l  genera t ing  t h e  l e a s t  response a t  t h e  subsystems f u r t h e s t  f r o m  t h e  
source. 

The l e f t  s i d e  overhead panel t r a n s f e r  f u n c t i o n  measurements a re  shown i n  F igu re  
D19. These subsystems extend from t h e  panels  ad jacent  t o  t h e  source frames 
(OP12, 23, 34 lower  and upper) t o  t h e  c o c k p i t  and w indsh ie ld  area (FWL). They 
a re  cons t ruc ted  ma in l y  o f  aluminum honeycomb, w i t h  OP12L and OP34L1 as aluminum 
sheet,  and t h e  w indsh ie lds  o f  c l e a r  the rmop las t i c  (see F igu re  B2). I n  t h e  500 
hz octave, OP34L1 ge ts  t h e  h ighes t  response from each o f  t h e  e x c i t a t i o n s .  FAL 
l a t e r a l  produces t h e  lowest  response l e v e l s ,  and t h e  t h r e e  RAR e x c i t a t i o n s  
r e s u l t  i n  n e a r l y  equal response l e v e l s  ( w i t h i n  approx imate ly  5 de) f rom sub- 
system t o  subsystem, peaking a t  OP34L1 w i t h  a s l i g h t  inc rease from RAR l o n g i -  
t u d i n a l  i n p u t  f o r  OP67L and FWL. FAL v e r t i c a l  y i e l d s  t h e  h ighes t  response on 
panels  up t o  t h e  c o c k p i t ,  where RAR l o n g i t u d i n a l  then dominates. A t  1 Khz, 
these t rends  remain t h e  same, w i t h  t h e  RAR group o f  e x c i t a t i o n  widening i t s  
spread t o  approx imate ly  10 dB. FAL l a t e r a l  response i s  up i n  t h e  subsystems 
ad jacent  t o  LF14L. A t  2 Khz, FAL v e r t i c a l  response i s  approx imate ly  10 t o  15 
dB h ighe r  than  a l l  o t h e r  e x c i t a t i o n s .  RAR i n p u t s  remain w i t h i n  10 dB response 
o f  each o t h e r  f o r  a l l  subsystems and FAL l a t e r a l  i s  lowest ,  p a r t i c u l a r l y  a t  
OP56L and OP67L. The 4 Khz octave i s  dominated by FAL v e r t i c a l  up t o  OP56L, 
where t h e  RAR e x c i t a t i o n s  merge w i t h  i t  a t  n e a r l y  equal response l e v e l .  RAR 
l a t e r a l  and l o n g i t u d i n a l  produce l e s s  response a t  t h e  panels  ad jacent  t o  LF14L. 
A lso,  t h e  h i g h  response o f  OP34L1 i s  n o t  ev iden t  here,  and has d imin ished w i t h  
i n c r e a s i n g  f requency.  Response l e v e l s  of +20 t o  +30 dB a t  Subsystems near- 
source w i t h  a hea l thy  r o l l o f f  beg inn ing  w i t h  OP45L i s  t h e  general  t rend.  

Panels i n  t h e  cen te r  i n c l u d e  l i g h t ,  s t i f f e n e d  sheet aluminum panels  such as 
OP14D and t h e  r e a r  bulkhead, RB, and more fo rward  panels  a re  o f  aluminum honey- 
comb c o n s t r u c t i o n  (see Photos P.8 through P14). A t  500 hz, t h e  FAL v e r t i c a l  
i n p u t  response increases f r o m  OP14D t o  OP5YM, then  dec l i nes  towards t h e  f r o n t  
o f  t h e  a i r c r a f t .  RAR v e r t i c a l  response, however, decreases smoothly towards 
t h e  cockp i t .  The o the r  ou t -o f -p lane i n p u t ,  RAR l o n g i t u d i n a l ,  r e s u l t e d  i n  h igh  
responses from a l l  b u t  OP5YM, and markedly a t  OP67M. The two l a t e r a l  responses 
show very  s i m i l a r  t rends  f o r  each subsystem, w i t h  FAL l a t e r a l  approx imate ly  15 
dB l e s s  i n  response l e v e l  f o r  a l l  subsystems overhead panel subsystems mea- 
sured. A t  l Khz, these t rends  appear t h e  same, w i t h  t h e  OP14D response f rom 
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FAL v e r t i c a l  up and t h e  RAR l o n g i t u d i n a l  response a t  OP67M lower.  A t  2 Khz, RB 
response i s  n e a r l y  u n i t y  f rom FAL v e r t i c a l  and RAR l o n g i t u d i n a l .  The OP14D 
response then i s  between 10 and 18 dB f o r  a l l  e x c i t a t i o n s  except FAL l a t e r a l ,  
which i s  s l i g h t l y  p o s i t i v e .  Response o f  OP5YM i s  v a r i e d  f r o m  -14 dB f rom . 

l a t e r a l  t o  +15 dB f rom FAL v e r t i c a l .  OP56M and OP67M show response l e v e l s  
w i t h i n  8 t o  10  dB f o r  a l l  e x c i t a t i o n s  except  f o r  FAL l a t e r a l ,  which i s  lowest  
across these measurements. A t  4 Khz, a wide v a r i a t i o n  i n  response a t  RB 
occurs,  w i t h  RAR v e r t i c a l  h i g h e s t  and FAL l a t e r a l  lowest .  Response t o  OP14D i s  
g r e a t e r  than zero f o r  a l l  e x c i t a t i o n s ,  headed again by RAR v e r t i c a l  w i t h  FAL 
v e r t i c a l  s l i g h t l y  h ighe r  than  u n i t y .  The remain ing subsystems have s i m i l a r  
responses f o r  a l l  b u t  FAL v e r t i c a l ,  w i t h  OP56M response w i t h i n  3 dB. 

The low response t o  FAL l a t e r a l  e x c i t a t i o n ,  seen i n  a l l  o f  t h e  p rev ious  mea- 
sured data,  may be a t t r i b u t a b l e  t o  t h e  c o n s t r u c t i o n  o f  t h e  fo rward  p o r t i o n  o f  
LF14L and R (see Photos P3 through P5). The fo rward  gearbox mounting l o c a t i o n  
i s  s t i f f e n e d  v e r t i c a l l y  by t h e  a d d i t i o n  o f  p l a t e  and angle s t r u c t u r e  r i v e t e d  
a long t h e  inboard  s i d e  o f  t h i s  beam, and c o n t i n u i n g  around t o  t h e  t o p  edge. 
Access, t h e r e f o r e ,  t o  t h e  fo rged p o r t i o n  o f  t h e  beam, which t h e  gearbox i s  
b o l t e d  d i r e c t l y  t o ,  i s  ve ry  l i m i t e d ,  and n o t  adequate f o r  t h e  mounting o f  t h e  
shaker i n  t h a t  l o c a t i o n  and d i r e c t i o n .  Mount ing t h e  shaker a l t e r n a t e l y  t o  t h e  
uppermost p o r t i o n  o f  t h i s  s t i f f e n i n g  s t r u c t u r e  p rov ided  t h e  da ta  shown i n  t h e  
f i g u r e s  re fe renced i s  t he  preceeding paragraphs. Upon comparison o f  t h e  f r o n t  
t o  t h e  r e a r  at tachment s t r u c t u r e ,  t h e  r e a r  l o c a t i o n s  do n o t  have t h i s  added 
s t r u c t u r e ,  and RAR l a t e r a l  e x c i t a t i o n  produced c o n s i s t e n t l y  h ighe r  response 
l e v e l s .  A lso,  when comparing FAL and RAR l a t e r a l  response o f  t h e  cen te r  
overhead panels ,  a d i s t i n c t  s i m i l a r i t y  i n  shape i s  p resent ,  a l though t h e  FAL 
response remai ns much 1 ower i n  1 eve1 . 
Hydrau l i cs  e x c i t a t i o n .  - The h y d r a u l i c s  e x c i t a t i o n  l o c a t i o n s  were on t h e  upper 
deck o f  t h e  a i r c r a f t ,  a t  two p o i n t s  where h y d r a u l i c  pressure l i n e s  were a t tach -  
ed. The HYDFRME l o c a t i o n  was on the  upper f l a n g e  o f  LF45L a t  t h e  YF45M junc-  
t i o n ,  w h i l e  t h e  HYDPANL e x c i t a t i o n  was l o c a t e d  on OP56L, approx imate ly  0.15111 
outboard o f  LF56L and O . l m  fo rward  o f  CF5L. Th is  deck i s  where much o f  t h e  . 
f l i g h t  c o n t r o l s  hardware i s  at tached. 

The miscel laneous frame in -p lane  measurement o f  response t o  these i n p u t s  a re  
shown i n  F igu re  D21. I n  t h e  500 hz octave,  t h e  HYDFRME e x c i t a t i o n  produces 
more response w i t h  decreas ing d i s tance  f r o m  t h e  source a1 ong t h e  1 ongi  t u d i  na l  
frames, LF14Li, and 45L i ,  measured. The response o f  LF56Ri, a r i g h t  s ide  
l o n g i t u d i n a l  frame, i s  h ighe r  fo r  e i t h e r  i n p u t  than LF45Li, which i s  t h e  source 
l o c a t i o n  f o r  HYDFRME, and i s  very  c lose  t o  HYDPANL. CF3Li e x c i t a t i o n  i s  u n i t y  
f o r  HF b u t  approx imate ly  -16 dB f o r  HYDPANL. Response l e v e l s  a t  CF6Li and 
CF5Mi a re  n e a r l y  t h e  same f o r  a l l  f o u r  octaves measured. I n  t h e  1 ,Khz octave, 
HYDFRME ge ts  h ighe r  response than HYDPANL a t  LF14Li and LF45Li, response i s  
equal f o r  LF56Ri, CFGLi, and CF5Mi, and CF3Li remains dominated by HYDFRME. A t  
2 Khz and 4 Khz, HYDFRME produces h igher  response i n  a l l  b u t  CF6Li, w i t h  LF45Li 
a t  l e v e l s  o f  20 t o  25 dB. A lso,  HYDFRME produces n e a r l y  equal response l e v e l s  
f o r  a l l  b u t  LF45Li i n  bo th  octaves, w h i l e  HYDPANL r e s u l t s  i n  h i g h  response a t  
CF6Li. 4 Khz responses a re  approx imate ly  10 dB lower  than 2 Kh-z l e v e l s .  
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L e f t  s ide  overhead panel t r a n s f e r  f u n c t i o n  measurements w i t h  RB inc luded,  
appear i n  F igu re  D22. HYDFRME produces h igher  response a t  a l l  f o u r  octaves i n  
t h e  subsystems RB, OP23L, OP34Lu, and OP45L by approx imate ly  15 dB. Response 
a t  OP67L and FWL i s  n e a r l y  equal f o r  bo th  e x c i t a t i o n s  and a l l  octaves, w i t h  
HYDPANL c o n s i s t e n t l y  s l i g h t l y  h igher .  OP56L i s  dominated by HYDPANL by as much 
as 15 dB, and on average 10 dB. RB response t o  e i t h e r  e x c i t a t i o n  decreases 
w i t h  i n c r e a s i n g  frequency. 

Center overhead panel response measurements a re  shown i n  F igu re  023. HYDFRME 
dominates a l l  p o s i t i o n s  except CPM (note RB i s  echoed here) by approx imate ly  15  
dB w i t h  r e l a t i v e l y  cons tan t  response l e v e l s  a t  a l l  octaves f o r  OP14D and OPY5M. 

The r i g h t  s i d e  overhead panel response l e v e l s  a re  dominated by  HYDFRME a t  a l l  
measurement l o c a t i o n s  and octaves (see F igure  D24). These da ta  show l e v e l s  
t h a t  a r e  ma in l y  negat ive ,  as these panels  a re  on t h e  oppos i te  s ide  o f  t h e  
a i r f r a m e  f r o m  t h e  source l o c a t i o n s .  Highest  response l e v e l s  occur a t  OP45R a t  
500 and 4 Khz, w h i l e  OP34Lu dominates 1 K  and 2K hz. 

M i  sce l  1 aneous panel  s measured w i t h  HYDFRME and HYDPANL i n p u t  appear i n F igu re  
D25. SP56L and SW56L a re  t h e  s ide  panel and window neares t  these e x c i t a t i o n  
p o i n t s ,  and FWL and FWR a re  t h e  w indsh ie lds  l e f t  and r i g h t  r e s p e c t i v e l y .  RB i s  
added f o r  comparison. The response t o  e i t h e r  i n p u t  appears n e a r l y  t h e  same 
w i t h i n  each octave, w i t h  t h e  response a t  SP56L and SW56L c l o s e  t o  u n i t y ,  and 
FWL and FWR responses i n  t h e  range o f  -20 dB i n  a l l  octaves f o r  bo th  e x c i t a -  
t i o n s .  

V i  b ro /acous t ic  t r a n s f e r  f u n c t i o n  measurements. - Measurements o f  r e s u l t i n g  
sound pressure f r o m  a v i b r a t o r y  source i n p u t  a t  t h r e e  main gearbox mounting 
l o c a t i o n s  a re  shown i n  F igures  D27, D28, and 029. The da ta  i s  presented as t h e  
r a t i o  o f  pressure l e v e l  t o  a c c e l e r a t i o n  l e v e l .  The pressure l e v e l  measured 
d u r i n g  v i  b r a t o r y  i nput  i s re fe renced t o  20 m i  cropascal  s , t h e  .source accel  era-  
t i o n  l e v e l  i s  re fe renced t o  one micrometer pe r  second squared, and the  r a t i o  o f  
these two q u a n t i t i e s  i s  ca l cu la ted .  Therefore, ,  a lm/s2 i n p u t  (120 dB ac- 
c e l e r a t i o n )  would y i e l d  70 dB sound pressure i f  t h e  t r a n s f e r  f u n c t i o n  l e v e  i s  
-50 dB. The microphone p o s i t i o n s  u t i l i z e d  were  f o r w a r d  and a f t  cab in  and 
luggage compartment l o c a t i o n s .  

F igu re  D27 shows t h e  response o f  t he  microphone l o c a t i o n s  t o  FAL v e r t  c a l  
e x c i t a t i o n .  The r e a r  cab in  microphone response i s  h ighes t  a t  a l l  octaves and 
e x c i t a t i o n  l o c a t i o n s ,  f o l l owed  by t h e  f r o n t  cabin; and baggage l o c a t i o n s .  
Frequency t r e n d  i s  general  l y  lower  response w i t h  i nc reas ing  frequency. RAL 
v e r t i c a l  e x c i t a t i o n  (see F igu re  D29) produces n e a r l y  t h e  same r e a r  cab in  
l e v e l s ,  and h ighe r  f r o n t  cab in  l e v e l s  than FAL v e r t i c a l .  FAL l a t e r a l  e x c i t a -  
t i o n  response i s  much lower  than t h e  two v e r t i c a l  i n p u t s  by approx imate ly  20 
dB. I n  general  , t h e  luggage compartment i s  approx imate ly  10  dB less  than the  
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Figure D22b. Miscellaneous Frame In-Plane Transfer Function Measurements, 
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Figure D22c. Miscellaneous Frame In-Plane Transfer Function Measurements, 
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Hydraul i c  Attachment Exci ta t ion,  .5 kHz 

OVERHEAD PANEL TRANSFER FUNCTIONS 
MEAS'D- 1000 hz HYDRAULIC AlTACH EXCIT :"I 

20 

1 0  - 
, %  0 

- 1 0  - 

Figure D23b. Overhead Panel Transfer Function Measurements, L e f t  
Hydraulic Attachment Exci ta t ion,  1 kHz 

Side, 

96 



40 - 
50 - 
20 

1 0  

0 

- 1 0  

-20 

-40 - 3 0 1  

-- I I I I I I I 

RE OP23L OP34Lu OP45L OP56L OP67L FWL 

OVERHEAD PANELS-LETT SIDE 
13 HYDFRME + HYDPANL 

F igu re  D23c. Overhead Panel T rans fe r  Func t ion  Measurements, L e f t  Side, 
Hydraul i c Attachment E x c i t a t i o n ,  2 kHz 

OVERHEAD PANEL TRANSFER FUNCTIONS 
MEAS'D-4000 h t  HYDRAULIC AlTACH EXCIT 

50 

40 

50 

20 

1 0  

0 

-1 0 

-20 

-30 

-40 

-50 
RB OP23L OP34Lu OP45L OP56L OP07L FWL 

OVERHEAD PANELS-LEFT SIDE 
0 HYDFRME + HYDPANL 

F igu re  D23d. Overhead Panel Transfer Func t ion  Measurements, L e f t  Side, 
Hydrau l i c  Attachment E x c i t a t i o n ,  4 kHz 

97 



- _  

OVERHEAD PANEL TRANSFER FUhiCf lONS 

40 - 
SO - 
20 - 

-20 - 
-30 - 
-40- 

-50 I I I I 

- -  

-20 - 
-30 - 
-40 - 
-50 

Figure  D24a. Overhead Panel Transfer  Function Measurements, M idd le ,  Hydrau l ic  
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r e a r  cab in  microphone, w h i l e  t h e  f r o n t  cab in  microphone i s  dB l e s s  than  t h e  
r e a r  on t h e  average. The FAL v e r t i c a l  dominance o f  v i b r a t o r y  t r a n s f e r  func- 
t i o n s ,  a long w i t h  t h e  much lower  FAL l a t e r a l  response l e v e l s  c o r r e l a t e s  w e l l  
w i t h  these r e s u l t s .  

Acoust ic  t r a n s f e r  f unc t i ons .  - Acoust ic  t r a n s f e r  f unc t i ons  were measured 
between t h e  r e a r  cab in  microphone l o c a t i o n  and t h r e e  source l o c a t i o n s .  The 
source l o c a t i o n s  i nc luded  t h e  gearbox area, t h e  luggage compartment, and t h e  
racecar ,  which i s  t h e  cow l ing  fo rward  o f  t h e  gearbox and covers t h e  f l i g h t  
c o n t r o l  hardware a t tached t o  t h e  c e n t e r  overhead panels.  The main gearbox and 
i t s  ad jacent  cowl ings were n o t  i n  p lace  d u r i n g  t h i s  t e s t .  

The da ta  i s  shown i n  F igu re  029. The gearbox source l o c a t i o n  dominates t h e  
response i n  a l l  octaves measured, w i t h  t h e  luggage compartment 10 dB l e s s  i n  
t h e  SIL-4 octaves and t h e  racecar  source 5 dB below t h a t .  The gearbox source 
l o c a t i o n  i s  bounded f rom t h e  cab in  by OP14D, a l i g h t w e i g h t  aluminum panel ,  
w h i l e  t h e  luggage compartment connects t o  t h e  cab in  through RB, and t h e  racecar  
source th rough t h e  heav ie r  cen te r  overhead panel s. These d e s c r i p t i o n s  co r re -  
l a t e  d i r e c t l y  w i t h  t h e  observed t rends .  

