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INTRODUCTION 

This  paper p r e s e n t s  a broad pe r spec t ive  of needs i n  h e l i c o p t e r  e x t e r i o r  
and i n t e r i o r  no ise  c o n t r o l  and con ta ins  d e s c r i p t i o n s  of t h e  Langley program and 
f a c i l i t i e s  i n  t h e  r e l a t e d  technology areas, Ehphases are g iven  to those items 
which suppor t  no ise  c e r t i f i c a t i o n  of c i v i l  h e l i c o p t e r s  and which r e s u l t  i n  
reduced environmental  no i se  impact to community r e s i d e n t s  as w e l l  as to h e l i -  
copter passengers .  The a c t i v i t i e s  descr ibed  he re in  are r e l a t e d  to t h e  Langley 
r e s p o n s i b i l i t i e s  f o r  h e l i c o p t e r  acoustics as def ined  by NASA roles and missions.  

PROGRAM GOALS 

The main goa l  of the  Langley program is to develop a broad base of improved 
noise  and noise-induced v i b r a t i o n  c o n t r o l  technology. Antrcipated o u t p u t s  from 
the program are ind ica t ed  a t  the  bottom of f i g u r e  1, They . include the  a b i l i t y  
to design h e l i c o p t e r s  to comply with no i se  r e g u l a t i o n s ,  as well as t h e  increased  
passenger and community acceptance.  

Paral le l  t h r u s t s  are underway as ind ica t ed  i n  f i g u r e  2 i n  t h e  des ign  and 
opera t ions  and the  human factors related areas .  The so-called phys ica l  acous- 
tics p o r t i o n s  of t h e  program inc lude  t h e  development of va r ious  c a t e g o r i e s  of 
he l i cop te r  no i se  reduct ion  information and a lso the development and v a l i d a t i o n  
of p r e d i c t i o n  methods. The human factors a c t i v i t i e s ,  on t h e  o t h e r  hand, a r e  
aimed a t  a f u l l e r  understanding of the  e f f e c t s  of h e l i c o p t e r  no i se  on people. 
The i d e n t i f i c a t i o n  of v a l i d  noise  q u a n t i f i c a t i o n  u n i t s ,  and t h e  development of 
acceptance cri teria,  are included as par t  of a gene ra l  understanding of the  
response of people  to combined noise  and v i b r a t i o n  environments. A l s o  implied 
is an understanding of t he  s i g n i f i c a n c e  of ope ra t iona l  procedures  as a means 
for c o n t r o l l i n g  community no i se  responses  and t h u s  minimizing the r e s u l t i n g  
environmental  impacts. 

ELEMENTS OF LANGLEY PROGRAM 

The main elements  of the  Langley he l i cop te r  a c o u s t i c s  program, i n  both the  
phys ica l  a c o u s t i c s  and psychoacoust ics  areas, are l i s ted  as fol lows:  

Source no i se  c o n t r o l  
F a r a s s a t  theory  and ref inements  
Parametr ic  s e n s i t i v i t y  s t u d i e s  (experimental  and theoretical) 
Evaluat ion of a c t i v e  and pass ive  rotor t i p s  
Main rotor/tail rotor i n t e r a c t i o n s  
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Operational factors 
Noise footprint definition 

Prediction 
Noise prediction module development 
Fl ight -  test  validation 
Establishment of data bank 

Community acceptance 
Laboratory subjective tests 
Labora tory/field tes t s  (Wallops F l i g h t  Center) 

Flyover human jury tests 
Indoor/outdoor effects tes ts  

Comnunity response tests 

Passenger acceptance 
Laboratory s imulat ion 
Field f l i g h t  tes ts  

A number of specific projects are identified i n  source noise control, predic- 
tion, operational factors, community noise, and interior noise. Although the 
l ist ing is not necessarily complete, those included are meant to suggest the 
nature and scope of the current research program. Also included i n  this 
material are indications of the research tools and methods to be brought to 
bear on particular types of problems. 