F l i g h t  T e s t  Measurements 

V i b r a t i o n  Levels.  - V i b r a t i o n  measurements made i n  f l i g h t  a r e  shown i n  F igures  
D30 th rough D46. Main gearbox at tachment l o c a t i o n  v i b r a t i o n  l e v e l s  were 
measured f o r  approx imat ion o f  t h e  power i n p u t  i n t o  t h e  a i r f r a m e  d u r i n g  fo rward  
f l i g h t .  Th i s  measurement da ta  i s  shown i n  F igures  030 t o  D36. I n  t h e  v e r t i c a l  
d i r e c t i o n ,  (see F igu re  D30) t h e  500 hz l e v e l s  a re  c l o s e  f o r  a l l  f o u r  mounting 
l o c a t i o n s ,  a t  146 t o  147 dB. The lkHz l e v e l s  a l l  f a l l  between 151  and 154 dB, 
again very  s i m i l a r .  A t  ZKhz, t h e  r e a r  at tachments become h ighe r  than t h e  
f r o n t ,  by 2 t o  5 dB and a t  4Khz, t h e  l e f t  f r o n t  i s  h i g h e s t  a t  152 and t h e  r i g h t  
f r o n t  lowest  a t  142 dB. I n  genera l ,  t h e  v e r t i c a l  d i r e c t i o n  l e v e l s  a re  compar- 
ab le  f o r  a l l  l o c a t i o n s  w i t h  except ion  a t  4000 hz. The l a t e r a l  d i r e c t i o n  
(F igure  D31) shows a much w ider  v a r i a t i o n  i n  l e v e l s  than t h e  v e r t i c a l .  The 
l e f t  s i d e  dominates, w i t h  f r o n t  and r e a r  w i t h i n  1dB i n  l e v e l  a t  400, lk and 
ZkHz, w i t h  t h e  l e f t  f r o n t  3dB h ighe r  than t h e  r e a r  i n  t h e  4Khz octave. The 
r i g h t  s ide  measurements a re  10 and 20 dB below t h e  l e f t  a t  t h e  r e a r  and f r o n t  
i n  bo th  t h e  500 and 1000 hz octaves. The r e a r  l e v e l s  a re  approx imate ly  150 dB 
across t h e  f requency range w h i l e  t h e  f r o n t  averages i n  t h e  l o w  140 ' s .  A t  2 and 
4 Khz, t h e  r i g h t  r e a r  l e v e l s  n e a r l y  equal those o f  t h e  l e f t  s ide .  The l o n g i -  
t u d i n a l  e x c i t a t i o n  (F igure  D32) has no dominant l o c a t i o n  f o r  a l l  f o u r  octaves. 
FAL i s  h ighes t  a t  500 hz a t  153 dB, where RAR i s  lowest  a t  136 dB. A t  1000 hz 
FAL and RAL a re  bo th  approx imate ly  156 dB and FAR t h e  lowest  a t  147 dB. A t  
2000 hz, RAR and RAL a re  h i g h  a t  155 dB and a t  4000 hz, FAL i s  high' a t  152 dB. 
I n  s h o r t ,  t h e  l a t e r a l  i s  dominated by t h e  l e f t  s ide ,  v e r t i c a l  i s  approx imate ly  
equal f o r  a l l  ' locat ions,  and t h e  l o n g i t u d i n a l  i s  mixed across the  SIL-4 oc- 
taves. 
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Figure D31. S-76 In-F1 ight Vibration Measurements, Vertical Transmission 
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Figure 032. S-76 In-F1 ight Vibration Measurements, Lateral Transmission 
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Figures 033 th rough D36 d e p i c t  t h i s  same data,  except grouped by f o o t  l o c a t i o n  
and compared i n  each p l o t  by d i r e c t i o n .  The l e f t  f r o n t  l o c a t i o n ,  (F igure  D33) 
shows t h e  l a t e r a l  l e v e l s  h ighes t  i n  a l l  octaves, w i t h  p a r t i c u l a r  dominance i n  
500 and 1000 hz. The l o n g i t u d i n a l  and v e r t i c a l  a re  8 and 12 dB below i n  these 
two octaves. The 2000 and 4000 octaves show n e a r l y  equal l e v e l  i n  each d i r e c -  
t i o n .  The r i g h t  f r o n t  l o c a t i o n  (F igure  D34) has t h e  v e r t i c a l  dominate t h e  500, 
l k  and 2k octaves, w i t h  approx imate ly  9dB spread i n  l e v e l  between each o f  t h e  
t h r e e  d i r e c t i o n s .  The l a t e r a l  l e v e l s  show an increase i n  l e v e l s  w i t h  i nc rea -  
s i n g  f requency, w h i l e  t h e  v e r t i c a l  and l o n g i t u d i n a l  l e v e l s  Leak a t  l k  and 2k 
r e s p e c t i v e l y .  A t  t h e  l e f t  r e a r  l o c a t i o n  (see F igu re  D35) t h e  l a t e r a l  dominates 
t h e  lower  octaves (500 and 1000 hz) w i th  l e v e l s  around 160 dB w h i l e  the 2 'Khz 
octave i s  approx imate ly  equal f o r  a l l  t h r e e  d i r e c t i o n s  w i t h i n  3dB. A t  4Khz, i s  
dominated by t h e  l a t e r a l  d i r e c t i o n  again,  f o l l o w e d  by t h e  v e r t i c a l  5dB lower  
and t h e  l o n g i t u d i n a l  approx imate ly  8dB down. A t  t h e  r i g h t  r e a r  at tachment t h e  
l a t e r a l  and v e r t i c a l  l e v e l s  a re  approx imate ly  equal a t  500 and 1000 hz. The 
l a t e r a l  drops o f f  a t  2000, and t h e  l o n g i t u d i n a l  and v e r t i c a l  become equal and 
h ighes t .  The 4000 hz octave shows these two octaves dropping o f f  and t h e  
l a t e r a l  becoming h ighes t  by 8dB a t  150 dB. I n  genera l ,  these da ta  show t h e  
l a t e r a l  measurements on t h e  l e f t  s i d e  dominant a t  1000 hz, t h e  octave t h a t  
g e n e r a l l y  c o n t r o l s  t h e  SIL-4 va lues i n  bare o r  f u l l y  t r e a t e d  cabins.  

The v i b r a t i o n  l e v e l s  measured a t  t h e  gearbox at tachment  d u r i n g  in-ground e f f e c t  
hover a r e  shown i n  F igures  D37 through D40. Th is  da ta  i n d i c a t e s  f o r  a l l  
l o c a t i o n s  and d i r e c t i o n s  t h a t  t h e  v i b r a t i o n  l e v e l s  measured i n  hover a re  w i t h i n  
5 dB o f  t h e  fo rward  f l i g h t  l e v e l s ,  w i t h  t rends  w i t h  f requency and d i r e c t i o n  
exceedingly  s imi  1 a r ,  b u t  general  l y  o f  1 ower 1 eve1 . 
The frame j u n c t i o n s  measured d u r i n g  75 m/s fo rward  f l i g h t  were t h e  v e r t i c a l  o r  
ou t -o f -p lane l e v e l s  a t  l o n g i t u i n d a l  frame j u n c t i o n s  between LF14-45L, LF45-56L, 
LF56-67L on t h e  l e f t  s ide ,  and LF56-67R on t h e  r i g h t  s ide .  The da ta  i s  shown 
i n  F igu re  D41. It revea ls  t h a t  t h e  l e v e l s  g e n e r a l l y  decrease w i t h  d i s tance  
away f rom t h e  main gearbox attachment. The s t a t i o n  4 j u n c t i o n  (between LF14 
and LF45) i s  l e s s  than 5 dB h ighe r  than  t h e  s t a t i o n  5 l e v e l s  i n  t h e  500, I k  and 
2k hz octaves, w i t h  t h e  4khz octave lower  by approx imate ly  3dB. The s t a t i o n  6 
j u n c t i o n s  show lower  500 and l k h z  l e v e l s ,  and d i s p l a y  an i n c r e a s i n g  t r e n d  w i t h  
f requency much l i k e  t h e  l e s s  s t i f f  sheet aluminum panel l e v e l s  when compared t o  
t h e  honeycomb cons t ruc t i on .  Other  frames measured inc luded  YF45M, a 1 i g h t -  
we'ight frame t h a t  d i v i d e s  OP4YM from OPY5M and connects LF46L and LF45R. SF6L 
i s  t h e  s ide  frame between SP56L and t h e  c o p i l o t ' s  door,  and CF2Lw i s  an i n -  
p lane measurement on a cross frame ad jacent  t o  t h e  l e f t  r e a r  gearbox mounting 
l o c a t i o n .  These measurements a r e  shown i n  F igu re  D42. The l e v e l s  measured on 
YF45M i n  t h e  web d i r e c t i o n  a re  h igh ,  between 150 and 160 db f o r  a l l  f o u r  
octaves. Th is  frame i s  f a i r l y  c lose  t o  t h e  source l o c a t i o n s ,  e q u i d i s t a n t  f r o m  
LF14L and R. SF6L measured r e l a t i v e l y  low, as i t  i s  f a i r l y  f a r  f rom the  
gearbox i n  path.  CF2L shows ext remely h i g h  l e v e l s  in -p lane,  w i t h  the  l k h z  
l e v e l  approx. 173 dB ( r e  1 micrometer pe r  second squared) and o the r  octaves 
above 160 dB. These l e v e l s  r e f l e c t  acce le ra t i ons  o f  g r e a t e r  than 100 meters 
p e r  second squared. 
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S-76 In-F1 ight Vibration Measurements, Left Front Transmission 
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Figure D38. 5 7 6  In-F1 ight Vibration Measurements, Left Front Transmission 
Interface Summary, Hover 
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Side panel and window v i b r a t i o n  l e v e l s  measured i n  f l i g h t  a re  shown i n  F igu re  
D43. SP14L and SP56L represent  cab in  s ide  panels  t h a t  a re  aluminurn honeycomb 
cons t ruc t i on ,  and f o l l o w  t h e  same t r e n d  as t h e  prev ious  f i g u r e  w i t h  v i b r a t i o n  
l e v e l  i n c r e a s i n g  w i t h  frequency. The l e v e l s  measured on SP14L a r e  5-15 dB 
h ighe r  than those measured on SP56L,. w i t h  t h e  500 hz octave the  most s i m i l a r  
and t h e  l k  and 2k approx imate ly  15 dB d i f f e r e n t .  The remain ing subsystems a re  
c l e a r  the rmop las t i c  windows t h a t  a r e  i n s t a l l e d  i n  the  a f t  and fo rward  s i d e  
panels  and t h e  l e f t  s i de  cab in  door. They d i s p l a y  a l e v e l  d i s t r i b u t i o n  w i t h  
f requency s i m i l a r  t o  t h a t  o f  t h e  sheet aluminum shear panels  r e f e r e d  t o  p r e v i -  
ous ly .  The a f t  s i d e  panel window, SW14L i s  10-20 dB h igher  than bo th  DW45L and 
SW56L, and has h ighe r  500 hz, and l k h z  l e v e l s ,  and i s  equal t o  2khz t o  t h e  
l e v e l s  measured on t h e  panel t h a t  i t  mounts t o ,  SP14L. Th is  t r e n d  i s  apparent 
a t  t h e  fo rward  s ide  panel and window, SP56L and SW56L, w i t h  the  l e v e l s  approx i -  
mate ly  15-20 dB lower.  

The r e a r  bulkhead p o s i t i o n s  measured were l o c a t e d  on each o f  t h e  l e f t ,  middle,  
and r i g h t  t h i r d s  o f  i t s  span, on areas o f  d i f f e r e n t  s t r u c t u r a l  cha rac te r  (see 
F igu re  D44). P o s i t i o n  1 was l o c a t e d  on a s t i f f e n i n g  r i b  i n  t h e  s ta rboard  
t h i r d ,  p o s i t i o n  2 on a t h i n  cover  p l a t e  approx imate ly  i n  t h e  cen te r ,  and pos i -  
t i o n  3 i n  t h e  p o r t  t h i r d  i n  between s t i f f e n e r s .  These da ta  a re  shown i n  F igu re  
D45, and show h ighe r  l e v e l s  i n  t h e  cen te r  on t h e  u n s t i f f e n e d  cover  p l a t e  i n  t h e  
500, 1000 and 2000 hz oc taves .  P o s i t i o n  1 data  shows t h e  l o w e s t  l e v e l s  ac ross  
t h e  f requency range, w i t h  compe t i t i on  a t  2000 hz, and p o s i t i o n  3 shows l e v e l s  
s i m i l i a r  t o  p o s i t i o n  1 i n  a l l  b u t  t h e  4000 hz octave, where i t  increases t o  
dominate t h e  octave. 

The overhead panel measurements performed d u r i n g  f l i g h t  a re  shown i n  Fig. D45. 
OP23L i s  an ex te rna l  s k i n  panel ad jacent  t o  t he  source frame LF14L, w h i l e  
OP34L1 i s  a shear panel ,  l o c a t e d  ad jacent  t o  t h e  source frames b u t  r i v e t e d  t o  
t h e  inboard  f l ange  o f  t h e  surrounding cross frames (see Photo P9). OP4YM i s  
t h e  s k i n  panel fo rward  o f  CF4M, i n  between LF451 and R (see Photo P14). OP45L 
i s  t h e  s k i n  panel ad jacent  t o  t h e  l e f t  cab in  door and LF45L. OP56L1 i s  t h e  
shear panel inboard  a t  t h e  56L l o c a t i o n ,  and OP56R1 i s  t h e  oppos i te  r i g h t  s ide  
panel .  The da ta  i n d i c a t e s  t h a t  OP34L1 has t h e  h ighes t  panel v i b r a t i o n  l e v e l s  
o f  t h e  panels  measured i n  t h e  500, l k  and 2k octaves, w i t h  t h e  OP23L panel 
hav ing t h e  h ighes t  4k octave. Two t rends  a re  apparent f r o m  t h i s  graph, w i t h  
the  panels  o f  aluminum sheet c o n s t r u c t i o n  and t h e  honeycomb panels  s e t t i n g  
d i % t i n c t  p a t t e r n s .  The aluminum honeycomb c o n s t r u c t i o n  panels  show v i b r a t i o n  
l e v e l s  t h a t  inc rease w i t h  f requency, w i t h  a s l i g h t  l e v e l i n g  between t h e  l k  and 
2k octave bands. Meanwhile, th,e aluminum sheet c o n s t r u c t i o n  panels tend  t o  
have the  lKhz octave h ighes t  w i t h  l e v e l s  decreas ing w i t h  i n c r e a s i n g  frequency 
above l k .  The bending r i g i d i t y  o f  these two cons t ruc t i ons  i s  s u b s t a n t i a l l y  
d i f f e r e n t ,  w i t h  t h e  honeycomb panels  t h e  s t i f f e r  o f  t h e  t w o .  
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Sound Pressure Levels.  - Measurements o f  sound pressure d u r i n g  75 m/s fo rward  
f l i g h t  and in-ground e f f e c t  hover were performed a t  approximate head l e v e l  on 
an S-76 a i r c r a f t  t h a t  was i n  t h e  bare o r  un t rea ted  cab in  c o n f i g u r a t i o n .  Th is  
da ta  i s  d i sp layed  i n  F igures  D47 t o  D53. Dur ing  75 m/s fo rward  f l i g h t  (see 
F igures  D47 through D50), t h e  a i r c r a f t  average sound pressure l e v e l  was 98.7 dB 
SIL-4. Th is  average inc ludes  n ine  cab in  and two ( p i l o t  and cen te r )  c o c k p i t  
l o c a t i o n s .  The cab in  average d u r i n g  fo rward  f l i g h t  was 99.7 dB SIL-4, which 
i nc ludes  o n l y  t h e  a f t ,  mid, and fo rward  rows (n ine  seat  l o c a t i o n s )  i n  t h e  cab in  
(see F igu re  D54). The h ighes t  speech i n t e r f e r e n c e  l e v e l s  (SIL-4) measured were 
a t  t h e  s ta rboard  mid and p o r t  a f t ,  a t  102.8 and 102.7 dB SIL-4 r e s p e c t i v e l y  
(see F igures D49 and D50). Starboard a f t ,  cen te r  mid and cen te r  a f t  f o l l o w  
c l o s e l y  a t  102.0, 101.6, and 101.0 dB SIL-4 r e s p e c t i v e l y .  The cen te r  a f t  sea t  
l o c a t i o n  i s  d i r e c t l y  beneath t h e  main gearbox, w h i l e  t h e  o t h e r  mid and a f t  
seats a re  ad jacent  t o  it. The lowest  SIL-4 va lues measured were recorded i n  
t h e  cen te r  c o c k p i t  l o c a t i o n  w i t h  a 92.4 dB l e v e l .  The p i l o t  sea t  l o c a t i o n s  and 
t h e  fo rward  cab in  s e a t i n g  l o c a t i o n  measurements range from 96.6 dB SIL-4 a t  t h e  
s ta rboard  fo rward  l o c a t i o n  t o  95.4 dB SIL-4 a t  t h e  cen te r  fo rward  p o s i t i o n  (see 
F igures  D47 and D48). Note t h a t  t h e  s ta rboard  mid and fo rward  l o c a t i o n s  o f f e r  
a 6.2 dB SIL-4 d i f f e r e n c e  i n  sound pressure l e v e l  w i t h i n  1 meter d i s tance  
between t h e  two measurements. 

The main gearbox b u l l  gear c l a s h  frequency o f  727.5 hz a t  100% r o t o r  speed l i e s  
w i t h i n  t h e  1 Khz octave,  as w e l l  as t h e  main bevel  gear c l a s h  a t  1221 hz. 
These gear meshes t r a n s f e r  t h e  main r o t o r  power f rom t h e  i n p u t  gears t o  t h e  
main r o t o r  sha f t .  These make t h e  1 Khz octave t h e  dominant o f  t h e  f o u r  SIL 
octaves. The h ighes t  1 Khz octave l e v e l  recorded was a t  t h e  s ta rboard  mid 
l o c a t i o n ,  w i t h  a l e v e l  o f  110.9 dB. The p o r t  a f t ,  cen te r  mid, s ta rboard  a f t ,  
cen te r  a f t ,  p o r t  mid and p i l o t  l o c a t i o n s  range from 108.7 t o  105.4 dB i n  
descending order .  The remain ing seat  l o c a t i o n s ,  t h e  fo rward  cab in  and cen te r  
c o c k p i t  range f r o m  102.3 t o  97 .1  dB a t  t h e  s ta rboard  fo rward  and cen te r  c o c k p i t  
l o c a t i o n s .  The average measurement made i n  t h i s  octave was 104.9 dB. 