Source Noise Control 

The Farassat theory for rotor noise is a potentially powerful tool for 
basic rotor noise sensitivity studies over a wide range of rotor t i p  speeds and 
loading conditions (see ref. 1 ) .  The immediate problem is to establish credi- 
b i l i t y  i n  this and any other similar theoretical methods that may become avail- 
able. The plan is to make a few c r i t i ca l  checks for current helicopters. T h i s  
involves the ingredients identified in  figure 3. The inputs to the computer 
program include details of the rotor geometry and i ts  f l ight  conditions along 
w i t h  details of its spanwise and chordwise blade loading time history. 
above information is needed for cases for which flyover noise information is 
also available. The output of the computer program is a time history instan- 
taneous pressure p which can i n  t u r n  be resolved into frequency spectra and 
noise level time histories. Measured and calculated noise signatures w i l l  be 
compared for one or more helicopter configurations, for which appropriate input 
data are available. Anticipated results include the identification of operat- 
ing ranges for which the theory is acceptable along wi th  some indications of 
the areas i n  which refinements may be required. 

The 

Once the theoretical methods have been validated by wind tunnel and flight 
tes t  results, the plan is to exercise t h e m  i n  parametric theoretical studies i n  
which the effects of systematic changes i n  the input variables are evaluated i n  
terms of the rotor noise output. These data w i l l  be directly useful i n  estab- 
l i s h i n g  the sensitivity of the rotor noise to  any of several possible changes 
i n  geometry and operating conditions. 

782 



One of t h e  demonstrated approaches to con t ro l  of rotor noise  is by means 
of the a l t e r a t i o n  of the blade t i p  vortex structure and the manner i n  which it 
subsequently i n t e r a c t s  with t h e  aerodynamic flow environments of t h e  following 
blades, 
means of blade t i p  geometry changes and by air mass i n j e c t i o n  a t  t h e  t ips  (see 
refs. 2 and 3) I n  order to t r y  to answer some ques t ions  about the bas i c  source 
mechanisms and t h e  r e l a t i v e  changes i n  aeroacoustic performance due to such 
t i p  modif icat ions,  f u r t h e r  experiments are planned i n  both the  Univers i ty  of  
Maryland (under contract) and t h e  Langley V/STOL wind tunnels  (see f i g .  4 ) .  In  
the  Universi ty  of Maryland s tud ie s ,  the aeroacoustic performance of both a c t i v e  
and pass ive  t i p s  w i l l  be compared on blade models of the same diameter and over 
the same range of opera t ing  conditions.  The V/STOL tunnel tests w i l l  be accom- 
p l i shed  with t h e  genera l  research rotor system model (see ref. 4 ) .  A s tandard 
blade w i l l  be run over a range of forward f l i g h t  and descent  condi t ions  to map 
o u t  t he  condi t ions  under which banging. is encountered. 
w i l l  eva lua te  the e f f ec t iveness  of the var ious t i p  shapes i n  the figure to 
a l l e v i a t e  blade banging. 

The blade t i p  flow f i e l d s  have i n  the past been h e l p f u l l y  a l t e r e d  by 

Then subsequent tests 

Another well-recognized noise  producing phenomenon is the  i n t e r a c t i o n  of 
the t a i l  rotor with t h e  d m w a s h  flow f i e l d  from the main rotor (see ref. 5 ) .  A s  
indicated i n  the  ske tch  of f i g u r e  5 ,  the t a i l  rotor may be t o t a l l y  or p a r t i a l l y  
immersed i n  t h e  main rotor f l o w  f i e l d  and i n  some cases may encounter pe r iod ic  
d is turbances  associated with the  t i p  vortex structure of the main rotor. Fur- 
t h e r  parametric s t u d i e s  i n  a q u i e t  wind tunnel  are planned with a va r i ab le  geom- 
e t r y  main r o t o r / t a i l  rotor m o d e l  to eva lua te  sys temat ica l ly  the  effects of such 
va r i ab le s  as main rotor/tail rotor r e l a t i v e  pos i t i on ,  d i r e c t i o n  and speed of 
ro t a t ion ,  number of blades and blade planform ( including sweep) on t h e  t a i l  
rotor noise.  
rotor for a range of opera t iona l  condi t ions  a s  the b a s i s  for i d e n t i f i c a t i o n  of 
optimum t a i l  rotor aeroacoustic configurat ions.  