The 500 hz l e v e l s  range f rom 103.7 dB t o  93.5 dB a t  t h e  s ta rboard  mid and 
cen te r  c o c k p i t  sea t  1 o c a t i  ons r e s p e c t i v e l y .  The seat  1 o c a t i  on sound pressure 
l e v e l  rank ing  f o l l o w s  t h e  1 Khz rank ing  c l o s e l y .  The average l e v e l  i n  t h i s  
octave i s  98.6 dB, and the  grouping o f  l e v e l s  i s  s i m i l a r  t o  t h a t  o f  t h e  1 Khz 
octave, w i t h  t h e  a f t  and mid l o c a t i o n s  t h e  h ighes t  o f  t h e  e leven measured. The 
h i g h  measurements i n  t h e  2K and 4Khz octaves a re  t h e  s ta rboard  a f t  and p o r t  
a f t ,  r e s p e c t i v e l y ,  w h i l e  t h e  lowest  l e v e l s  were measured i n  t h e  cen te r  c o c k p i t  
and p i l o t  l o c a t i o n s .  Changes o f  note a re  t h a t  t h e  h i g h  seat  f o r  t h e  h ighe r  
frequency octaves changes t o  t h e  a f t  row, w i t h  the  s ta rboard  mid l e v e l s  3.5 dB 
below t h e  h i g h  seat ,  and t h e  p i l o t  l o c a t i o n  l e v e l s  a re  down i n  rank w i t h  the  
forward cab in  l o c a t i o n  g a i n i n g  s l i g h t l y .  Average l e v e l s  i n  these t w o  octaves 
a re  97.2 and 94.2 dB f o r  2Khz and 4Khz, r e s p e c t i v e l y .  
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Measurements performed d u r i n g  hover a re  shown i n  F igures  D50 through D53. The 
cab in  average sound pressure l e v e l s  measured were 99.4 dB SIL-4 (see F igu re -  
D53). The p o r t  a f t  sea t  has t h e  h ighes t  SIL-4 va lue w h i l e  t h e  p o r t  mid seat  
shows h ighe r  500 hz and 1 Khz l e v e l s ,  and 1 dB l e s s  on t h e  SIL-4. The a f t  and 
mid rows show t h e  dominance i n  l e v e l  (see F igures  D50 and 0 5 l ) ,  much l i k e  t h e  
forward f l i g h t  data,  except w i t h  t h e  p o r t  a f t  and mid, ad jacent  seats,  t h e  t w o  
h ighes t  l o c a t i o n s .  The fo rward  seat  1 oca t ions  represent  t h e  1 owest measure- 
ments made i n  hover (see F igu re  D52), w i t h  t h e  p o r t  fo rward  lowest  a t  95.3 dB. 
The 1 Khz octave l e v e l  measured a t  t h e  p o r t  mid l o c a t i o n  was 112.1 dB, 6 dB 
g r e a t e r  than t h e  cab in  average and h ighes t  o f  e i t h e r  f l i g h t  cond i t i on .  The 
nex t  h ighes t  1 Khz octave was measured a t  t h e  p o r t  a f t  l o c a t i o n ,  a t  108.9 dB 
and t h e  remain ing a f t  and mid l o c a t i o n s  rang ing  down t o  105.8 dB. The fo rward  
l o c a t i o n s  show l k h z  octave l e v e l s  f rom 102.6 t o  101.7, s ta rboard  fo rward  and 
p o r t  forward, r e s p e c t i v e l y .  

I n  t h e  500 hz octave. t h e  cab in  averaae i s  98.5 dB. w i t h  t h e  D o r t  mid l o c a t i o n  
7 . 1  dB above t h i s  and t h e  p o r t  f o r w i r d  3.9 dB below. 
octaves have 97.9 and 95.2 dB cab in  averages respec t i ve  
a f t  as t h e  h i g h e s t  a t  103.8 and 101.2 dB, and t h e  p o r t  
93.5 and 91.4 dB r e s p e c t i v e l y .  

F igu re  D54 shows t h e  comparison between hover and 75 m/s 
s i m i l a r  i n  l e v e l  a t  a l l  f requencies.  Th is  i s  i n t e r e s t  

The ' 2  Khz and 4 Khz 
y. Both have t h e  p o r t  
fo rward  t h e  lowest  a t  

f l i g h t  da ta  t o  be very  
nq because t h e  horse- - 

power r e q u i r e d  f o r  t h e  two c o n d i t i o n s  a re  n e a r l y  t h e  same. F igu re  D55 con ta ins  
t h e  narrowband acous t i c  spec t ra  under t y p i c a l  f l i g h t  c o n d i t i o n s  f o r  a bare 
a i r c r a f t .  The obvious pure  tone c o n t r i b u t i o n s  f r o m  main gearbox gear c l a s h  a re  
present  and one a l s o  n o t i c e s  a decrease i n  l e v e l  f u r t h e r  f rom t h e  dominant 
source. 
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I n t r o d u c t i o n  

The i n f o r m a t i o n  p rov ided  i n  t h i s  appendix i s  comprised o f  ground and f l i g h t  
t e s t  comparison o f  measured v i b r a t i o n  and no ise  on an S-76 and p r e d i c t e d  
v i b r a t i o n  and no ise  us ing  t h e  SEA method. These r e s u l t s  p rov ide  v a l i d a t i o n  o f  
t h i s  method and i t s  a p p l i c a t i o n  t o  a r o t o r c r a f t  s t r u c t u r e .  Ground t e s t  mea- 
surements o f  subsystem response t o  v i b r a t o r y  e x c i t a t i o n  a re  compared t o  p r e d i c -  
t i o n s  and r e s u l t s  a re  discussed, and a b r i e f  s t a t i s t i c a l  analyses i s  p rov ided.  
F l i g h t  t e s t  comparisons o f  cab in  sound pressure  i s  presented as w e l l  as t h e  
method o f  i n p u t  v i b r a t o r y  source power de te rm ina t ion  f o r  t h e  f l i g h t  c o n d i t i o n .  

Ground Tes t  Measurements 

The ex tens i ve  combinat ions o f  ground t e s t  measurements descr ibed i n  Appendixes 
C and 0 w i l l  be compared w i t h  SEA p r e d i c t i o n s .  The SEA p r e d i c t i o n s  s t a r t  w i t h  
an i n p u t  power i n t o  e i t h e r  t h e  combined in -p lane mot ion o r  t h e  ou t -o f -p lane 
mot ion a t  LF14, t h e  main gearbox support .  Due t o  t he  s t r u c t u r a l  geometry, i t  
i s  very  d i f f i c u l t  t o  e x c i t e  t h e  s t r u c t u r e  p u r e l y  i n  one o f  these a n a l y t i c  
i npu ts .  One would thus  expect  some d i f f e r e n c e s  between measured and p r e d i c t e d  
Val ues. 

V i b r a t i o n  t r a n s f e r  f u n c t i o n s .  - The comparison o f  measured ground t e s t  da ta  
w i t h  SEA p r e d i c t i o n s  i s  shown i n  F igures  E l  th rough E31. These da ta  represent  
t h e  m a j o r i t y  o f  t h e  v a l i d a t i o n  i n f o r m a t i o n  impor tan t  t o  t h e  a p p l i c a t i o n  o f  t h e  
SEA method t o  r o t o r c r a f t  s t r u c t u r e  and t h e  accuracy t h a t  can be expected. As 
mentioned i n  p rev ious  sec t i ons ,  t h e  p r e d i c t i o n s  f o r  u n i t y  i n p u t  a re  sca led  t o  
t h e  measurement by ze ro ing  t h e  average d i f f e r e n c e  between t h e  measured and 
p r e d i c t e d  l e v e l s  f o r  f o u r  near source subsystems, f o r  each octave. 

The l e f t  f r o n t  v e r t i c a l  e x c i t a t i o n  p o s i t i o n  (FALV) comparisons a re  shown i n  
F igures  E l  through E8. These da ta  show g e n e r a l l y  good agreement i n  a l l  cases 
except p o s s i b l y  t h e  h i g h  frequency (4kHz) octave, which tends t o  be overpre- 
d i c ted .  F igu re  E l  shows comparison o f  v e r t i c a l  frame response l e v e l s ,  and 
i n d i c a t e s  d i f f e r e n c e s  o f  5 dB max a t  500 Hz, 2 and 4 dB up t o  CPM a t  l k  and 
Zkhz, and 6 dB a t  4khz. The CPM l e v e l s  a r e  underpred ic ted  by 18 dB a t  l k h z  and 
2khz. Th is  subsystem i s  o f  composite c o n s t r u c t i o n ,  as i s  t h e  e n t i r e  c o c k p i t  
ou te r  s t r u c t u r e ,  and connects t o  t h e  l o n g i t u d i n a l  frame through P P ~ w L ,  a 
subsystem w i t h  quest ions assoc ia ted  w i t h  i t s  model i ng (see Appendix F) .  F igu re  
E2 shows t h e  r i g h t  s i d e  v e r t i c a l ' f r a m e  response f r o m  FALV t o  be very  s i m i l a r  i n  
measurements and p r e d i c t i o n s ,  w i t h  lower  l e v e l s  as i t  i s  oppos i te  f rom the  
source s ide.  Here, i n  t h e  2k and 4k octaves, t h e  tendency t o  o v e r p r e d i c t  i s  
apparent, a t  a l l  b u t  t h e  c o c k p i t  subystems, w e l l  downstream o f  t h e  source. 
Note t h e  CPM i ssue  i s  apparent here a l so .  
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F igu re  E3 shows t h e  l e f t  s i d e  overhead panel comparisons, which i n c l u d e  t h e  
r e a r  bulkhead and w indsh ie lds  f o r  comparison. These two subsystems, be ing  ve ry  
near and f a r  f rom t h e  source r e s p e c t i v e l y ,  p rov ide  t h e  g r e a t e s t  d i f f e r e n c e  
between measured and p r e d i c t e d  l e v e l s  w i t h  12 dB f o r  RB a t  500 hz and -12 dB 
f o r  FWL a t  4000 hz. I n  genera l ,  however, these da ta  show good agreement i n  a l l  
f o u r  octaves. The 500 
hz and l k h z  octaves show good agreement f o r  a l l  panels  measured, w h i l e  t h e  2k 
and 4khz shows tendency t o  o v e r p r e d i c t  by an average o f  7 dB i n  a l l  subsystems 
except OP14D. P r e d i c t i o n s  f o r  OP14D a re  c o n s i s t e n t l y  lower  than measurements 
by an average o f  10 dB across these f o u r  octaves. F igures  E5 d i s p l a y s  t h e  
r i g h t  s i d e  overhead panel response t o  FALV e x c i t a t i o n .  Comparisons f o r  500 hz 
match p r e d i c t i o n s  w e l l  w i t h  RB an except ion.  General t rends  i n  l k ,  Zk, and 
4khz a re  preserved, w i t h  t h e  d i f f e r e n c e s  i nc reas ing  w i t h  i n c r e a s i n g  frequency. 
The o v e r p r e d i c t i o n  i s  ev iden t  i n  2k and 4k, w i t h  4k an average o f  10 dB over-  
p red ic ted .  F igu re  E6 shows t h e  panels  between cross frames 5 and 6, go ing  l e f t  
t o  r i g h t  up, across and down t h e  a i r f rame.  For these subsystems, t h e  average 
p r e d i c t i o n s  minus measurement d e l t a  increases w i t h  i n c r e a s i n g  frequency. The 
t r e n d  o f  these da ta  i s  h ighe r  response l e v e l s  on t h e  l e f t  and cen te r  than r i g h t  
s ide.  A t  h i g h  f requenc ies ,  a tendency t o  o v e r p r e d i c t  t h e  r i g h t  s i d e  panel and 
overhead panel becomes apparent. F igure  E7 shows t h e  c o c k p i t  overhead panels  
l e f t  t o  r i g h t .  The measured vs. p r e d i c t e d  comparison, i s  q u i t e  reasonable 
cons ide r ing  t h e  f a c t  t h a t  these subsystems a re  a t  a s u b s t a n t i a l  d i s tance  f r o m  
t h e  source. The maximum d e v i a t i o n  occurs i n  t h e  4000 hz octave a t  OP67M, which 
i s  11 dB overpred ic ted .  The remain ing p r e d i c t i o n s  a re  w i t h i n  5 dB o f  measure- 
ments. F igu re  E8 shows t h e  v a r i a t i o n  i n  l e v e l s  a t  panels  c lockwise  around t h e  
a i r c r a f t ,  f r o m  t h e  r i g h t  w indsh ie ld  (FWR) t o  t h e  r i g h t  s ide  panels ,  t h e  r e a r  
bulkhead, t h e  l e f t  s i de  panels  and l e f t  w indsh ie ld .  Al though some over  and 
under p r e d i c t i o n  occurs,  t h e  general  t rends  a re  i n  agreement. 

The l e f t  f r o n t  1 a t e r a l  e x c i t a t i o n  (FAL Lat )  t r a n s f e r  f u n c t i o n  comparisons are  
shown i n .  F igures  E9 through E14. The lower response l e v e l s  assoc ia ted  w i t h  
t h i s  e x c i t a t i o n  a r e  accounted f o r  by t h e  near-sou'rce s c a l i n g  o f  t h e  SEA pre-  
d i c t i o n s  w i t h  measurements. F igure  E9 shows t h e  r e s u l t s  f o r  t h e  l e f t  s i d e  

' l o n g i t u d i n a l  frames i n  t h e  v e r t i c a l  o r  ou t -o f -p lane d i r e c t i o n .  The d e l t a  
between p r e d i c t i o n s  and measurements decreases w i t h  i n c r e a s i n g  frequency. 
A1 though t h e  LF67 and CPM l e v e l s  a re  underpredi  c ted,  t h e  remain ing subsystems 
a re  p r e d i c t e d  very  w e l l ,  e s p e c i a l l y  a t  t he  h ighe r  f requencies.  The i n p u t  i n t o  
ttfe SEA model f o r  t h i s  e x c i t a t i o n  i s  power i n t o  t h e  in -p lane subsystem o f  
tF14L. 

F igu re  E4 shows t h e  cen te r  overhead panel comparisons. 

F igu re  E10 shows t h a t  p r e d i c t i o n s  compare favo rab ly  w i t h  measurements' f o r  t h e  
l e f t  s i de  overhead panels  a t  f requencies above 500 hz. The 500 hz octave shows 
i n c o n s i s t e n t  RB and OP34L p r e d i c t i o n s ,  as the  SEA model p r e d i c t s  a smooth 
response curve f o r  ad jacent  subsystems w i t h  a decrease i n  1 eve1 w i t h  d i s tance  
from t h e  source. F igu re  E l l  shows t h e  cen te r  overhead panels  a re  underpre- 
d i c t e d  a t  500 hz, b u t  g r a d u a l l y  move towards o v e r p r e d i c t i o n  w i t h  i n c r e a s i n g  
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FAL VERTICAL EXCITATION-500 hz OCTAVE 
MEPSURED PREDICTED 

LF14L W45L LF56L LF87L CPM 
AFT TO FORWARD LONOITUDINAL FIWMES,LEFr SIDE 

Measured vs. Predicted Overhead Frame Vibration, Left Side, FAL 
Vertical Excitation, .5 kHz 

FAL VERTICAL EXCITATION-1 000 hz OCTAVE 
MEASURED PREDICTED 

------- 
B 

LF14L LF45L LF56L LF87L CPM 
AFT TO FORWARD LONGITUDINAL FRAMEs,LEFT SIDE 

Measured vs. Predicted Overhead Frame Vibration, Left Side, FAL 
Vertical Excitation, 1 kHz 
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Figure  E5b. Measured vs. P red ic ted  Overhead Panel V i b r a t i o n ,  R igh t  Side, FAL 
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The RAR l a t e r a l  i n p u t  comparisons a re  shown i n  F igures  E19 th rough E22. The 
l e f t  s i de  l o n g i t u d i n a l  frame r e s u l t s  a r e  shown i n  F igu re  E19. The SEA model 
p r e d i c t s  more d r o p o f f  i n  l e v e l  w i t h  d i s tance  than measurements i n d i c a t e  i n  
genera l .  A t  500 hz t h e  p r e d i c t i o n s  a r e  l o w e r  than measurements f o r  a l l  b u t  
LF56L, w h i l e  t h e  h ighe r  f requency octaves show a crossover  where t h e  p r e d i c -  
t i o n s  go f rom over t o  underpred ic t ion .  The crossover  p o i n t  moves fo rward  w i t h  

f requency, w i t h  OP14D t h e  except ion.  The c o n s t r u c t i o n  o f  t h i s  subsystem i s  
l i g h t w e i g h t  aluminum w i t h  some s t i f f e n i n g  ang le  and beads, b u t  remains f a i r l y  
f l e x i b l e .  A panel such as t h i s  may r e q u i r e  more than t h e  t h r e e  p o i n t  measure- 
ments (see F igu re  C9) spread o u t  s p a c i a l l y  t o  approximate t h e  response l e v e l  
p r e d i c t e d  by t h e  SEA method. 

F igu re  E12, t h e  r i g h t  s i d e  overhead, shows t r e n d i n g  s i m i l a r  t o  F igu re  E l l  as 
t h e  d e l t a  between t h e  measured da ta  and t h e  p r e d i c t i o n s  s t a r t s  o f f  p o s i t i v e  
(underp red ic t i on )  and becomes negat ive  w i t h  i n c r e a s i n g  frequency. The lower  
frequency octaves aga in  show measurement v a r i a t i o n  between subsystems, w i t h  t h e  
p r e d i c t i o n s  remain ing smooth. F igu re  E13 shows t h e  panels  between c ross  frames 
5 and 6, and revea ls  t h a t  t h e  s i d e  panel  SP56L i s  underpredic ted by 25 dE a t  
500 hz, b u t  s t e a d i l y  improves w i t h  i n c r e a s i n g  frequency. The t h r e e  overhead 
panels  shown compare w e l l  except  f o r  OP56M a t  4000 hz, which p r e d i c t s  h i g h  by 
approx imate ly  8 dB. F igu re  E14 shows t h e  s i d e  panels  and windows around t h e  
a i r c r a f t ,  which shows some i n t e r e s t i n g  r e s u l t s .  A t  500 hz, t he  a f t  s i d e  panels  
a re  underpredic ted.  On t h e  average, 19 dB i s  t h e  d i f f e r e n c e  f o r  t h i s  octave. 
As f r e q u e n t l y  increases,  r e s u l t s  improve d r a m a t i c a l l y  w i t h  8 dE average d e l t a  
a t  1000 hz and w indsh ie ld  p r e d i c t i o n s  t h a t  match measurement w e l l .  The 2000 
and 4000 hz octaves show good r e s u l t s .  Note t h e  decrease i n  measured l e v e l s  
w i t h  i n c r e a s i n g  frequency shows up s l i g h t l y  i n  t h e  h ighe r  f requency p r e d i c -  
t i o n s ,  and t h e  t rends  a re  p r e d i c t e d  very  w e l l .  