A t t e m p t s  w i l l  also be made to  cha rac t e r i ze  t h e  inflow to t h e  t a i l  

Operational Factors 

Recent measurements of helicopter in - f l i gh t  noise  s igna tu res  have ind ica ted  
t h a t  the ground exposures a r e  c l o s e l y  related to the  manner i n  which the  h e l i -  
copter is operated (see ref. 6 ) .  Figure 6 i l lustrates  the  l e v e l  f l i g h t  ground 
noise  p a t t e r n s  f o r  two d i f f e r e n t  he l i cop te r s  one of which opera tes  i n  a banging 
mode. The t w o  associated noise  contours  differ  i n  shape. The nonbanging rotor 
tends to have a r ad ia t ion  p a t t e r n  such t h a t  the most in tense  noise  is directed 
downward and t h e  cons tan t  noise l e v e l  contour is e s s e n t i a l l y  symmetrical about 
the ground track. The ,banging rotor, on the  o the r  hand, apparent ly  has a radia- 
t i o n  p a t t e r n  such t h a t  t h e  most in tense  noise  r a d i a t e s  i n  or near t h e  plane of 
the rotor d i sk  and is skewed l e f t  with respect to the  f l i g h t  d i r ec t ion .  For 
operat ion i n  built-up areas a good apprec ia t ion  of the  s i z e s  and shapes of these 
ground noise  contours  is e s s e n t i a l  for minimizing the community noise  impacts. 
Further  measurements of the type i l lus t ra ted  i n  f i g u r e  6 are planned f o r  o the r  
operat ing condi t ions  using the  RCMAAR f a c i l i t y  a t  NASA Wallops F l i g h t  Center. 
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Noise P r e d i c t i o n  

One of t h e  g r e a t e s t  needs of t h e  helicopter des igner  i n  order to meet 
s p e c i f i e d  noise  requirements  is the  a v a i l a b i l i t y ~ o f  good engineer ing  methods 
f o r  f lyover  no i se  p red ic t ion .  These are l a r g e l y  empirical a t  t h e  p r e s e n t  time 
and tend to be conf igu ra t ion  s e n s i t i v e .  Consequently, t h e r e  is an urgent  need 
for a n a l y t i c a l l y  based methods v a l i d  for a range of conf igu ra t ions  and opera t in5  
condi t ions .  

A proposed approach to an a n a l y t i c a l  p r e d i c t i o n  method is i l l u s t r a t e d  i n  
t h e  schematic  diagram of f i g u r e  7. The no i se  cri t ical  inpu t s  inc lude  d e t a i l e d  
information on t h e  conf igu ra t ion ,  its ope ra t ing  cond i t ions  and t h e  rotor load 
d i s t r i b u t i o n .  The p r e d i c t i o n  program then c a l c u l a t e s  no i se  from the  rotor sys- 
tem and t h e  o the r  no ise  gene ra t ing . cmponen t s  of the  h e l i c o p t e r  and sums them 
up. The o v e r a l l  no ise  is then propagated to t h e  ground l e v e l  observer  l o c a t i o n  
through a s t r a t i f i e d  atmosphere. A series of such c a l c u l a t i o n s  w i l l  produce a 
f lyove r  no i se  t i m e  h i s t o r y  i n  a r b i t r a r y  eva lua t ion  u n i t s  (see re f .  7). 

Once a va l ida t ed  procedure is a v a i l a b l e ,  two q u i t e  d i f f e r e n t  a p p l i c a t i o n s  
are planned. One is a series of s e n s i t i v i t y  s t u d i e s  involving t h e o r e t i c a l  cal- 
c u l a t i o n s  i n  which the  inpu t s  are var ied  pa rame t r i ca l ly  to eva lua te  t h e i r  
e f f e c t s  on t h e  noise  r a d i a t i o n  f ie ld .  The r e s u l t s  of such c a l c u l a t i o n s  w i l l  
form a d a t a  bank f o r  eva lua t ing  f u t u r e  designs.  Another planned a p p l i c a t i o n  of  
t h e  p r e d i c t i o n  methods is i l lus t ra ted  i n  f i g u r e  8. 