The r i g h t  r e a r  v e r t i c a l  (RARV) e x c i t a t i o n  comparisons a re  shown i n  F igures  E15 
through E18. The r e s u l t s  f o r  t h e  l e f t  s i d e  l o n g i t u d i n a l  frames a re  shown i n  
F igu re  E15. The p r e d i c t i o n s  f o l l o w  measurements w e l l  w i t h  CPM a t  1000 hz and 
t h e  r e a r  frames, LF14 and LF56 a t  4000 hz showing some discrepancy. F igu re  
E16, overhead panels  l e f t  s i de ,  show t h e  500 and 1000 hz t o  agree w e l l ,  w i t h  RB 
t h e  except ion.  The h ighe r  f requenc ies  tend  towards overpred i  c t i  on fo rward  o f  
OP23 w i t h  12 dB a t  FWL t h e  h i g h e s t  d e l t a .  F igu re  E17 sh.ows t h e  cen te r  overhead 
panels ,  ,which show decent r e s u l t s  a t  l o w  f requency b u t  aga in  tend  toward 
o v e r p r e d i c t i o n  a t  2000 and 4000 hz. OP14D stands o u t  w i t h  underpred ic ted  
l e v e l s  a t  500 and 1000 hz b u t  l e v e l s  t h a t  match b e t t e r  a t  h ighe r  f requency 
where o t h e r  subsystems a re  overpred ic ted .  F igu re  E18 shows t h e  source s i d e  
overhead panel r e s u l t s  f o r  RAR v e r t i c a l  e x c i t a t i o n .  Measurements and p r e d i c -  
t i o n s  compare w e l l  i n  genera l ,  w i t h  RE underpred ic ted  i n  t h e  500 and 1000 hz 
octaves. The 2000 hz octave agrees w e l l ,  w i t h  OP56R and FWR ove rp red ic ted  by 
lo' and 12 dB. A t  4000 hz, t h e  near-source subsystems a r e  underpredic ted,  w h i l e  
t h e  subsystems forward o f  OP23R a re  overpred ic ted .  I n  genera l ,  t h e  t rends  a re  
i n  good agreement. 
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i n c reas ing  frequency, i n d i c a t i n g  b e t t e r  fo rward  p r e d i c t i o n s  b u t  d i m i n i s h i n g  
r e s u l t s  f o r  t h e  r e a r  subsystems. F igure  E20 shows l e f t  s i de  overhead panel  
r e s u l t s  t h a t  a re  e x c e l l e n t  a t  500 hz b u t  d i m i n i s h  as f requency increases,  
toward o v e r p r e d i c t i o n  i n  a l l  subsystems i n  t h e  4000 hz octave by 7 dB on t h e  
average. The cen te r  overhead panels,  F igure  E21, again shows b e s t  r e s u l t s  a t  
500 and 1000 hz, w i t h  a t r e n d  towards o v e r p r e d i c t i o n  w i t h  i n c r e a s i n g  frequency, 
w i t h  a 10 dB average o v e r p r e d i c t i o n  a t  4000 hz. F igu re  E22 shows t h e  r e s u l t s  
f o r  t h e  r i g h t  s i d e  overhead panels.  The p r e d i c t i o n s  f o l l o w  t h e  measurements 
w e l l  i n  genera l ,  w i t h  some o v e r p r e d i c t i o q a t  t h e  more fo rward  subsystems i n  t h e  
l K ,  2K, and 4K octaves. 

The RAR l o n g i t u d i n a l  e x c i t a t i o n  r e s u l t s  a re  shown i n  F igures  E23 through E25. 
F igu re  E23 shows t h e  l e f t  s i d e  overhead panels.  The 500 hz octave shows some 
o v e r p r e d i c t i o n  i n  t h e  r e a r  and underp red ic t i on  i n  OP67L and FWL. The l k  octave 
shows o v e r p r e d i c t i o n  i n  a l l  b u t  RB and OP67 and FWL by an average o f  6 dB. 
2000 hz shows o v e r p r e d i c t i o n  i n  a l l  subsystems, by 5 dB average, and 4 khz 
shows OP56 and OP67 t o  be underpred ic ted  by 5 dB i n  t h e  m ids t  o f  overpred ic -  
t i o n s  a t  t h a t  octave. These p r e d i c t i o n s ,  i n  genera l ,  f o l l o w  t h e  measurements 
w e l l .  F igu re  E24, cen te r  overhead panels ,  show f a i r  r e s u l t s  a t  h ighe r  f requen- 
c ies .  The 500 hz octave shows OP14D and OP67M underpred ic ted  by 16 and 19 dB 
r e s p e c t i v e l y .  The 1000 and 2000 hz octaves shows a maximum d e v i a t i o n  o f  12 dB. 
The 4000 hz octave compares w e l l ,  w i t h  6 dB o v e r p r e d i c t i o n  a t  OP56M t h e  h ighes t  
d e v i a t i o n .  F igu re  E25 shows b e t t e r  than average r e s u l t s  f o r  t h e  r i g h t  s i d e  
overhead panel s w i t h  RAR 1 ongi  t u d i  na l  e x c i t a t i o n .  

The narrow band spectrum of cab in  no ise  l e v e l  f o r  t h e  S-76[1], shows prominent 
tones assoc ia ted  w i t h  t h e  hyd rau l i cs  system. Hydrau l i cs  no ise  i s  generated a t  
t h e  pump and t r a n s m i t s  down t h e  hyd rau l i cs  l i n e s  as pressure  f l u c t u a t i o n s  i n  
t h e  h y d r a u l i c s  f l u i d .  The hyd rau l i cs  l i n e s  a re  supported d i r e c t l y  f rom t h e  
s k i n  panels  and frames o f  t h e  cab in  overhead a t  0.5m i n t e r v a l s  and a re  there-  
f o r e  a p o t e n t i a l l y  impor tan t  pa th  f r o m  t h e  pump, which i s  mounted on t h e  
gearbox, t o  t h e  panel sur faces t h a t  r a d i a t e  i n t o  t h e  cabin.  The a l t e r n a t i v e  
p a t h  i s  through t h e  gearbox cas ing  and o u t  i n t o  t h e  a i r f rame through t h e  
gearbox at tachment l o c a t i o n s .  

Dur ing  t h e  ground t e s t ,  measurements were taken w i t h  t h e  shaker p o s i t i o n e d  a t  
two o f  t h e  suppor t  l o c a t i o n s  f o r  t h e  h y d r a u l i c s  l i n e s  (see F igu re  C9). One 
l 6 c a t i o n  was on overhead s k i n  panel OP56L and t h e  o t h e r  was on frame s e c t i o n  
LF45L, w i t h  t h e  shaker o r i e n t e d  t o  e x c i t e  ou t -o f -p lane bending. V i b r a t i o n  
t r a n s f e r  f u n c t i o n s  were measured a t  d i f f e r e n t  loc 'a t ions on t h e  a i r f r a m e  r e l a -  
t i v e  t o  t h e  l e v e l s  a t  t h e  shaker l o c a t i o n .  

P r e d i c t i o n s  were generated us ing  t h e  SEA model w i t h  t h e  power i n p u t  t o  t h e  
e x c i t e d  subsystems, OP56L o r  LF45L. The p r e d i c t e d  l e v e l s  were' sca led  as 
be fore .  Sca l i ng  o f  t h e  t r a n s f e r  f u n c t i o n s  f o r  t he  panel e x c i t a t i o n  l o c a t i o n  
OP56L was accomplished by us ing  o n l y  t h e  response l e v e l s  f o r  t h i s  subsystem. 
Out-of-plane bending l e v e l s  f o r  frame subsystem LF45L and response l e v e l s  f o r  
ad jacent  panel subsystems OP45L and OPY5M, f o r  which measured da ta  e x i s t e d ,  
were used f o r  t h e  s c a l i n g  o f  p r e d i c t e d  l e v e l s  f o r  t h e  frame e x c i t a t i o n  case. 
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F igure  E23c. Measured vs. Pred ic ted  Overhead Panel V i b r a t i o n ,  L e f t  Side, RAR 
Long i tud ina l  E x c i t a t i o n ,  2 kHz 
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F igure  E23d. Measured vs. P red ic ted  Overhead Panel V i  b r a t i o n ,  L e f t  Side, RAR 
Long i tud ina l  E x c i t a t i o n ,  4 kHz 
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RAR LONGITUDINAL EXCITATION-500 hz OCTAVE 
MEASURED PREDICTED 
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Figure  E24a. Measured vs.  Pred ic ted  Overhead Panel V i b r a t i o n ,  Middle,  RAR 
Long i tud ina l  E x c i t a t i o n ,  .5 kHz 
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Figure  E24b. Measured vs. Pred ic ted  Overhead Panel V i b r a t i o n ,  Middle,  RAR 
Long i tud ina l  E x c i t a t i o n ,  1 kHz 
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RAR LONGITUDINAL EXCITATION-2000 hz OCTAVE 
MUSURED PREDICTED 

30 

lo t 

-30 

-40 

----- 

-50 
OPT 4D OWSM OP56M OP67M 

AFT TO FORWARD PANELS.CENTER 

Figure E24c. Measured vs. Predicted Overhead Panel Vibration, Middle, RAR 
Longitudinal Excitation, 2 kHz 
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Figure E24d. Measured vs. Predicted Overhead Panel Vibration, Middle, RAR 
Longitudinal Excitation, 4 kHz 
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RAR LONGITUDINAL EXCITATION-500 hz OCTAVE 
MEASURED PREDICTED 
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RAR LONGITUDINAL EXCITATION-2000 hz OCTAVE 
MEASURED PREDICTED 
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Figure E25d. Measured vs .  Predicted Overhead Panel Vibration, Right Side, RAR 
Longitudinal Excitation, 4 kHz 
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Hydrau l i c  system attachment l o c a t i o n s  comparisons a re  shown i n  F igures  E26 
through E31. The h y d r a u l i c s  panel e x c i t a t i o n  i n  F igures  E29 through E31. 
F igure  E26 shows good c o r r e l a t i o n  between p r e d i c t i o n s  and measurements f o r  some 
l e f t  and midd le  overhead frames. CPM shows underp red ic t i on  a t  500 and 1000 hz 
and LF14L shows o v e r p r e d i c t i o n  a t  2000 and 4000 hz by 9 and 11 dB. F igu re  E27 
shows t h e  l e f t  s i d e  overhead panels.  The p r e d i c t i o n s  here f o l l o w  t h e  genera l  
measured t rends ,  b u t  p r e d i c t  a smoother d i s t r i b u t i o n  o f  l e v e l  w i t h  p o s i t i o n  
than t h e  measured da ta  shows. Tendency i s  f o r  o v e r p r e d i c t i o n  a t  t h e  h i g h  
frequency octaves. F igu re  E28 shows t h e  r i g h t  s ide  overhead panels,  which tend  
t o  be ove rp red ic ted  i n  more subsystems w i t h  h ighe r  frequency. The subsystems 
ad jacent  t o  t h e  source and t h e  RB a re  underpred ic ted  a t  500, 1000 and 2000 hz. 

The h y d r a u l i c s  panel e x c i t a t i o n  r e s u l t s  f o r  some l e f t  and midd le  overhead 
frames i s  shown i n  F igu re  E29. The 500, 1000, and 2000 hz octaves show under- 
p r e d i c t i o n  by 7, 8, and 10 dB on average, r e s p e c t i v e l y .  The 4000 hz octave,  
however, shows good agreement w i t h  8 dB max v a r i a t i o n  and no over  o r  under- 
p r e d i c t i o n .  F igu re  E30 shows l e f t  s i d e  overhead panel measurements t h a t  show 
excel  l e n t  c o r r e l a t i o n  w i t h  p r e d i c t i o n s ,  w i t h  no tendency f o r  over  o r  underpre- 
d i c t i o n .  F igu re  E31 shows t h e  r i g h t  s ide  overhead panels  t o  be p r e d i c t e d  w e l l  
a t  500 and 1000 hz, b u t  some d iscrepancy shows a t  2000 hz i n  subsystems adja-  
cen t  t o  t h e  source and a t  4000 hz i n  d i s t a n t  subsystems. 

Ground t e s t  s t a t i s t i c s .  - A s t a t i s t i c a l  breakdown o f  t h e  measurement minus 
p r e d i c t i o n s  d e l t a s  f o r  each e x c i t a t i o n ,  f requency and subsystem group a re  shown 
i n  Table E l  and F igures  E32 t o  E37. These f i g u r e s  show mean and sample stand- 
a r d  d e v i a t i o n  o f  t h e  d i f f e r e n c e  between t h e  measurements and p r e d i c t i o n s  f o r  
these groups, as w e l l  as t h e  number o f  comparison p o i n t s  f o r  each group. The 
o v e r a l l  da ta  represents  t h e  e n t i r e  measured vs. p r e d i c t e d  group f o r  each 
e x c i t a t i o n ,  w h i l e  t h e  OP1-4 group con ta ins  a l l  overhead and s ide  panels  up t o  
cross frame 5. The l a t t e r  group represents  t h e  panels  ad jacent  t o  t h e  a f t  and 
mid r o w .  s e a t i n g  l o c a t i o n s ,  which a re  h ighes t  i n  measured i n - f l i g h t  sound 
pressure l e v e l .  The i n - f l i g h t  p r e d i c t i o n s  a l s o  show t h i s  group t o  c o n t a i n  t h e  
major c o n t r i b u t o r s  t o  cab in  i n p u t  power f l o w  (see Appendix E) .  The remain ing 
groups, OP5-7 and LF, represent  t h e  fo rward  cab in  and c o c k p i t  overhead and s ide  
panels ,  and t h e  overhead cab in  1 ongi  t u d i  na l  frames, r e s p e c t i v e l y .  

J 
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TABLE E l .  GROUND TEST STATISTICS 

f 

FA LV 
Overall 
OP1-4 
OP5-7 
LF 

FAL Lat 
Overall 
OP1-4 
OP5-7 
LF 

RARV 
Overall 
OP1-4 
OP5-7 
LF 

RAR Lat 
Overall 
OP1-4 
OP5-7 
LF 

RAR Long' 
Overall 
OP1-4 
OP5-7 
LF 

- 500 - 1000 - 2000 - 4000 
X S X S X S X S 

0.7 5.2 -0.9 5.9 -2.9 6.4 - 6 . 1  5.9 
1.8 4.8 -0.7 5.0 -2.3 5.9 -5.3 6.7 

-0.6 6.5 -4.9 3.8 -6.7 2.7 -8.7 4.4 
2.9 3.3 0.2 1.9 -3.6 2.5 -5.5 5.0 

7.7 6.3 0.9 6.7 -1.2 5.6 -2.5 5.8 
4.5 7.0 1.0 4.4 -2.0 4.2 -3.3 4.5 
8.1 3.2 -1.4 3 . 1  -2.7 2.7 -4.9 3.5 
7.9 5.0 -1.6 4.2 -1.5 4.3 - 2 . 1  4.6 

1.0 5.0 -0.3 6.8 -4.3 5.8 -4.2 6.7 
0.3 5 . 1  -0.4 6.2 -3.0 5.4 -2.4 7.4 

-1.6 2.9 -4.7 3.6 -9.6 3.2 -8.3 3.2 
2.7 3 . 1  0.3 3 . 1  -3.5 2.3 -5.9 4.3 

4.2 5.6 -3.0 7.7 -5.6 7.2 -7.2 6.9 
2 . 1  5.8 -3.8 7.6 -4.9 8.8 -5.6 8.4 
3.8 3 .1  - 5 . 1  3.7 -8.3 2.6 -10.2 3.6 
6 . 1  5.7 -4.2 5.9 -7.2 5 . 1  -8.8 6.4 

3.5 8.0 -1.4 8.1 -4.2 6.4 -3.0 6.7 
-1.8 5.6 -4.4 6 . 1  -5.4 6.4 -4.4 8 .1  

6.2 6.8 -1.2 5.9 -4.7 3.7 -2.8 '  4.3 
3.9 6.8 -2.9 7.7 - 3 . 9  6.7 -2 .8  8 . 3  

n 

32 
13 
10 

7 

28 
10 
8 
6 

28 
12 
8 
6 

28 
12 
8 
6 

28 
10 
8 
6 

Hyd Frame 
' Overall -2.6 7.8 -3.0 6 . 1  -1.5 5.8 -5.7 5.6 16 

Hyd Panel 
Overall 2.8 4.9 2.3 5.0 6.4 5.4 -1.2 5.6 16 

183 



5a 

40 

30 

20 

10 

0 

-10 

-20 

-30. 

-40 

-50 

Figure E26a. 

HYD ATTACH EXClT FRAME LOCATION 500 hz OCTAVE 
MEASURED PREDICTED 

i 
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Measured vs. Predicted Frame Out-of-Plane Vibration, Hydraulics 
Frame Attachment Excitation, .5 kHz 

HYD ATTACH EXCIT FRAME LOCATION 1 khz OCTAVE 
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Figure E26b. Measured vs. Predicted Frame Out-of-Plane Vibration, Hydraulics 
Frame Attachment Excitation, 1 kHz 
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HYD ATTACH EXCIT FRAME LOCATION 2 khz OCTAVE 
MEASURED PREDICTED 
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Figure E26c. Measured vs. Predicted Frame Out-of-Plane Vibration, Hydraulics 
Frame Attachment Excitation, 2 kHz 
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Figure E26d. Measured vs. Predicted Frame Out-of-Plane Vibration, Hydraulics 
Frame Attachment Excitation, 4 kHz 
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HYD ATTACH EXCIT FRAME LOCATION-500 hz OCTAVE 
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HYD ATTACH EXCIT FRAME LOCATION -500 hz OCfAVE 
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Figure  E28a. Measured vs. P r e d i c t e d  Overhead Panel V i  b r a t i o n ,  
Hydraul i cs Frame Attachment E x c i t a t i o n ,  .5 kHz 
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R i g h t  S ide ,  

R i g h t  Side, 

188 



- . _  

HYD ATTACH EXCIT FRAME LOCATION 2 khz OCTAVE 
MEASURED PREDICTED 

40  

30 

20 

10 

“i 20 

- 
- 
- 
- 

10 

0 

-10 

-20 

-30 

-40 

-50 

< 

-30 t 

- 
- 
- 

-50 I 
RB OP12 OP23 OP34 OP45 OP56 OP67 FWR 

AFT TO FORWARD PANELSRIGHT SIDE 
Figure  E28c. Measured vs. Pred ic ted  Overhead Panel V i  b r a t i o n ,  

Hydrau l i cs  Frame Attachment E x c i t a t i o n ,  2 kHz 

HYD ATTACH EXClT FRAME LOCATION 4 khz OCTAVE 

R i g h t  Side, 

MEASURED PREDICTED 

Right  Side, 

189 



-40 

-50 

- 

40- 

30- 

20 

10 

- 
- 

-30 

-40 

-50 

- 
- 

HYD ATTACH EXCIT PANEL LOCATION 500 hz OCTAVE 
MEASURED PREDICTED 

lo t 
01 I I 

I 
I 

I 
I 

I 
I 

dB 
50 

-,It-- -20 /+--- 

190 



-- . - 
HYD ATTACH EXClT PANEL LOCATION 2 khz OCTAVE 

MEASURED PREDICTED 

-30 

-40 

-50 

dB 
50 

- . 
- 

dB 
I 

-50 -- I LF14L LF45L CF6M CPM 

AFT TO FORWARD FRWES OUT OF PLANE 
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Figure  E30b. Measured vs. P red ic ted  Overhead Panel V i b r a t i o n ,  L e f t  Side, 
Hydrau l i cs  Panel Attachment E x c i t a t i o n ,  1 kHz 

192 



HYD ATTACH EXCIT PANEL LOCATION -2 khz OCTAVE- 
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Figure  E31b. Measured vs. P red ic ted  Overhead Pane? V i b r a t i o n ,  R igh t  Side, 
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The o v e r a l l  average d e l t a  (de l ta -ba r )  f i g u r e s  range from +7.7 dB a t  500 Hz f o r  
FAL l a t e r a l  e x c i t a t i o n  t o  -7.2 dB a t  4000 hz f o r  RAR l a t e r a l .  The d e l t a - b a r  
values decrease w i t h  i n c r e a s i n g  frequency, w i t h  t h e  f i v e  500 Hz va lues p o s i t i v e  
(underp red ic t i on )  and a l l  b u t  one o f  t h e  va lues from t h e  remain ing t h r e e  
octaves i n a1 1 f i v e  e x c i t a t i o n s  negat ive  (overpred i  c t i  on). The 1000 Hs octave 
appears t h e  b e s t  p r e d i c t e d ,  w i t h  -3  dB t h e  maximum de l ta -ba r  f o r  RAL l a t e r a l  
e x c i t a t i o n ,  and t h r e e  o f  t h e  f i v e  e x c i t a t i o n s  hav ing l ess  than 1 dB average 
absol Ute d e l t a .  The corresponding s tandard d e v i a t i o n s  f o r  t h i s  octave a r e  
between 5.9 and 8 .1  dB f o r  FAL v e r t i c a l  and RAR l o n g i t u d i n a l ,  r e s p e c t i v e l y .  
Examination o f  t h i s  da ta  shows t h a t  a f e w  subsystems c o n t r i b u t e  g r e a t l y  t o  t h i s  
d e v i a t i o n  f o r  each e x c i t a t i o n .  The subsystems c o n t r o l  1 i n g  t h e  FALV d e v i a t i o n  
are  CPM,RB, and OP14D,FAL l a t e r a l  i n p u t  by CPM and OP14D,RAR v e r t i c a l  by RB, 
RAR l a t e r a l  by  CPM,OP12R, and SP14L, and t h e  RAR l o n g i t u d i n a l  by SP14L. I n  
each case, t h e  subsystems de t r imen ta l  t o  t h e  s tandard d e v i a t i o n  f o r  t h e  e x c i t a -  
t i o n  a re  e i t h e r  on t h e  s i d e  opposi te ,  o r  f a r  downstream o f  t h e  source i n  
phys i ca l  l o c a t i o n .  Except ions a r e  OP14D, OP12R and RB, which a re  i n  c l o s e  
p r o x i m i t y  t o  each source l o c a t i o n  b u t  remain p o o r l y  p red ic ted .  The l i g h t w e i g h t  
c o n s t r u c t i o n  o f  these subsystems compared t o  t h e  r e l a t i v e l y  s t i f f e r  frames and 
honeycomb s k i n  panels  t h a t  a t t a c h  t o  them may n o t  be handled p r o p e r l y  i n  terms 
o f  j u n c t i o n  model ing for t h i s  t ype  subsystem. Also,  i t  i s  r e a l i z e d  t h a t  t h e  
i n p u t  mot ions assumed f o r  t h e  p r e d i c t i o n s  cannot be r e a l  i s t i c a l  l y  d u p l i c a t e d  
during testing. 

The OP1-4 group shows some improved de l ta -ba r  va lues,  w h i l e  t h e  s tandard 
d e v i a t i o n  va lues improve o n l y  marg ina l  ly .  De l ta -bar  va lues range from - 5 . 6  dB 
f o r  t h e  4000 Hz octave i n  t h e  RAR l a t e r a l  e x c i t a t i o n  t o  4.5 dB f o r  t h e  500 Hz 
octave d u r i n g  FAL l a t e r a l  e x c i t a t i o n .  I n  genera l ,  t h e  de l ta -ba r  va lues con- 
t i n u e  t o  decrease w i t h  i n c r e a s i n g  frequency, much l i k e  t h e  o v e r a l l  group. 
Standard d e v i a t i o n  va lues range from 4.2 dB i n  t h e  FAL l a t e r a l  2000 Hz octave 
and RAR l a t e r a l  2000 Hz octave, r e s p e c t i v e l y .  The b e s t  p r e d i c t e d  e x c i t a t i o n  
appears t o  be RAR v e r t i c a l  i n  terms o f  de l ta -ba r  va lues,  w i t h  o n l y  0.3 t o  -3 .0 
dB range o f  d e l t a s  i n  t h e  f o u r  SIL-4 octaves. Th is  group conta ins  OP14D, one 
o f  t h e  c o n s i s t e n t  problem subsystems f o r  p r e d i c t i o n .  

The OP5-7 conta ins  subsystems i n  t h e  fo rward  cab in  and c o c k p i t  area, i n c l u d i n g  
t h e  w indsh ie lds  and fo rward  s i d e  panels .  The d e l t a - b a r  va lues f o r  t h i s  group 
range from 8 . 1  dB (FAL l a t e r a l  @ 500 Hz) t o  -10.2 dB (RAR l a t e r a l  @ 4000 Hz). 
The s tandard d e v i a t i o n  va lues,  however, a re  b e s t  f o r  t h r e e  e x c i t a t i o n s  i n  t h i s  
group, FAL l a t e r a l ,  RAR v e r t i c a l ,  and RAR l a t e r a l ,  w i t h  a range from 2.6 t o  3.7 
dB across t h e  f o u r  octaves of i n t e r e s t .  The LF group shows d e l t a - b a r  va lues 
rang ing  from 7 .9  t o  -8.8 dB, i n  t h e  FAL and RAR l a t e r a l  e x c i t a t i o n s  respec- 
t i v e l y .  Standard d e v i a t i o n  va lues a re  n e a r l y  always b e t t e r  than t h e  o v e r a l l  
f o r  t h i s  group. 
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GROUND TEST COMPARISON STAT-ISTICS . 
RARV EXCITATION 
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Figure E34. Ground Test Comparison Statistics - RAR Vertical Excitation 
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The hyd rau l i cs  e x c i t a t i o n s  l o c a t i o n s  average d e l t a  values a re  shown i n  F igu re  
E37. These da ta  show l e s s  h i g h  frequency o v e r p r e d i c t i o n  tendency than t h e  
gearbox at tachment data.  The frame e x c i t a t i o n  i s  ove rp red ic ted  i n  a l l  f o u r  
octaves w i t h  d e l t a ' s  o f  -1.5 t o  -5.7 dB w h i l e  t h e  panel e x c i t a t i o n  i s  underpre- 
d i c t e d  up t o  t h e  4000 Hz octave w i t h  a d e l t a  range o f  -1 .2 t o  6.4 dB. Standard 
d e v i a t i o n  va lues f o r  these p r e d i c t i o n s  range from 4.9 t o  7.8 dB. Examinat ion 
o f  t h e  measurement and p r e d i c t i o n  da ta  shows RB and CPM d r i v e  t h e  d e v i a t i o n  
f i gu res  f o r  bo th  t h e  h y d r a u l i c s  e x c i t a t i o n s .  

F1 i g h t  Tes t  Measurements 

I n t r o d u c t i o n .  - The p h y s i c a l  at tachment o f  t h e  main t ransmiss ion  t o  t h e  a i r -  
frame i s  such t h a t  t h e  f o u r  main t ransmiss ion  mounting f e e t  a re  a t tached t o  two 
SEA model subsect ions,  LF14L and LF14R, on t h e  l e f t  and r i g h t  s ides ,  respec- 
t i v e l y .  Thus t h e  power i n p u t  i n t o  each o f  these two subsect ions must c o n t a i n  
t h e  power p rov ided  by two main t ransmiss ion  at tachments,  bo th  f r o n t  and r e a r  on 
each s i d e  (see Photos P3, P4, and P5). The SEA subsystems t h a t  t h e  power i s  
i n p u t  t o  a re  t h e  in -p lane and ou t -o f -p lane bending mot ions assoc ia ted  w i t h  each 
o f  t h e  noted subsect ions.  Th is  means t h a t  t h e  th ree -d i  r e c t i  on measured v i  bra-  
t i o n  l e v e l s  assoc ia ted  w i t h  each o f  t he  f o u r  i n p u t  l o c a t i o n s  must be combined 
t o  y i e l d  in -p lane bending and out -of -p lane bending power i npu ts .  Th i s  combina- 
t i o n  o f  v i b r a t i o n  terms i s  key t o  t h e  i n p u t  power approximat ion.  

F l i g h t  t e s t  measurement data.  - The measurement o f  i n - f l i g h t  v i b r a t i o n  l e v e l s  
on near-source subsvstems prov ides  t h e  i n - f l  i a h t  Subsystem response l e v e l s  
which can be equa t id  t o  t h e  superpos i t i on  o f Y  SEA p r g d i c t i o n s  ' o f  subsystem 
responses f o r  t h e  r e s p e c t i v e  i npu ts .  As w i t h  t h e  ground t e s t  data,  o v e r a l l  
sca l  i n g  i s  p rov ided  by comparison o f  t h e  near-source subsystem p r e d i c t i o n s  and 
measurements. However, i n  t h e  f 1 i g h t  c o n f i g u r a t i o n ,  t h e  mai n gearbox source 
at tachment c o n s i s t s  o f  f o u r  l o c a t i o n s ,  each capable o f  t r a n s m i t t i n g  power i n  a t  
l e a s t  t h r e e  t r a n s l a t i o n a l  degrees o f  freedom i n t o  t h e  a i r f rame.  The c o n t r i b u -  
t i o n  o f  each o f  these must be es t imated  be fo re  o v e r a l l  s c a l i n g  i s  performed. 

The SEA model r e q u i r e s  t h e  assumption t h a t  a l l  i n p u t  power be incoherent .  Th i s  
assumption i s  app rop r ia te ,  w i t h  re fe rence  t o  t h e  coherent  sources i n v e s t i g a t i o n  
d e t a i l e d  i n  Appendix D. Another assumption i nvo l ves  t h e  approx imat ion t h a t  t h e  
r e a l  p o r t i o n  o f  t h e  d r i v i n g  p o i n t  impedance i s  cons tan t  over t h e  f requency 
range o f  i n t e r e s t .  The Val ues used a re  c a l c u l a t e d  from compl i ance measurements 
performed on t h e  a i r f rame and gearbox (see Appendix D ) .  

I n p u t  v i  b r a t o r y  source power determi na t i on .  - The ac tua l  power t r a m m i  t t e d  
across t h e  at tachment l o c a t i o n s  i n t o  t h e  a i r f r a m e  i s  very  d i f f i c u l t  t o  measure, 
and was considered beyond t h e  scope o f  t h i s  program. As a reasonable a l t e r -  
nate,  measurements o f  v i b r a t i o n  l e v e l s  a t  t h e  main t ransmiss ion  at tachment 
l o c a t i o n s  were m u l t i p l i e d  by t h e  va lue  o f  t h e  r e a l  p o r t i o n  o f  t h e  impedance a t  
t h a t  l o c a t i o n  and d i r e c t i o n .  Th is  y i e l d s  an approximate i n p u t  power q u a n t i t y  -_ 
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f o r  each o f  t h e  suppor t  frames (LF14L, R) i n  each o f  t h e  two degrees o f  freedom 
(i n-p l  ane and o u t - o f - p l  ane). These a re  r e q u i r e d  t o  p rov ide  a t o t a l  p r e d i c t i o n  
t h a t  i s  t h e  sum o f  p r e d i c t i o n s  f o r  t h e  var ious  sources. 

V e r t i c a l  and l o n g i t u d i n a l  power quan t i  t i e s  a re  summed a t  each at tachment 
l o c a t i o n ,  t o  y i e l d  an ou t -o f -p lane i n p u t ,  w h i l e  l a t e r a l  power represents  t h e  
i n -p lane  inpu t .  Since two t ransmiss ion  at tachment l o c a t i o n s  occupy t h e  same 
SEA subsect ion (bo th  LF14L and LF14R have f r o n t  and r e a r  at tachment) ,  these 
values a re  summed f r o n t  and back on each s i d e  t o  y i e l d  i n p u t s  t o  LF14L0, 
LF14Li ,  LF14Ro, and LF14Ri. SEA p r e d i c t i o n s  a re  then made us ing  these i n p u t s  
and summed t o  p rov ide  a p r e d i c t i o n  ( s t i l l  i n  need o f  o v e r a l l  sca l i ng ) .  Overa l l  
s c a l i n g  i s  p rov ided  by comparison o f  measurements and p r e d i c t i o n s  o f  subsystems 
ad jacent  t o  t h e  source subsystems, and s c a l i n g  accord ing ly .  The f l i g h t  p r e d i c -  
t i o n  process i s  summarized i n  F igu re  E38. 

Acous t ic  l e v e l  r e s u l t s .  - The p r e d i c t i o n  o f  cab in  sound pressure  l e v e l  was per -  
formed by u t i 1  i z i n g  t h r e e  near-source subsystems f o r  o v e r a l l  sca l i ng .  These 
subsystems were OP23L, OP34L1, and OP4YM, f o r  which i n - f l i g h t  v i b r a t i o n  l e v e l s  
were measured. The f i r s t  two subsystems have d i r e c t  connect ion w i t h  frame 
LF14L, w h i l e  t h e  t h i r d  connects t o  frames CF4M, LF45L and R. These frames 
d i r e c t l y  connect t o  bo th  LF14L and LF14R. Now t h a t  t h e  i n p u t  power has been 
scaled, SEA model p r e d i c t i o n s  o f  bare cab in  no ise  can be made. The r e s u l t s  o f  
t h i s  p r e d i c t i o n  a re  shown i n  F igure  E39. 

Comparison o f  these p r e d i c t i o n s  t o  t h e  bare cab in  measurements performed i n  
f l i g h t  revea l  d i f f e r e n c e s  from -3.2 t o  +3.3 dB i n  t h e  S I L  octaves f o r  t h e  
a i r c r a f t  s p a t i a l  average, w i t h  a l l  octave p r e d i c t i o n s  w i t h i n  t h e  spread o f  
measurements made a t  e leven p o s i t i o n s  throughout  t h e  a i r c r a f t .  Under p r e d i c t -  
i n g  a t  500 hz and 1 Khz by 3.2 and 2 . 1  dB w h i l e  over p r e d i c t i n g  t h e  2 Khz and 4 
Khz octaves by 0.9 and 3.3 dB prov ides  an SIL-4 p r e d i c t i o n  w i t h i n  0 . 2  dB. 
These d i f f e r e n c e s  a re  reasonable when one considers t h e  complex i ty  o f  t h e  
system modeled and t h a t  t h e  actual '  measurement p o i n t s  may, on average, have an 
expected va lue  which i s  h ighe r  o r  lower  than t h e  expected va lue  o f  an i n f i n i t e  
number o f  measurement p o i n t s  on t h a t  p a r t i c u l a r  subsystem. Th is  i n f  i n i  t e  p o i  n t  
expected va lue  ( i . e . ,  subsystem energy l e v e l )  i s  what SEA p r e d i c t s .  
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Measured V and Z 

Out-of-Plane Power: 
2 2 

n (L,R,o) = 1 ( V v e r t  Re ('vert) 

In-Plane Power: 

"1 atRe ('1 a t )  f r o n t  
(L,R, i )  = t 

f r o n t  
r e a r  r e a r  

A l l  130 DOF Near Source Only 

F igu re  E38. F1 i g h t  P r e d i c t i o n  Procedure 
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Cabin Power Flow P r e d i c t i o n  

I n t r o d u c t i o n .  - The cab in  acous t i c  space rece ives  i t s  energy by d i r e c t  r a d i a -  
t i o n  f r o m  110 o f  t h e  130 subsystems i n  t h e  model. C l e a r l y ,  c e r t a i n  subsystems 
w i l l  make a more s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  cab in  sound pressure  l e v e l s  
than w i l l  o t h e r  subsystems. One might  presume, f o r  ins tance,  t h a t  panels  near 
t h e  source would c o n t r i b u t e  a h ighe r  percentage than those f u r t h e r  away. There 
a l s o  w i l l  be cases when t h e  nearby frame r a d i a t i o n  i n t o  t h e  cab in  w i l l  be more 
s i g n i f i c a n t  than t h e  r a d i a t i o n  produced by some o f  t h e  more d i s t a n t  panels .  

Once t h e  p r e v i o u s l y  descr ibed sca l  i ng i s  completed, one can e a s i l y  determi  ne 
t h e  r e l a t i v e  i n - f l i g h t  c o n t r i b u t i o n  made by each o f  t h e  source power i n p u t s  and 
t h e  SEA subsystems t o  t h e  f l i g h t  cab in  no ise  l e v e l s .  The f o l l o w i n g  sec t i ons  
descr ibe  these r e l a t i o n s  i n  more d e t a i l .  

I n - f l i g h t  cab in  SPL c o n t r i b u t i o n .  - For each i n p u t ,  t h e  percent  c o n t r i b u t i o n  t o  
t h e  cab in  resDonse l e v e l  i s  c a l c u l a t e d  and shown l o q a r i t h m i c a l l y  such t h a t  t h e  
summation o f  t h e  f o u r  i n p u t s  i n  each octave i s  0 dB-(see Figure- E40). Domina- 
t i o n  o f  t h e  500 and 1 Khz octaves i s  c l e a r l y  by t h e  i n p u t  f r o m  LF14Li, w i t h  -1 
and -2 dB c o n t r i b u t i o n  l e v e l s .  LF14Lo i s  nex t ,  approx imate ly  20 dB lower  i n  
bo th  octaves. The 2 Khz octave i s  dominated by LF14Ro ( -6 .5  dB), w i t h  LF14Li 
and LF14Lo approx imate ly  5 and 6 dB l o w e r .  A t  4 Khz, LF14Li once again domi- 
nates w i t h  -5.5 dB c o n t r i b u t i o n ,  LF14Lo i s  a t  -9.5 dB, and t h e  remain ing 
subsystems a re  bo th  more than  20 dB down. Th is  " l e f t  s ide"  dominance may be 
due t o  some asymmetries assoc ia ted  w i t h  t h e  main gearbox. 