Assuming t h a t  t he  c m p u t e r i z e d  p r e d i c t i o n  method p rope r ly  accounts  f o r  t h e  
conf igu ra t ion  and ope ra t ing  cond i t ions  of t he  particular he l i cop te r  i n  ques t ion ,  
it can then be coupled to  t h e  inpu t  of a no i se  syn thes i ze r  (see ref. 8 ) .  The 
syn thes i ze r  t r a n s l a t e s  t he  computer program i n t o  audio s i g n a l s  which r ep resen t  
t h e  noise  from a particular he l i cop te r  opera t ion .  These audio s i g n a l s  can then  
be used to expose a j u r y  of test s u b j e c t s  to he l i cop te r  no i se s  f o r  s u b j e c t i v e  
eva lua t ion .  Th i s  is a tool f o r  i d e n t i f y i n g  those  features of t h e  no i se  signa- 
ture which are most annoying and then r e l a t i n g  them back to p a r t i c u l a r  features 
of the  he l i cop te r  design and/or opera t ions .  Th i s  o f f e r s  t he  p o s s i b i l i t y  of 
opt imizing t h e  acoustic s i g n a t u r e  of a h e l i c o p t e r  i n  its e a r l y  des ign  s tage .  

Community Acceptance 

Community response to the  unique no i se  s i g n a t u r e s  and ope ra t ing  charac- 
teristics of h e l i c o p t e r s  is important to  t h e i r  development and u t i l i z a t i o n .  
Close ly  related to t h i s  i s s u e  is t h e  development of procedures  i n  support  of 
c e r t i f i c a t i o n  of h e l i c o p t e r s  with r e s p e c t  to noise ,  as p rev ious ly  discussed.  
The Langley approach to research  i n  t h e  area of human response involves  con- 
trolled l a b o r a t o r y  s t u d i e s ,  c o n t r o l l e d  f lyover  tests, and commmunity repsonse 
surveys . 

Some of t h e  l a b o r a t o r y  s imula t ion  f a c i l i t i e s  a v a i l a b l e  for human response 
studies are shown i n  t h e  photographs of f i g u r e  9 ( a ) .  They c o n s i s t  of an 
Ex te r io r  E f f e c t s  Rom (EER) and an I n t e r i o r  Effects Room (IER). The EER is an  
audi tor iuml ike  room having a mult ichannel  audio system capable  of reproducing 
no i se  s i g n a t u r e s  which p rope r ly  r ep resen t  t h e  d i r e c t i o n  and movement of t h e  
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source. The IER is configured as a l i v i n g  room i n  a house and is used for 
Dbtaining the  sub jec t ive  response to noise  s igna tu res  as they would be heard 
indoors. In  addi t ion ,  v ib ra t ion  e x c i t e r s  are a v a i l a b l e  to s imula t e  noise- 
induced v ib ra t ions  assoc ia ted  with he l i cop te r  ove r f l i gh t s .  

Examples of he l icopter - re la ted  experiments which have r ecen t ly  been per- 
formed i n  these simulat ion faci l i t ies  are i l lus t ra ted  i n  f i g u r e  9 (b ) .  The EER 
h a s  been used to examine the effects of s e v e r a l  characteristics of helicopter 
blade-slap noise  as described i n  reference 9. Blade-slap noise  was simulated 
by superimposing impulsive noises  on broadband background noise  Variables 
included: the number of s i n e  waves i n  a s i n g l e  impulse; the  frequency of the  
s i n e  waves; t h e  impulse r e p e t i t i o n  frequency; t h e  sound pressure l e v e l  (SPL) of 
the  continuous noise;  and the  idea l i zed  crest factor of t h e  impulses. Analysis 
of the sub jec t ive  data ind ica ted  t h a t  each of the f i v e  parameters had a s ta t is-  
t i c a l l y  s i g n i f i c a n t  effect upon t h e  annoyance judgments. Detailed results are 
presented i n  re ferences  9 and 10. 

A ske tch  of the IER test set up to evaluate  both f lyover  noise  and noise- 
induced v ib ra t ion  is i l lus t ra ted  a t  t h e  bottom of t h e  f igure along w i t h  an 
example of expected results. Subjects are simultaneously exposed to noise  
and var ious l e v e l s  of bui lding v ibra t ions .  
the assoc ia ted  v ib ra t ions  are de tec t ab le  and, if so, a r e  they an important con- 
s ide ra t ion  i n  community response to he l i cop te r  opera t ions  (see, ref. 11) .  
l abora tory  study is being guided by an ana lys i s  of t h e  v ib ra t ion  l e v e l s  recorded 
during r ecen t  helicopter noise  tests conducted a t  t he  Wallops f a c i l i t y .  

O f  p a r t i c u l a r  concern is whether 

The 

T h i s  lat ter study was conducted a t  Wallops to provide information on the  
r e l a t i v e  importance of the impulsive characteristics of he l icopter  noise  to 
human response. The design of the experiment is shown schematical ly  i n  f ig-  
ure 9 (c) and scenes of the test a r e  shown i n  the photograph of f i g u r e  9 (a).  
Subjects  were located in  each of the  three  test areas s i tua ted  i n  a s t r a i g h t  
l i n e  parallel to the f l i g h t  paths. The primary sub jec t  groups were located 
o u t  of doors and made judgments of the  over f l igh ts .  A second and t h i r d  group 
made judgments, respec t ive ly ,  where both i n t e r i o r  noise  and house v ib ra t ions  
were recorded. Four l e v e l  f l i g h t  paths were used as shown i n  the f i g u r e  for 
t h e  helicopters and a fixed-wing re ference  a i r c r a f t .  

The data from t h i s  experiment are being analyzed to determine whether an 
impulsiveness co r rec t ion  to the proposed c e r t i f i c a t i o n  noise  measure, EPNdB, 
is necessary to adequately p r e d i c t  t h e  annoyance of he l i cop te r  noise.  The 
necess i ty  for and magnitude of such a co r rec t ion  w i l l  be ind ica ted  i f  t h e  
results of the experiment are separable i n  terms of some measures of impulsive- 
ness  as ind ica ted  i n  t h e  right-hand s k e t c h  of the figure. 

A.related program has recent ly  been i n i t i a t e d  under c o n t r a c t  to study t h e  
r eac t ions  of people i n  communities highly impacted by he l i cop te r  noise.  The 
program is designed to determine whether a s i g n i f i c a n t  d i f f e rence  e x i t s  i n  the  
percent  of a populat ion highly annoyed by a noise  environment uniformly com- 
posed of many sources and one w i t h  a noise  environment containing a high pro- 
por t ion  of helicopter noise. 
annoyed is detected, a he l i cop te r  "penalty factor" w i l l  be developed which can 
be used to ad jus t  aircraft noise  metrics upward to account for t h e  increased 

If a s i g n i f i c a n t  d i f f e rence  i n  t h e  percent  highly 
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a t t i t u d i n a l  response to he l i cop te r  noise.  
a telephone survey of social a t t i t u d e s  and a f i e l d  noise  measurement survey i n  
two communities to be selected - one subjected to high helicopter noise  impact, 
and one similar i n  a l l  respects except for an absence of he l i cop te r  noise.  
A computerized mul t iva r i a t e  regress ion  ana lys i s  w i l l  combine t h e  social and 
physical  data to d i s t i n g u i s h  the d i f f e rence  i n  the proport ion highly annoyed 
t h a t  is a t t r i b u t a b l e  to helicopter noise, and from this, the "penal ty  factor" 
w i l l  be determined, based on established r e l a t ionsh ips  between community noise  
exposure and expected degrees of annoyance. 