I n - f l i g h t  power f l o w  t o  cabin.  - Pred ic ted  subsystem c o n t r i b u t i o n  t o  t h e  cab in  
acous t i c  response l e v e l  i s  shown i n  F igures  E41 and E42, and a re  s o r t e d  i n  
descending order  accord ing  t o  S I  L-4 c o n t r i b u t i o n .  Dominance by t h e  near-source 
subsystems i s  ev iden t ,  w i t h  OP23L t h e  l a r g e s t  c o n t r i b u t o r  i n  a1 1 f o u r  octaves. 
I n  t h e  500 hz octave,  f o u r  subsystems are  w i t h i n  6 dB o f  OP23L ( a t  - 5  dB), 
OP34Lu a t  -7 dB, SP14L a t  -10 dB and OP45L and OP4YM b o t h  a t  -11 dB. Only 
OP34Lu o f  t h i s  s e t  has a j u n c t i o n  d i r e c t l y  w i t h  t h e  source frames, w h i l e  t h e  
remain ing have "second genera t ion"  connect ions.  That  i s ,  t hey  connect t o  a 
subsystem t h a t  connects t o  a source frame. A t  1 Khz, s i x  subsystems a re  w i t h i n  
6 dB o f  OP23L a t  -5  dB. These a re  OP34Lu a t  -7  dB, SP14L a t  -10 dB, and OP45L, 
OP4YM, OP12L and OPY5M a t  -11 dB. O f  these, o n l y  OP34Lu and OP12L a re  con- 
nected t o  source frames. A t  2 Khz, e leven subsystems a re  w i t h i n  6 dB o f  OP23L 
( a t  -8 dB). OP23R, OP4YM, and OP34Lu a re  a t  -9 dB, OP34Ru and OPY5m a t  -10 dB, 
OP45R and OP45L a t  -11 dB, and SP14L, O P l Z L ,  SP14R, and OP12R a re  a t  -13 dB. 
F i v e  o f  these subsystems connect d i r e c t l y  t o  t h e  source frames, w h i l e  t h e  
remain ing s i x  have second genera t ion  connect ions.  A t  4 Khz, seven subsystems 
a re  w i t h i n  6 dB o f  OP23L ( a t  -7 dB). OP34Lu a t  -8 dB, OP4YM a t  -9 dB, OP12L 
and OP45L a t  -10 dB, OPY5M a t  -11 dB, and LF45Li and SP14L a t  -12 dB. Three o f  
these are  d i r e c t l y  connected t o  source frames (OP34Lu, OP12L, and LF45Li). 
Note t h a t  t h e  frame LF45Li makes more o f  a c o n t r i b u t i o n  t o  cab in  sound pressure 
l e v e l s  than many o f  t h e  forward and s i d e  panels  a t  4 Khz. 
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POWER FLOW INTO CABIN 
75 m/m-SORTED BY SIL CONTRIBUTION 
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POWER FLOW 1 NTO CABIN 
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The l e f t  s i de  subsystem dominance i s  a t t r i b u t e d  t o  t h e  d i s t r i b u t i o n  o f  measured 
i n  f l i g h t  v i b r a t i o n  l e v e l s  a t  t h e  main t ransmiss ion  attachment, w i t h  t h e  
l a t e r a l  l e v e l s  on t h e  l e f t  s i d e  10 t o  20 dB h ighe r  than t h e  r i g h t  s ide .  The 
except ion  t o  t h i s  i s  a t  2 Khz where t h e  r i g h t  s i d e  ou t -o f -p lane source domi- 
nates and i t  i s  noted t h a t  seven o u t  o f  t h e  twe lve  major c o n t r i b u t i n g  sub- . 
systems a re  on t h e  r i g h t  o r  middle.  

Power f l o w  t o  OP23L. - Since OP23L i s  p r e d i c t e d  t o  be t h e  dominant c o n t r i b u t i n g  
subsystem to, cab in  sound pressure  (F igure  E41), t h e  p a t h  by which v i b r a t o r y  
power a r r i v e s  a t  OP23L i s  .now examined. The major c o n t r i b u t i n g  subsystems a re  
shown i n  F igu re  E43. Th is  f i g u r e  revea ls  t h a t  t h e  dominance i s  shared by t h e  
ou t -o f -p lane mot ion o f  t h e  two cross frames t h a t  border  OP23L on i t s  f o rward  
(CF3L) and a f t  (CF2L) edge. The p r e d i c t i o n s  a l s o  s t a t e  t h a t  LF14L t r a n s m i t s  a t  
l e a s t  6 dB l e s s  i n  a l l  f o u r  SIL octaves than  these two cross frames, even 
though i t  represents  a d i r e c t  connect ion f rom a source subsystem. The j u n c t i o n  
i n f o r m a t i o n  shows t h a t  CF2L and CF3L each have longer  l i n e  connect ions (.470m 
and .454m) t o  OP23L than LF14L (.335m). A lso,  these cross frames have l e s s  
ou t -o f -p lane bending s t i f f n e s s  (approx imate ly  one f i f t h  t h e  ou t -o f -p lane moment 
o f  i n e r t i a )  than LF14L, which may p rov ide  b e t t e r  impedance matching t o  OP23L 
and t h e r e f o r e  more power t r a n s f e r .  

Power f l o w  t o  OP34Lu. - The second h ighes t  p r e d i c t e d  c o n t r i b u t o r  t o  cab in  no ise  
i n  t h e  500 , 1000, and 4000 hz octaves, OP34Lu, a l s o  rece ives  t h e  m a j o r i t y  of 
i t s  i n p u t  f r o m  C F ~ L O ,  i n  each SIL  octave (see F igu re  E44). Much l i k e  OP23L, 
t h i s  subsystem has d i r e c t  connect ion t o  LF14L, b u t  rece ives  i t s  power ma in l y  
f rom t h e  out -of -p lane mot ion of i t s  af t -edge cross frame. I t s  j u n c t i o n  l e n g t h  
t o  LF14L i s  approx imate ly  o n e - t h i r d  o f  t h e  j u n c t i o n  l e n g t h  between CF3L and 
OP34Lu, and has t h e  same impedance s i t u a t i o n  as OP23L. 

Measured sound pressure  vs. p r e d i c t e d  panel  v i b r a t i o n .  - As a c l u e  t o  how w e l l  
t h e  SEA method would p r e d i c t  t h e  acous t i c  response l e v e l  a t  passenger loca-  
t i o n s ,  t h e  a f t  t o  fo rward  p r e d i c t e d  overhead panel v i b r a t i o n  l e v e l s  d u r i n g  
fo rward  f l i g h t  a re  compared t o  t h e  measured i n - f l i g h t  sound pressure  l e v e l s .  
Th i s  comparison f o r  t h e  l e f t  s i d e  cab in  l o c a t i o n s  i s  shown i n  F igu re  E45. The 
a f t  l o c a t i o n  considers o n e - t h i r d  o f  t h e  r e a r  bulkhead and t h e  f o u r  overhead 
panels  between Sta  215 and 188 i n c l u d i n g  OP12L, OP23L, OP34Lu, and OP34L1 as 
t h e  c o n t r i b u t o r s  t o  t h e  a f t  sea t  l o c a t i o n ,  OP45L f o r  t h e  mid and OP56L f o r  t h e  
forward l o c a t i o n .  F o r  t h e  a f t  l o c a t i o n ,  t h e  v e l o c i t y  compared i s  an area 
weighted average o f  t h e  i n - f l i g h t  p r e d i c t i o n s  f o r  t h e  aforement ioned panels  , 
w h i l e  t h e  mid and f5rward a r e  represented by s i n g l e  p r e d i c t i o n s  t o  t h e i r  
respec t i ve  overhead panel .  These p r e d i c t i o n s  a re  then superimposed i n  F igu re  
E45a through d onto t h e  acous t i c  da ta  t o  revea l  a c lose  agreement i n  t h e  t r e n d  
of lower  sound pressure  l e v e l s  w i t h  d i s tance  fo rward  (away f r o m  t h e  source).  

The m o t i v a t i o n  behind these ca lcu-  
l a t i o n s  i s  t o  p rov ide  a means o f  d e f i n i n g  t h e  s p a t i a l  d i s t r i b u t i o n  o f  sound 
pressure t h a t  would be p r e d i c t e d  i f  t h e  cab in  acous t i c  space were t o  be sub- 
sec t ioned by seat  l o c a t i o n .  The c u r r e n t  cab in  response c a l c u l a t e d  i s  an -- 
average response f o r  t h e  e n t i r e  cab in  volume. These r e s u l t s  show promis ing  
evidence t h a t  seat  l o c a t i o n  p r e d i c t i o n s  a re  p o s s i b l e  us ing  t h e  SEA method, 

Each of t h e  comparisons agrees very  w e l l .  .’ 
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Frame J u n c t i o n  V i  b r a t i o n  Transmission Model 

I n t r o d u c t i o n .  - A frame j u n c t i o n  c o n s i s t s  o f  t h e  i n t e r s e c t i o n  o f  frame mem- 
bers .  The f o l l o w i n g  a n a l y s i s  presumes a l l  frame members l i e  i n  t h e  same p lane 
and i n t e r s e c t  each o t h e r  a t  r i g h t  angles.  The b a s i s  f o r  t he  model ing i s  t o  
i d e n t i f y  t h e  mot ion types a l lowed f o r  each frame. The model eva lua tes  t h e  
propagat ion  behavior  f o r  each mot ion type.  Impedance rep resen ta t i ons  f o r  
i n d i v i d u a l  frames a r e  combined i n  d e s c r i b i n g  t h e  dynamics o f  t h e  frame junc-  
t i o n .  The v i b r a t i o n  t ransmiss ion  through t h e  frame j u n c t i o n  i s  cha rac te r i zed  
i n  terms o f  an energy t ransmiss ion  c o e f f i c i e n t  t h a t  r e l a t e s  t h e  t r a n s m i t t e d  t o  
i nc iden t  energ i  es f o r  p a r t i  c u l  a r  source and r e c e i  v i  ng frames and mot< on types.  
The coup l i ng  l o s s  f a c t o r  f o r  use i n  t h e  SEA model o f  t h e  h e l i c o p t e r  a i r f r a m e  i s  
determined from t h e  energy t ransmiss ion  c o e f f i c i e n t s .  

b 

A p r i o r  frame j u n c t i o n  model developed d u r i n g  Phase I o f  t h i s  s tudy accounted 
f o r  bo th  i n -p lane  and ou t -o f -p lane bending and t o r s i o n a l  frame deformat ions 
[Reference 11. It d i d  n o t  r e f l e c t  p o t e n t i a l  c o n s t r a i n t s  on t h e  frame mot ion 
due t o  t h e  i n -p lane  impedance o f  t h e  s k i n  panels  which a re  a t tached t o  t h e  
frames. The present  model, descr ibed here in ,  presumes the  s k i n  panels com- 
p l e t e l y  r e s t r i c t  t h e  i n -p lane  mot ion a t  t h e  t o p  o f  t h e  frames where they  a t t a c h  
t o  t h e  s k i n  panels.  

H e l i c o p t e r  frames a re  t y p i c a l l y  o f  a r e l a t i v e l y  deep web c o n s t r u c t i o n .  The 
o r i g i n a l  model i nc luded  a convent ional  Eu le r  B e r n o u l l i  r ep resen ta t i on  o f  t h e  
bending deformat ion.  The r e v i s e d  model accounts f o r  t ransverse  shear deforma- 
t i o n ,  b u t  i s  n o t  f u l l y  r e p r e s e n t a t i v e  o f  a Timoshenko M i n d l i n  bending deforma- 
t i o n  model i n  t h a t  i t  does n o t  i n c l u d e  t h e  e f f e c t s  o f  r o t a r y  i n e r t i a .  I n c l u d -  
i n g  t ransverse  shear de format ion  i n  t h e  model l i m i t s  t h e  inc rease i n  t h e  
bending wavespeed w i t h  i n c r e a s i n g  frequency , when compared t o  t h e  prev ious  
model. 

The l i m i t i n g  wavespeed i s  n e a r l y  equal t o  t h e  shear wavespeed f o r  t h e  frame 
m a t e r i a l .  The t r a n s i t i o n  where t ransve rse  shear de format ion  becomes impor tan t  
occurs near 3 kHz f o r  ou t -o f -p lane bending i n  t y p i c a l  S-76 h e l i c o p t e r '  frames. 

Al lowed frame mot ions. - As s t a t e d  above, i t  i s  presumed t h a t  t h e  s k i n  panels  
e f f e c t i v e l v  D r o h i b i t  mot ion a t  t he  t o p  edqe o f  t h e  frames i n  t h e  p lane o f  t h e  
s k i n  panefs. '  F igure  F 1  shows t h e  a l lowed frame mot ions,  i n c l u d i n g  r o t a t i o n  
about t h e  a x i s  where t h e  panel connects t o  t h e  frame and ou t -o f -p lane t r a n s -  
verse displacements. The t ransverse  displacement corresponds t o  o u t - o f - p l  ane 
bending o f  t h e  frame f o r  which t h e  n e u t r a l  a x i s  i s  a long t h e  t o p  o f  t h e  frame 
where i t  connects t o  t h e  panel .  The r o t a t i o n a l  mot ion a l l ows  f o r  bo th  t o r -  
s i o n a l  and in -p lane  bending deformat ion of t h e  frame. The frame c ross -sec t i on  
i s  presumed t o  remain undeformed f o r  a l l  mot ions.  I' 
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Model f o r  composite i n -p lane  mot ion.  - Th is  mot ion i s  cha rac te r i zed  by r o t a t i o n  
about the  t o p  o f  t h e  frame about an a x i s  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  frame 
a x i s ,  Ox,  as shown i n  F igu re  F 1  and in -p lane bending deformat ion,  which i s  

taken i n t o  account by t h e  r o t a t i o n  8 A l l  o t h e r  mot ions o f  t h e  c ross -sec t i on  

a re  presumed equal t o  zero. The 8 r o t a t i o n  a l l ows  t h e  model t o  account f o r  
Y 

t h e  e f f e c t s  o f  t ransverse  shear and r o t a r y  i n e r t i a  f o r  bending deformat ion.  

Y '  

P a r t i c l e  displacements on t h e  frame c ross -sec t i on  corresponding t o  t h e  r o t a -  
t i o n s  O x  and' 8 a re  g iven by: 

Y 

u, = Y ex(x> 

u, = z e p  

u = - Z  ex(x) 
Y 

T rile s t r a i n s  on a smal l  elemen, dydz o f  

aeX -x+v= 'z -  - 
~ X Y  ay ax ax 

au au 

au, au, - aeX 
e y + y a x  

+ - -  - - -  
YXZ az ax 

w h i l e  t h e  s t resses  a re  descr ibed by: 

ae. 

aeX 
Y XY ax t = G t  = - G z -  

i o n  a re  descr ibed by: he cross sec 
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These a re  i n t e g r a t e d  over t h e  area o f  t h e  c ross -sec t i on  t o  g i v e  t h e  shear f o r c e  
i n  t h e  z d i r e c t i o n  and r e s u l t i n g  moment about t h e  x a x i s .  

h 
F, = GA {ey - 7  ax3 

A moment balance about t h e  y a x i s  f o r  a frame element o f  th ickness  dx y i e l d s :  
aM 

F =-A 
Z ax 

which, when combined w i t h  t h e  f i r s t  and t h i r d  o f  Equat ions (F3) ,  y i e l d s :  

The above r e s u l t s  neg lec t  t h e  r o t a r y  i n e r t i a  o f  t h e  frame c ross -sec t i on  f o r  
r o t a t i o n  about t h e  y ax i s .  F o r  r o t a t i o n  about the  x a x i s  t h e  moment balance 
y ie lds. :  

which g ives  the  f o l l o w i n g ,  when combined w i t h  the  second o f  Equat ions (F3) :  

Propagat ion c h a r a c t e r i s t i c s  f o r  t h e  composite i n -p lane  mot ion a re  ob ta ined f r o m  
Equat ions (F4) and (F5)  w i t h  a p lane wave s o l u t i o n  of t h e  form: 
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o i ( k x  - ut) ex = Ox e 

i . (kx - ut) 0 = o 0 e  
Y Y  

The r e s u l t i n g  d i s p e r s i o n  r e l a t i o n  i s  f o u r t h  o rde r  i n  k and has two d i s t i n c t  
r o o t s ;  one r o o t  corresponds t o  a p ropagat ing  wave s o l u t i o n ,  t h e  o t h e r  t o  an 
e x p o n e n t i a l l y  decaying s o l u t i o n .  

Impedance c h a r a c t e r i s t i c s  l o o k i n g  i n t o  a s e m i - i n f i n i t e  frame a re  ob ta ined f r o m  
a superpos i t i on  o f  p ropagat ing  and decaying terms: 

i ( k  X - ut) * (-kdx - i w t )  
ex =, exp e P + 'xd e 

* i ( k  x - ut) + e e (-kdx - i U t )  

Yd 
0 = 0  e p 

Y YP 

A f t e r  a f a i r  amount o f  a lgebra ,  Equat ions (F3) ,  (F4), (F5) and (F7)  y i e l d  
impedances r e l a t i n g  t h e  moments and angu lar  v e l o c i t i e s  a t  t h e  end o f  t h e  frame: 

Mx 

MY 

where 

- 
z i p  -r 12 

0X 

\ Y  
e 

E 1  i k d  HAP+ k, HLp 
z i p  2 = A w ,,ip + H i p  1 

P d 
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where 

i k  GAh/2 kd GAh/2 
H’p = 9 Hip = 

P GA + E I y  k; GA - E I y  k $ .  

Model f o r  ou t -o f -p lane bending motion. - Th is  mot ion i s  cha rac te r i zed  by t h e  
t ransverse  displacement o f  t h e  frame i n  the  y d i r e c t i o n ,  q Account ing f o r  

Y ‘  
t ransverse  shear deformat ion a1 so i nvo l ves  an independent r o t a t i o n  o f  t h e  
c ross -sec t i on  about t h e  z a x i s ,  ez. The development proceeds i n  a s i m i l a r  

f ash ion  t o  t h e  prev ious  sec t ion .  Displacements o f  p o i n t s  on a c ross -sec t i on  
a re  g i ven  by: 

u, = 0 

The s t r a i n s  a re  descr ibed by: 

aeX 
I ’  EX = -y ax ( F l l a )  

-. 
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w h i l e  t h e  s t resses  a re  descr ibed by: 

( F l l b )  

I n t e g r a t i n g  over  t h e  sur face  area o f  t h e  c ross -sec t i on  t o  o b t a i n  t h e  r e s u l t i n g  
forces and moments g ives:  

arl 
F = -GA {2 - ez 1 

Y 

a 2  
z ax M, = - E 1  

Force/moment balances i n  t h e  y d i r e c t i o n  and about t h e  z a x i s  f o r  a frame 
element dx y i e l d s :  

and 

arl a a2ez  
-GA{$! - eZ)  = E I ~  ax2 

r e s p e c t i v e l y .  