The program w i l l  c o n s i s t  of both 

Passenger Acceptance 

The i n t e r i o r  environment of cu r ren t  and f u t u r e  he l i cop te r s  is important 
to the ride q u a l i t y  and passenger acceptance of these vehicles .  To f u l l y  
evaluate  t h e  inf luence  of the i n t e r i o r  noise  (and v ib ra t ion )  on passenger 
acceptance, the veh ic l e  noise  environment as w e l l  as the response of passengers 
to this type of s t i m u l u s  m u s t  be understood. Such an understanding of the 
environment and its e f f e c t s  is e s s e n t i a l  
i n t e r i o r  noise c o n t r o l  technology. 

Passenger or sub jec t ive  response to 
both i n  the l abora to ry  and in  the  f ie ld .  
examine the d e t a i l s  of the environmental 
whereas the f i e l d  s t u d i e s  concentrate  on 
of noise  and other environmental factors 

to the development of cost e f f e c t i v e  

noise  and v i b r a t i o n  is being s tud ied  
I n  genera l ,  t h e  labora tory  s tud ies  

s t i m u l i  which cause adverse response 
understanding the  in t eg ra t ed  e f f e c t  
on pas se nger acc ep t a b i  1 i t y  , 

The ongoing ride q u a l i t y  program being conducted a t  Langley Research Center 
(ref. 1 2) u t i l i z e s  the three-degree-of -f reedom mot ion simulator shown i n  the  
photograph of f i g u r e  10 (a ) .  The simulator is configured to rep resen t  t h e  in te -  
rior of an a i r c r a f t  and can be f i t t e d  with four f i r s t - c l a s s  seats (as i l l u s -  
trated) or with s i x  tourist-class seats. 
ac tua to r s  which provide motion i n  the v e r t i c a l ,  la teral ,  and rol l  d i r ec t ion .  
Single- or mult iple-axis  i npu t s  can be obtained by o s c i l l a t o r s  or actual f i e l d -  
recorded tapes over a frequency of  0 to 30 Hz and an amplitude of up to 

The s imulator  is dr iven by hydraul ic  

gpeak. 

The ongoing s t u d i e s  are d i r e c t e d  toward the development of a ride q u a l i t y  
model which includes the e f f e c t s  of both multifrequency and mul t iax is  vibra- 
to ry  inputs ,  as w e l l  as noise. The approach being followed c o n s i s t s  of the 
development of "equal v ib ra t ion  discomfort curves" a s  a funct ion of l e v e l  and 
frequency f o r  each a x i s  of v ib ra t ion ,  and determinat ion of within-axis and 
between-axis masking, and t h e  i n t e r a c t i o n  of v ib ra t ion  and noises.  

Example results of this program are summarized i n  the  c h a r t  of the f ig -  
ure where success ive  cons tan t  discomfort curves  (DISC curves) ranging from 1 
to 7 are presented i n  terms of the  A-weighted sound pressure l e v e l  and the  rms 
v ib ra t ion  acce le ra t ion  l e v e l  i n  g uni t s .  A DISC of 1 is approximately the dis- 
comfort threshold whereas a DISC of  7 would be r e l a t i v e l y  uncomfortable. 
R e s u l t s  suggest t h a t  human response is highly dependent upon both noise  and 
v ib ra t ion ,  and furthermre, the degree of dependence is related to the  l e v e l  
of the s t imu l i .  For example, a t  high noise  l e v e l s ,  t h e  v ib ra t ion  inf luence  
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.s r e l a t i v e l y  small i n  comparison to t h e  in f luence  a t  l o w  l e v e l s  of i n t e r i o r  
toise. Curren t  s t u d i e s  are being directed toward quan t i fy ing  the  response to 
: h s e  combined s t i m u l i  over  a wide range of cond i t ions  and inco rpora t ing  t h e  
: e s u l t s  i n t o  a user  o r i e n t e d  ride q u a l i t y  m o d e l .  