These a re  t h e  govern ing equat ions f o r  ou t -o f -p lane bending wave propagat ion  i n  
a frame member. Transverse shear deformat ion was accounted f o r  i n  t h e  de r i va -  _. 
t i o n  w h i l e  t h e  e f f e c t s  o f  r o t a r y  i n e r t i a  were n o t  inc luded.  The same approach 
as f o r  t h e  i n -p lane  mot ion i s  f o l l owed  t o  o b t a i n  p ropagat ion  c h a r a c t e r i s t i c s  
and frame impedances. As be fore ,  t h e  d i s p e r s i o n  r e l a t i o n  y i e l d s  d i s t i n c t  -. 
propagat ing  and decaying wave sol u t i o n s .  
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The frame impedances i n  t h i s  case a re  g iven by: 

where 

i k d  H i p  + k Hop 

Hop+ Hip  
c w 

P 

H:’ ( k  - i k d )  
1 

Hop+ Hip  
P 

and 

Th,e impedance expressions a r e  i d e n t i c a l  i n  f o r m  
motion. The d i f f e r e n c e s  are  i n  the  va lues f o r  

app rop r ia te  moment o f  i n e r t i a / a r e a  t e r m ,  and t h e  
h e i g h t  i n  t h e  H f a c t o r s  f o r  t h e  i n -p lane  motion. 

The procedure f o r  e v a l u a t i n g  j u n c t i o n  t ransmiss ion  
t h e  t r a n s m i t t e d  powers f o r  an i n c i d e n t  power i n  

(F15a) 

(F15b) 

t o  those f o r  t h e  in -p lane 
t h e  wave-numbers k kd, t h e  

presence o f  t h e  frame h a l f -  
P ’  

c o e f f i c i e n t s  i s  t o  so lve  f o r  
one o f  t h e  frames i n v o l v i n g  

o n l y  one o f  t h e  mot ion types.  The i n c i d e n t  mot ion i nvo l ves  o n l y  the  propagat’ 
i n g  wave. The j u n c t i o n  mot ions induced by the  i n c i d e n t  mot ion r e s u l t  i n  t h e  
t ransmiss ion  o f  energy through t h e  j u n c t i o n  i n t o  o the r  frames and mot ion types. 
Energy i s  a l s o  r e f l e c t e d  back i n t o  t h e  source frame i n t o  t h e  same mot ion type  
as t h e  i n c i d e n t  mot ion and p o t e n t i a l l y  t he  o t h e r  mot ion type  as w e l l .  
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The s o l u t i o n  i s  g i ven  by t h e  superpos i t i on  o f  t h e  b locked and r a d i a t e d  cases. 
The b locked case eva lua tes  t h e  source e x c i t a t i o n  i n  t h e  form o f  b locked 
forces/moments t h a t  a c t  on t h e  j u n c t i o n  as a r e s u l t  o f  t h e  i n c i d e n t  mot ion f o r  
a r i g i d  j u n c t i o n  w i t h  zero displacements.  I n c i d e n t  mot ion i s  removed i n  t h e  
r a d i a t e d  case and t h e  j u n c t i o n  i s  a l lowed t o  have i t s  f i n a l  mot ion.  The 
t r a n s m i t t e d  o r  r a d i a t e d  power i n t o  r e c e i  v i  ng frame and mot ion combi na t i ons  i s 
eva lua ted  from t h e  j u n c t i o n  mot ions and i n d i v i d u a l  frame impedances. 

The superpos i t i on  o f  t h e  two cases i s  i n  e f f e c t  a force/moment balance f o r  - 
mot ion a t  t h e  j u n c t i o n .  The b locked force/moment t h a t  i s  sca led  by t h e  i n c i -  
dent  mot ion i s  balanced by t h e  t o t a l  r e a c t i o n  force/moment produced by t h e  
mot ion o f  t h e  a t tached frames. The r e a c t i o n  force/moment f o r  each frame i s  
determined from t h e  j u n c t i o n  mot ion accord ing  t o  t h e  frame impedances descr ibed 
i n  Equat ions (F8) o r  (F14). The impedances f o r  t h e  d i f f e r e n t  frames a re  
conven ien t ly  combined t o  form a j u n c t i o n  impedance m a t r i x .  The s o l u t i o n  o f  t h e  
force/moment balance g i ves  t h e  j u n c t i o n  mot ions i n  terms o f  t h e  ampl i tude o f  
t h e  i n c i d e n t  mot ion.  

Blocked case. - The b locked force/moment expressions a re  eva lua ted  by super- 
imposing r e f  1 ec ted  propagat i  ng and decaying terms w i t h  t h e  i n c i d e n t  mot ion.  
The ampl i tudes o f  t h e  r e f l e c t e d  mot ions a re  determined i n  terms o f  t h e  i n c i d e n t  
m o t i o n  ampl i tude by s e t t i n g  t h e  frame mot ions  equal  t o  z e r o  a t  t h e  "blocked" 
. junct ion.  The b locked forces/moments a re  then eva lua ted  f r o m  Equat ions (F3)  
i n d  (F12). 

The b locked moments 

b l  b l  ' i n c  M, = c ex 
mX 

f o r  t h e  composite i n -p lane  mot ion are:  

z i p  
1 

where Z i p ,  Z i p ,  and Hip a r e  g i ven  i n  Equat ions (F9a) and (F9b). The b locked - -  
P 

force/moment f o r  ou t -o f -p lane mot ion i s :  
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Fbl = C b l  ‘ i n c  
Y fy ‘lY 
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Y Y X  
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Y Y X  
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‘m Y X  e mX 
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zf e 

Y X  

‘m e 0 
Y Z  Y Z  

Radiated case. - The i n c i d e n t  power i s  removed f o r  t h i s  case and t h e  j u n c t i o n  
mot ions take  t h e i r  f i n a l  values. By a p p r o p r i a t e l y  combining impedances f o r  a l l  
o f  t h e  i n d i v i d u a l  frames, i n c l u d i n g  t h e  source frame, a j u n c t i o n  impedance 
m a t r i x  i n v o l v i n g  t h e  a l lowed motions i s  developed. I t  has the  f o l l o w i n g  fo rm:  
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and 

Z 
fY 

‘rn 

rnX 

mZ 

Y 

Z 

Z 

7 = z;; (1) - z;; (3) 
Lfy% 

zf 8 = z;; ( 2 )  - zO,; (4) 
Y X  

- zip (1) - z;; (3) ‘m e - 12 
Y X  

- zip (4) - z$ (2) ’rn 8 - 12 
Y Z  

The fo rces  and moments f o r  t h e  r a d i a t e d  case are  those t h a t  must a c t  on t h e  
j u n c t i o n  i n  o rde r  t o  produce t h e  f i n a l  mot ions.  

Junc t i on  force/mornent balance. - Balanc ing t h e  frame r e a c t i o n  forces/moments 
f rom t h e  r a d i a t e d  case w i t h  t h e  b locked force/moment e x c i t a t i o n  f rom t h e  
b lbcked case y i e l d s  t h e  f o l l o w i n g ,  
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f o r  i n-pl  ane inc idence:  

’ .  

‘lY 

C Z J l  

02 

\ 
0 

b l  
‘m 

1 ,Y 

Cbl 
mX 

0 

and f o r  ou t -o f -p lane inc idence:  

CZJl  

Cbl 
fY 

0 

0 

b l  
‘m 

Z 

I n y e r t i n g  t h e  m a t r i x  y i e l d s  t h e  s o l u t i o n  f o r  t h e  j u n c t i o n  displacements.  

Transmission c o e f f i c i e n t  eva lua t i on .  - The i n c i d e n t  power i s  determined by t h e  
ampl i tude o f  t h e  i n c i d e n t  wave and inc ludes  components assoc ia ted  w i t h  bo th  
displacement v a r i a b l e s  f o r  t h e  i n c i d e n t  mot ion type. The displacement v a r i -  
ab les  f o r  in -p lane mot ion a re  €Ix and 0 Consider ing o n l y  a p ropagat ing  wave 
these a r e  r e l a t e d  by: Y ‘  

2 2 3  



The v a r i a b l e s  f o r  ou t -o f -p lane i n c i d e n t  mot ion,  q and Bz ,  a re  r e l a t e d  by: 
Y 

ez = HOP 
P Y  

The power i n  a p ropagat ing  wave i s  g i ven  i n  terms o f  t h e  frame impedances by 
t h e  f o l l o w i n g  equat ions,  c 

f o r  in -p lane inc idence:  

and f o r  ou t -o f -p lane inc idence:  

The t r a n s m i t t e d  power i s  c a l c u l a t e d  from t h e  j u n c t i o n  displacements.  It i s  
necessary t o  determine t h e  approp r ia te  displacements f o r  each r e c e i v i n g  frame/ 
mot ion t ype  combinat ion as w e l l  as t h e  proper  sense f o r  t he  j u n c t i o n  mot ions. 
An example would be the  r i g h t  angle frame, number 2, i n  F igure  F 1 ,  where 
in -p lane mot ion i s  e x c i t e d  by t h e  g l o b a l  d isplacements,  8 The minus 

s i g n  accounts f o r  t h e  d i f f e r e n t  sense o f  t he  g l o b a l  mot ion BZ i n  comparison 

w i t h  t h e  approp r ia te  sense l o c a l l y  l o o k i n g  i n t o  frame number 2. 

and -ez . 
Y 

The t r a n s m i t t e d  power as a r e s u l t  o f  these j u n c t i o n  displacements i s  g iven  by 
t h e  f o l l o w i n g  equat ions,  

f o r  in -p lane motion: 

zip 12 'ey [ - e ; ]  + "c [ - e , ] ) )  
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The approp r ia te  j u n c t i o n  displacements f o r  ou t -o f -p lane mot ion i n  frame 2 are  
r l  and 0, f o r  which t h e  t r a n s m i t t e d  power i s :  Y 

. .  . .  
+ z;; (e, Q; + 6; Q y ) l  

The approp r ia te  j u n c t i o n  displacements f o r  i n -p lane  o r  ou t -o f -p lane t ransmis-  
s i o n  w i l l  d i f f e r  f o r  o the r  frame l o c a t i o n s  r e l a t i v e  t o  t h e  source frame. 

The t ransmiss ion  c o e f f i c i e n t ,  which i s  t h e  r a t i o  o f  t r a n s m i t t e d  t o  i n c i d e n t  
power, i s  g iven  by: 

I = -  %ran 

ni nc 

Coupl ing loss f a c t o r  eva lua t i on .  - The coup l i ng  loss f a c t o r ,  qij, f o r  an SEA 

c a l c u l a t i o n  r e l a t e s  t h e  s t o r e d  energy i n  a s t r u c t u r a l  o r  acous t i c  subsystem t o  
t h e  power t h a t  i s  t r a n s m i t t e d  t o  a t tached subsystems as a r e s u l t  o f  t h a t  
energy, thus  

The t r a n s m i t t e d  power i s  t he  same i n  Equat ions (F29) and (F30)  which r e s u l t s  i n  
t h e  f 01 1 owi ng: 

n - L i n c  - 
Qi j  u) ei 

The s tandard presumption a t  t h i s  p o i n t  i s  t h a t  t h e  energy f i e l d  i s  h i g h l y  
reve rbe ran t  w i t h  equal p ropagat ing  power components i n  a1 1 d i  r e c t i o n s .  F o r  a 
one-dimensional subsystem of  t h e  l e n g t h  L, t h e  power i n c i d e n t  on a ' j u n c t i o n  a t  
one end o f  t h e  subsystem i s  s imply  h a l f  t h e  t o t a l  power p ropagat ing  w i t h i n  the  
subsystem. Th is  leads t o  t h e  f o l l o w i n g  r e l a t i o n s h i p  between t h e  subsystem 
energy, ei, and t h e  i n c i d e n t  power, nine: 

22s 



c e  
- q i  nine - 2~ 

where c i s  t h e  group v e l o c i t y  f o r  t h e  p a r t i c u l a r  i n c i d e n t  mot ion be ing  con- 
s i d e r e d g  It i s  ob ta ined f o r  t h e  d i s p e r s i o n  r e l a t i o n  f o r  t h e  mot ion  t ype  
accord ing t o :  

- dw 
cg - dk 

With  Equat ions (F31) and (F32) t h e  f i n a l  r e s u l t  r e l a t i n g  t h e  t ransmiss ion  
c o e f f i c i e n t  and c o u p l i n g  l o s s  f a c t o r  becomes: 

C t  -L - 
Qi j  2 ~ w  

Transmission behavior  o f  t y p i c a l  S-76 frames. - The above a n a l y s i s  was used t o  
i n v e s t i a a t e  t h e  t ransmiss ion  c h a r a c t e r i s t i c s  of  frame j u n c t i o n s  w i t h  f rames 
t h a t  a r z  t y p i c a l  o f  those i n  t h e  cab in  overhead o f  t h e  s i k o r s k y  S-76. Trans- 
miss ion  c o e f f i c i e n t  p l o t s  a r e  shown i n  F igures  F2 t o  F5 f o r  two frame j u n c t i o n  
c o n f i g u r a t i o n s ;  1) a symmetric four- f rame j u n c t i o n ,  and 2) an asymmetric 
three- f rame ( tee )  j u n c t i o n .  Corresponding coupl  i n g  l o s s  f a c t o r  p l o t s  a re  shown 
i n  F igures  F6 and F7 f o r  two o f  t h e  f o u r  cases considered. 

A comparison o f  t he  r e f l e c t e d  energy f o r  i n -p lane  and ou t -o f -p lane inc idence 
shows t h a t  i n -p lane  mot ion i s  more s i g n i f i c a n t l y  r e f l e c t e d  a t  t h e  j u n c t i o n .  
Impedances f o r  o u t - o f - p l  ane mot ion a re  t y p i c a l  l y  l a r g e r  than f o r  i n-p l  ane 
mot ion so t h a t  t h e  j u n c t i o n  impedances, Equat ions (F19) and (F20), a re  domi- 
nated by t h e  l a r g e r  ou t -o f -p lane impedances. The l a r g e r  j u n c t i o n  impedances 
r e l a t i v e  t o  t h e  b locked f o r c e  o r  moment c o e f f i c i e n t ,  Equat ions (F16)  and (F17) ,  
r e s u l t  i n  sma l le r  j u n c t i o n  displacements f o r  in -p lane i n  comparison t o  ou t -o f -  
p lane inc idence.  

Removal o f  one o f  t h e  frames f r o m  t h e  j u n c t i o n  r e s u l t s  i n  asymmetries which 
i ntroduce t ransmiss ion  i n t o  mot ions o r i g i  na l  l y  unexc i ted  by t h e  i n c i  dent  
energy. F o r  example, i n-pl  ane mot ion does n o t  t r a n s m i t  i n t o  o u t - o f - p l  ane 
mot ion o f  t h e  source frame (#1) o r  i n  l i n e  frame (#3) i n  t h e  symmetric f ou r -  
frame j u n c t i o n ,  b u t  f o r  t h e  asymmetric three- f rame j u n c t i o n  i n -p lane  inc idence 
r e s u l t s  i n  s i g n i f i c a n t  energy t ransmiss ion  i n t o  these mot ions. 

The coup l i ng  l o s s  f a c t o r  p l o t s  revea l  a mod i f i ed  f requency dependence as a 
r e s u l t  o f  t h e  group v e l o c i t y  and frequency f a c t o r s  i n  Equat ion (F34). The 
coupl  i ng 1 oss f a c t o r  f o r  t h e  h ighe r  impedance o u t - o f - p l  ane mot ion i s  re1  a t i v e l y  
l a r g e  a t  low frequency, p a r t i c u l a r l y  f o r  t ransmiss ion  i n t o  t h e  i n - l i n e  frame. 
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F igu re  F2. Transmission C o e f f i c i e n t s  f o r  Out-of-Plane I n c i d e n t  Energy 
(Frame 1) f o r  a Four-Frame Junc t i on  
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Figure  F3. Transmission C o e f f i c i e n t s  f o r  In-Plane I n c i d e n t  Energy 
(Frame 1) f o r  a Four-Frame Junc t i on  
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F igu re  F4. Transmission Coe f f i c i en ts  f o r  Out-of-Plane I n c i d e n t  Energy 
(Frame 1) f o r  a Three-Frame Junc t i on  

229 
\ 



. 

Figure  F5. Transmission C o e f f i c i e n t s  f o r  In-Plane I n c i d e n t  Energy 
(Frame 1) f o r  a Three-Frame Junc t i on  
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Figure  F6. Coupl ing Loss Factors  f o r  a Four-Frame Junc t i on  
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Figure F7. Coupling Loss Factors f o r  a Three-Frame Junction 
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Th is  may r e s u l t  i n  an enhanced t ransmiss ion  f o r  ou t -o f -p lane mot ion i n  t h e  
o v e r a l l  SEA model o f  t h e  S-76 a i r f rame.  The t ransmiss ion  o f  in -p lane mot ion 
may r e l y  more h e a v i l y  on t h e  coup l i ng  t o  ou t -o f -p lane t ransmiss ion  as opposed 
t o  d i r e c t  t ransmiss ion  through in -p lane  mot ion.  

A d d i t i o n a l  Coupl ing Loss Factor  Eva lua t ions  

D i r e c t  c o u p l i n g  between panels  across a frame. - A commonly o c c u r r i n g  j u n c t i o n  
i n  t h e  S - / 6  a i r f rame i s  t h e  connect ion between s k i n  Danels a lona t h e  t o D  o f  a 
frame sec t ion .  I n  t h e  SEA model t h i s  i s  a l i n e  j u n i t i o n  wheredthe conhected 
subsystems i n c l u d e  in -p lane and ou t -o f -p lane mot ions f o r  t h e  frame and bending 
i n  t h e  panels .  The c o u p l i n g  l o s s  f a c t o r s  between resonant  mot ions i n  t h e  frame 
and panels  have p r e i v o u s l y  been descr ibed [l]. Resonant coupl  i n g  i s  assoc ia ted  
w i t h  a co inc idence matching o f  panel t r a c e  wavelength a long t h e  j u n c t i o n  w i t h  
t h e  wavelength f o r  mot ion i n  t h e  frame. 

Inc idence angles i n  t h e  panel near normal r e s u l t  i n  t h e  panel t r a c e  wavelength 
be ing  l a r g e r  than t h e  frame wavelength and t h e  frame responds non-resonant ly  
where i t s  mot ion i s  dependent on i t s  mass reactance. Frame mot ion i s  e i t h e r  
r o t a t i o n a l  f o r  i n r p l a n e  mot ion o r  t r a n s l a t i o n a l ,  i n  the  v e r t i c a l  d i r e c t i o n ,  f o r  
ou t -o f -p lane bending. I n  the  former t h e  r o t a t i o n  a x i s  i s  t he  l i n e  j u n c t i o n  
a long t h e  t o p  o f  t h e  frame where i t  connects t o  t h e  s k i n  panels ,  thus the  
approp r ia te  i n e r t i a l  impedance de termin ing  t h e  frame response i s  t h e  moment o f  
i n e r t i a  about t h e  l i n e  j u n c t i o n .  For t r a n s l a t i o n a l  ou t -o f -p lane mot ion t h e  
response i s  governed by t h e  mass pe r  u n i t  l e n g t h  o f  t h e  frame. 