On a comparative basis,  t h e  range of i n t e r i o r  no ise  l e v e l s  of h e l i c o p t e r s  
is g e n e r a l l y  h igher  than that for convent iona l  a i rcraf t  and s u r f a c e  veh ic l e s ,  as 
mdicated i n  t h e  upper char t  i n  f i g u r e  10 (b) . I n  order to eva lua te  t h e  environ- 
Bent and passenger acceptance of l a r g e  h e l i c o p t e r  a i r l i n e r s ,  a modified version 
)f the CH-53 m i l i t a r y  t r a n s p o r t  helicopter has  been f l i g h t  tested. A photograph 
I f  the  h e l i c o p t e r ,  the modified cabin ,  and t h e  r e s u l t s  of a s tudy  to evaluate 
:he e f f e c t i v e n e s s  of va r ious  i n t e r i o r  t r ea tmen t s  are shown i n  t h e  f i g u r e .  

I n t e r i o r  no i se  l e v e l s  i n  the un t r ea t ed  ( m i l i t a r y )  h e l i c o p t e r  were approxi- 
l a t e l y  110 dB(A)  . The a c o u s t i c  t r ea tmen t  reduced t h e s e  l e v e l s  to 9OdB(A) i n s i d e  
*e passenger cab in ,  b u t  r e s u l t s  of ques t ionna i r e s  i nd ica t ed  t h a t  t h i s  was n o t  
; a t i s f a c t o r y .  The primary source  of i n t e r i o r  no ise  i n  t h e  treated cabin was 
iound to be gear  clash i n  the  main gearbox. A reduct ion  of t h i s  gear  c l a s h  
ioise by 12 dB would r e s u l t  i n  i n t e r i o r  no ise  l e v e l s  which are comparable t o  
:urrent  narrow-body je t  t r a n s p o r t s  dur ing  c r u i s e  (ref. 13) .  Research i n t o  the 
iundamentals of gear  no ise  c o n t r o l  a t  t h e  source and methods of mechanical 
i s o l a t i o n  of the  gearbox are obviously needed to c o n t r o l  gear  noise .  

CONCLUDING REMARKS 

An attempt has  been made to c h a r a c t e r i z e  the Langley Research Center  pro- 
jram i n  h e l i c o p t e r  a c o u s t i c s  and to i d e n t i f y  f u t u r e  t r e n d s  wherever poss ib l e .  
Fhe main t h r u s t s  i n  phys i ca l  acoustics are noted to be i n  rotor n o i s e  gene ra t ion  
snd c o n t r o l  and i n  t h e  development of engineer ing p r e d i c t i o n  methods. Emphasis 
is on the development of theoretical methods i n  conjunct ion  w i t h  paramet r ic  
nodel tests i n  q u i e t  wind tunnels .  

Cornuni ty  and passenger acceptance s t u d i e s  involve the  a p p l i c a t i o n  of some 
m i q u e  l a b o r a t o r y  f ac i l i t i e s  .as well as f i e l d  i n v e s t i g a t i o n s  to d e f i n e  and 
y a n t i f y  characteristics of helicopter s t i m u l i  a f f e c t i n g  human response. The 
r e s u l t s  provide cr i ter ia  and des ign  g u i d e l i n e s  for r educ t ion  of community noise 
3s w e l l  as the no i se  and v i b r a t i o n  t r ansmi t t ed  i n t o  the  passenger cabin. 
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Figure 1.- Goal of Langley programs. 
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Figure 2.- Thrust o f  Langley program. 
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Figure 3.-  Farassat r o t o r  noise theory. 
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Figure 4 . -  Tip vortex modifications. 
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Figure 6 . -  Level f l i g h t  dB(A) ground noise  pat terns .  
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Figure 7.- Helicopter noise prediction. 

PREDICTION PROGRAM 

~~~~ .e. 

HELICOPTER DESIGN NOISE SYNTHESIZER 
AND OPERATIONS 

SUBJECTIVE RESPONSE TESTS 

Figure 8.-  Helicopter noise synthesis. 
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(a) Laboratory simulation f a c i l i t i e s .  
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(b) Laboratory research r e s u l t s .  

Figure 9.- Community acceptance. 
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Figure 9.-  Concluded. 
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Figure 10.- Passenger acceptance. 

7 96 