I n c i d e n t  mot ion i n  one o f  t h e  s k i n  panels e x c i t e s  a non-resonant o r  mass law 
response o f  t h e  frame and a l s o  r a d i a t i o n  i n t o  t h e  a d j o i n i n g  panel on t h e  o t h e r  
s i d e  o f  t he  frame. Th is  coup l i ng  between panels through non-resonant frame 
response c o n s t i t u t e s  a d i  r e c t  coupl  i ng between panel s i n t h a t  t h e  non-resonant 
frame response i s  n o t  o therw ise  descr ibed by an e x i s t i n g  frame subsystem modal 
energy. The coup l i ng  o f  non-resonant frame mot ion t o  o the r  frames a t  a frame 
j u n c t i o n  i s  ignored i n  t h e  c u r r e n t  SEA model o f  t h e  a i r f rame.  

The a n a l y t i c a l  d e s c r i p t i o n  o f  t h e  d i r e c t  coupl  i n g  proceeds f r o m  a representa-  
t i o n  o f  t h e  t ransmiss ion  c o e f f i c i e n t  between panels  across t h e  frame: 

4Re(Zy’i )Re(ZPf,j ) 
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where ti j ,  i s  t h e  energy t ransmiss ion  c o e f f i c i e n t  i n v o l v i n g  non-resonant t r a n s -  

l a t i o n a l  frame, Zpf,’ i s  t h e  l i n e  f o r c e  impedance a t  t h e  edge o f  

t h e  source panel f o r  t ransverse  mot ion and Zffr i s  t he  mass law frame impedance, 

i n  t h i s  ins tance f o r  ou t -o f -p lane t r a n s l a t i o n .  A s i m i l a r  express ion occurs 
occurs f o r  non-resonant i n -p lane  r o t a t i o n  o f  t h e  frame. 

mot ion o f  t h e  

The panel impedances a re  g i ven  by t h e  f o l l o w i n g  expressions: 

B k3 
ZP = (1-i) f 2w 

B k  
ZP = (l+i) m w 

( fo rce )  

(moment ) 

(F36a) 

(F36b) 

where k i s  t h e  panel bending wave number, B i s  t h e  panel bending r i g i d i t y .  

The expressions a re  f o r  normal inc idence r e l a t i v e  t o  t h e  l i n e  j u n c t i o n  w i t h  t h e  
frame and r e l a t e  t ransverse  shear fo rces  o r  moments p e r  u n i t  l e n g t h  a long t h e  
j u n c t i o n  t o  t h e  t ransverse  o r  r o t a t i o n a l  v e l o c i t i e s  o f  t h e  j u n c t i o n ,  respec t -  
i v e l y .  

P 

F o r  t h e  frame t h e  mass law impedances a re  g iven by: 

z f f r  - - -’urnfr * 

z l r  = - iwpI  a 

(F37a) 

(F37b) 

wh,ere Ia i s  t h e  c ross -sec t i ona l  area moment o f  i n e r t i a  o f  t h e  frame about the  
l i m e  j u n c t i o n  a long t h e  t o p  o f  t h e  frame where t h e  _panels a re  at tached:  

(F38) 

234 



The t ransmiss ion  c o e f f i c i e n t  i s  dependent on t h e  angle o f  inc idence on t h e  
j u n c t i o n  o f  t h e  bending wave energy i n  t h e  source panel .  The express ion g i ven  
i s  f o r  normal inc idence on ly .  The averaging over  angle o f  inc idence has been 
accounted f o r  by  DeJong [ Z ]  based on an adap ta t i on  o f  work by S w i f t  [3 ]  i n  
r e l a t i n g  t h e  normal inc idence t ransmiss ion  c o e f f i c i e n t  t o  t h e  coup1 i n g  l o s s  
f a c t o r :  

I; t i  'Lfr J 

q .  ' J  .(w) = TI w ni(w) (2 - tij) 

where Iij, 

- Iij - 

and n: (w)  

i s  t h e  f a c t o r  account ing f o r  t h e  averaging, g i ven  by: 

i s  t h e  mode d e n s i t v  o f  t h e  source panel ,  and k,, k, a re  t h e  bendinq 
wave dumbers i n  t h e  source and" r e c e i v i n g  panels.  1 .  J - 

Coupl ing between frames and acous t i c  spaces. - Overhead f raming i n  the  S-76 
cab in  i s  o f  deep web c o n s t r u c t i o n  i n  o rde r  t o  e f f i c i e n t l y  suppor t  t h e  mechani- 
c a l  loads o f  t h e  a i r f r a m e  w h i l e  m in im iz ing  we igh t  p e n a l t i e s .  A t y p i c a l  frame 
i s  0.2 m deep w i t h  a r e p r e s e n t a t i v e  spacing between ad jacent  l o n g i t u d i n a l  
and/or cross frames o f  0.85 m. The t o t a l  frame sur face  area i n  t h e  cab in  
overhead t h a t  r a d i a t e s  i n t o  t h e  cab in  i s  comparable t o ,  t h e  panel sur face  area 
and must, t h e r e f o r e  be accounted f o r  i n  the  power f l o w  i n t o  t h e  cab in  due t o  
r a d i a t i o n  f rom v i b r a t i n g  sur faces.  

The conyent ional  expressions f o r  p r e d i c t i n g  t h e  acous t i c  power r a d i a t e d  by a 
v i b r a t i n g  panel a re  based on analyses o f  f i n i t e  s imply  supported panels  v i b r a t -  
i n g  i n  t h e  p lane o f  a r i g i d  b a f f l e .  The lower edge o f  t h e  frame web f o r  
t r ansve rse  mot ion can be considered t o  be unbaf f led .  Depending on r e l a t i v e  
wavelengths o f  t h e  panel mot ion compared w i t h  those o f  sound i n  a i r ,  t h e  r a d i a -  
t i o n  p o t e n t i a l  o f  an u n b a f f l e d  edge can be g r e a t l y  reduced over t h e  b a f f l e d  
case. 

Transverse mot ion o f  t h e  frame web i s  assoc ia ted  w i t h  the  composite i n -p lane  
frame mot ion i n  t h e  SEA model. Out-of-plane bending o f  t he  frame r e s u l t s  i n  an 
in -p lane mot ion o f  t h e  web which i s  n o t  coupled t o  t h e  cab in  acous t i c  space. 
The lower  f l ange  o f  t h e  frame, which i s  approx imate ly  0.05 m wide, i s  coupled 
t o  t h e  cab in  acous t i c  space f o r  ou t -o f -p lane bending b u t  n o t  f o r  t h e  composite 
in -p lane mot ion.  Transverse mot ion o f  t h e  lower  f l ange  i s  u n b a f f l e d  on bo th  
edges. 
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A n a l y t i c a l  r e p r e s e n t a t i o n  o f  t h e  coup l i ng  t o  an acous t i c  space f o r  u n b a f f l e d  
mot ion o f  e i t h e r  t h e  frame web o r  lower  f l ange  i s  based on a d e r i v a t i o n  by  
Blake [4 ]  o f  t h e  r a d i a t i o n  f rom u n b a f f l e d  v i b r a t i n g  s t r i p s  o r  beams. No 
v a r i a t i o n  o f  mot ion i s  a l lowed across t h e  w i d t h  o f  t h e  s t r i p .  The r e l e v a n t  
r e s u l t s  f rom Blake f o r  t h e  present  a p p l i c a t i o n  a re  t h e  f o l l o w i n g :  

Rr n h ko - = 2p0cO h 192 ( koh l2  L fr 

and 

R, 

f o r  ko < kfr  

- _  " - 2pocoh L f o r  ko - > kfr  

where Rr, t h e  r a d i a t i o n  r e s i s t a n c e  o f  t h e  s t r i p ,  r e l a t e s  t h e  space average 

mot ion o f  t h e  s t r i p  t o  t h e  r a d i a t e d  power: 

2 

nrad = Rr < V f  > (F43) 

and L and h a re  t h e  l e n g t h  and h e i g h t  o f  t h e  frame, r e s p e c t i v e l y ,  w h i l e  ko and 

on kfr a r e  t h e  acous t i c  and frame wavenumbers, r e s p e c t i v e l y ,  where kfr  depends 

t h e  p a r t i c u l a r  type  o f  frame mot ion,  and poco i s  t h e  c h a r a c t e r i s t i c  impedance 

o f  sound i n  a i r .  The f a c t o r  o f  2 i n  f r o n t  o f  t h e  express ion takes i n t o  account 
t h e  t o t a l  r a d i a t i o n ,  s ince  bo th  s ides  o f  t h e  frame sur face  couple t o  t he  
acous t i c  space. 

Frequency dependence i n  Equat ion (F41) i s  through the  q u a n t i t i e s  ko and kfr  and 

t h e  frequency dependence o f  t h e  phase speed o f  t h e  p a r t i c u l a r  frame mot ion t ype  
from which kfr i s  obta ined.  Simple bending deformat ion o f  t he  frame r e s u l t s  i n  

kfr  p r o p o r t i o n a l  t o  8 and t h e  va lue o f  Rr increases p r o p o r t i o n a l  t o  f. Actual  

frame mot ion types are  more compl icated i n c l u d i n g  t ransverse  shear f o r  o u t - o f -  
p lane bending and t ransverse  shear and t o r s i o n a l  deformat ion f o r  t he  composite 
in -p lane motion. Both cases r e s u l t  i n  phase speeds which tend  t o  increase w i t h  
frequency a t  a r a t e  s lower than p r o p o r t i o n a l  t o  f and t h e r e f o r e  Rr w i l l  

-. 

-_ 
a l s o  

236 



.- 

increase w i t h  f requency. 

and t h e  cab in  acous t i c  space i s  g iven  i n  terms o f  t h e  r a d i a t i o n  res i s tance  by: 

The coup l i ng  l o s s  f a c t o r ,  qfr,a, between frame mot ion 

where 

i s  t h e  t o t a l  mass o f  t h e  frame f o r  ou t -o f -p lane bending, and 

C m = I  a L 

i s  t h e  t o t a l  ( r o t a t i o n a l )  i n e r t i a  o f  t h e  frame about an a x i s  a t  t h e  e l e v a t i o n  
where t h e  panel j o i n s  w i t h  t h e  frame f o r  t h e  composite in -p lane mot ion.  

M o d i f i e d  D e s c r i p t i o n  o f  t h e  P e r i m e t e r  Member 

The pe r ime te r  member r e f e r s  t o  t h e  l i g h t w e i g h t  channel s t r u c t u r e  a t  t h e  seam 
between overhead and s i d e  w a l l  s k i n  panels.  I t s  c ross -sec t i on  i s  open as shown 
i n  F igu re  F8. O r i g i n a l l y  modeled as a frame member, i t  c o n t r i b u t e d  i n  an 
u n r e a l i s t i c a l l y  s i g n i f i c a n t  manner t o  t h e  v i b r a t i o n  t ransmiss ion  f r o m  t h e  
gearbox at tachment l o c a t i o n s  fo rward  t o  t h e  f r o n t  windshie lds.  

Th is  can be seen f r o m  t h e  power f l o w  d e s c r i p t i o n  g iven i n  Table F 1  i n  which t h e  
pe r ime te r  member i s  modeled as a frame. The dominant c o n t r i b u t i o n  t o  t h e  power 
f l o w  i n t o  t h e  w indsh ie ld  comes from t h e  per imeter  frame member a t  t h e  seam 
beJween t h e  w indsh ie ld  and composite overhead panel above t h e  p i  l o t / c o - p i  l o t  
l o c a t i o n s .  Traced back towards t h e  gearbox t h e  p a t h  i s  a long t h e  pe r ime te r  
frame w i t h  impor tan t  c o n t r i b u t i o n s  f rom cross frames. 

The p r e d i c t e d  d i s t r i b u t i o n  o f  frame and panel response l e v e l s  from t h e  S-76 SEA 
model w i t h  t h e  o r i g i n a l  per imeter  frame rep resen ta t i on  are  shown i n  F igures F9 
and F10 a long w i t h  measured l e v e l s  f r o m  t h e  ground t e s t  program. Overhead 
panel l e v e l s  fo rward  i n  t h e  cab in  a re  c o n s i s t e n t l y  overpredic ted. ’  Based on 
t h i s  d iscrepancy i n  comparing panel l e v e l s  forward i n  t h e  cabin,  a r e v i s e d  
d e s c r i p t i o n  was developed t o  more r e a l  i s t i c a l  l y  represent  t h e  t ransmiss ion  
through t h e  per imeter  members. 
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I n  t h a t  t h e  pe r ime te r  member i s  o f  an open, l i g h t w e i g h t ,  sheet metal  cons t ruc-  
t i o n  t h a t  i s  r i v e t e d  t o  t h e  seam between overhead and s i d e  w a l l  s k i n  panels  
a long a common t a b  (see F igu re  F8), i t  was decided t o  model i t  as a panel 
subsystem i n s t e a d  o f  a frame. The j u n c t i o n  now invo lves  connect ions between 
t h r e e  panel subsystems, overhead and s ide  w a l l  s k i n  panels  and t h e  panel 
subsystem c h a r a c t e r i z i n g  t h e  pe r ime te r  s t r u c t u r e .  The s k i n  panels  a re  o f  a 
composite honeycomb c o n s t r u c t i o n  t h a t  a re  s i g n i f i c a n t l y  s t i f f e r  than t h e  
pe r ime te r  s t r u c t u r e  when modeled as a panel .  

Comparisons w i t h  t h e  r e v i s e d  SEA p r e d i c t i o n  a re  shown i n  F igures  E l  and E3 w i t h  
t h e  r e v i s e d  power f l o w  d e s c r i p t i o n  g iven i n  Table F2. Now t h e  per imeter ,  when 
modeled as a panel , does n o t  c o n t r i b u t e  a t  a l l  t o  t h e  power f l o w  i n t o  t h e  
fo rward  panel  s and w indsh ie lds  and a more c o n s i s t e n t  comparison between da ta  
and p r e d i c t i o n s  i s  achieved f o r  bo th  overhead frames and panels.  The p red ic -  
t i o n s  a l s o  r e f l e c t  an inc rease i n  panel damping va lues i n  t h e  SEA model t h a t  
a re  c o n s i s t e n t  t o  a g r e a t e r  e x t e n t  w i t h  the  i n - s i t u  measured loss f a c t o r s  o f  
panel sec t i ons  w i t h i n  t h e  a i r f rame.  
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Table F1. Power Flow D e s c r i p t i o n  When t h e  Per imeter  Member 
i s  Modeled as a Frame 

L e f t  F ron t  Windshie ld  (FWL) 

Power I n f  1 ow From: 

% o f  To ta l  Power I n f l o w  

(1 kHz Octave Band) 

Per imeter  Frame (PF7WL) 93.0 
Main Longi t u d i  na l  Frame (LF67L) 3.2 
Overhead Panel (OP67L) 2 .4  

Per imeter  Frame (PF7WL) 

Power I n f  1 ow From: 

Per imeter  Frame (PF56L) 
Cross Frame (CF6M) 

Per imeter  Frame (PF56L) 

Power I n f  1 ow From: 

Per imeter  Frame (PF45L) 
Cross Frame (CF5L) 

46.6 
32.2 

77.6 
22.0 

Conclusion: 

Transmission a long t h e  o u t e r  pe r ime te r  frame o f  t h e  cab in  overhead i s  an 
impor tan t  pa th  l e a d i n g  t o  t h e  w indsh ie ld .  

Per i meter Frame - L igh twe igh t  box c o n s t r u c t i o n  
Modeled as frame i n  bending 

' P o t e n t i a l  Refinement: A l l ow  p l a t e  l i k e  de format ion  o f  
s ide  w a l l s  

S o f t e r  - Lower impedance propagat ion  behavior  
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Table F2. Power Flow D e s c r i p t i o n  When t h e  Per imeter  Member 
i s  Modeled as a Panel 

F ron t  W i  nds h i  e l  d (FWL) ' -  
Power I n f  1 ow From: 

.- 

% o f  To ta l  Power I n f l o w  

(1 kHz Octave Band) 

Overhead Panel (OP67L) 50.5 
Overhead Panel (OP67M) 39.0 
Cabin Acoust ic  Space (CA) 10.5 

Overhead Panel (OP67L) 

Power I n f  1 ow From: 

Main Long i tud ina l  Frame (LF67L) 
Cross Frame (CF6L) 
Overhead Panel (OP56L) 

Main Long i tud ina l  Frame (LF67L) 

Power I n f  1 ow From: 

Mai n Long i tud ina l  Frame (LF56L) 
Cross Frame (CF6M) 
Cross Frame (CF6L) 

Main Long i tud ina l  Frame (LF56L) 

Power I n f  1 ow From: 

Main Long i tud ina l  Frame (LF45L) 

Main Long i tud ina l  Frame (LF45L) 

Power I n f  1 ow From: 

. 

Main Longi t u i d n a l  Frame (LF14L) 
Cross Frame (CF4L) 
Cross Frame (CF4M) 

54.0 
22.5 
15.5 

68.5 
13.5 
10.0 

100.0 

98.5 
1.3 
0 . 1  

2 4 1  
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Photo P 1 .  Sikorsky S-76 
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Photo P2. S-76 Lower Airframe During Assembly. 
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Photo P3. S-76 Upper Airframe (Cabin Section) During Assembly, 



Photo P4. A i r c r a f t  Upper Deck (Forward) and Shaker Loca t ion .  
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Photo 135. Ai r f rame Shaker Attachment, V e r t i c a l  and L a t e r a l .  



Photo p6. Aircraf t  Upper Deck (Af t )  T u r b i n e  I n l e t  Area. 
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Photo P7.  Instrumentation for Ground Test Measurements. 
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Photo P8. Coherent Sources Test Measurement Instrumentation. 
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Photo P9. Rear Bulkhead ( A f t  Cabin). 



Photo P10. A f t  Cabin, L e f t  and Overhead Structure.  
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Photo P11. A f t  Cabin, Midd le ,  and L e f t  Overhead S t r u c t u r e  
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Photo p 1 2 .  Drip Pan, Rear Bulkhead. 
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Photo P13. A f t  Cabin, R igh t  Side, and Middle Overhead S t ruc tu re  
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Photo P14. Cabin Overhead Structure. 
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Photo P15. Middle Cabin Overhead Main Longitudinal Frames and Panels. 
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Photo P16. Cross Frame 6 and Cockpi t  Overhead, L e f t  Side. 
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Photo P17. Broom C l o s e t ,  Cockpit  Area. 
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Photo P18. Fron t  Right  Windshield and Center P o s t .  

259 



Photo ~ 1 9 .  Midd le  Cabin, L e f t  Side Panel and Passenger Door 
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Photo P20. Middle Cabin Right Side Panel. 
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Photo P21. S-76 Main Transmission Gearbox Attachment Point Compliance 
Measurement Test Setup and Instrumentation. 
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Photo P22. FAR Vertical Shaker and Triaxial Accelerometer Location 
for S-76 Gearbox Compliance Measurements. 
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Photo p23 .  In-flight Measurement Testing. 
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Photo P24. Typical S-76 Utility Interior Configuration 
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Photo P25. Typical S-76 Executive (VIP) Interior Configuration 
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