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INTEFUOR NOISE REDUCTION IN A LARGE CIVIL HELICOPTER 
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SUMMARY 


This paper presents the results of an evaluation of the effectiveness of current 
noise reduction technology to attain acceptable levels of interior noise in a large (about 
20 000 kg) passenger-carrying helicopter. The helicopter used in the study is a modified 
CH-53A with a specially designed, acoustically treated passenger cabin. The results 
presented include a detailed comparison of the interior noise before and after installation 
of the pawenger  cabin. The acoustic treatment reduced the average A-weighted interior 
noise levels froin 115 dB in the untreated vehicle to 87 dB inside the acoustically treated 
cabin. The study suggests that a reduction of acoustic leaks to 0.1 percent and an 
increase in the transmission loss of the r e a r  cabin bulkhead could result in a significant 
reduction of cabin noise due to the main gear  box. Specifically, a reduction of 12  dB from 
the first-stage planetary gea r  clash in the main gear  box could result in an interior noise 
environment which is only slightly higher than that in current narrow-body jet transports.  

INTRODUCTION 

Helicopters which a r e  much l a rge r  than those currently used for  commercial  opera
tions are being considered for  future passenger-carrying applications. (See refs. 1, 2, 
and 3. )  The passenger acceptability of such a system must be considered in the evalua
tion of the concept. A major source of passenger complaint in current commercial opera
tions has been the relatively high interior noise levels. (See ref. 3.) Thus, the ability to 
achieve acceptable cabin noise levels within practical constraints must be carefully 
evaluated. 

c Many studies of helicopter interior noise reduction have been reported in the l i tera
ture. (See refs. 4 to 12.) The basic principles involved are stated, for  example, in refer
ence 4. Typical applications of these techniques to smaller  helicopters (less than 
10 000 kg) may be found in references 4 to 6. These applications have shown that acoustic 

-* 
Joint Institute f o r  Advancement of Flight Sciences, The George Washington 

University, Hampton, Virginia. 



II 111111 I111 1-11 I II 

hdi 

I

9 
1 

treatment can reduce the interior noise levels, but the reduced levels are still high cam-
\pared with most forms of commercial  air transportation. References 7 to  1 2  discuss 

some aspects of the reduction of interior noise in l a rge  helicopters. However, there  is i 

no information in the l i terature  to indicate whether noise reduction technology presently 
used in helicopters can reduce the noise levels in large, passenger-carrying helicopters 
to the levels of other a i rcraf t  in current u s e  (for example, narrow-body jet transports). 

The purpose of this paper is to evaluate the effectiveness of some of the current I 

noise reduction technology in attaining acceptable levels of interior noise in a passenger-
carrying, large helicopter. The helicopter used in this study, a modified CH-53A with a v 

specially designed, acoustically treated passenger cabin, was  developed as part  of a 
research program to study a broad range of civil helicopter problems (ref. 7). The 
results presented herein include a detailed comparison of the interior noise before and 
after installation of the passenger cabin to show the effectiveness of the acoustic t reat
ment. The effect of various flight conditions on inter ior  noise is also discussed. The 
interior noise in this vehicle is compared with that in current passenger-carrying air
craft. The resul ts  of trend studies are presented which indicate the potential improve
ment in the inter ior  noise environment of a large passenger-carrying helicopter. 

ABBREVIATIONS 

CHRA civil helicopter research aircraf t  

L overall  sound p res su re  level, dB 

LA A-weighted sound p res su re  level, dB 

LPN perceived noise level, dB 

L~~~ tone-corrected perceived noise level, clB 

PSIL preferred speech interference level, dB 

SPL sound p res su re  level, dB 

r - 7'Lfield field incidence transmission loss, dB 

TLpart partition transmission loss, dl3 
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TEST APPARATUS 

Test Airc raft 

The  civil helicopter r e sea rch  aircraf t  (CHRA) is a modified CH-53A military heli
copter which is being used to investigate several aspects of civil helicopter operations. 
Figure l(a) shows a photograph of the vehicle and table I presents the basic character

t is t ics  of the modified vehicle. The CHRA has uprated engines (nearly 3-MW power) and 

$ 

' 

uprated transmissions to accept the higher power inputs. Fo r  comparison purposes, 
tests were conducted on this vehicle both before and after acoustic treatment. The 
untreated vehicle was completely void of acoustic treatment. After the initial tes ts ,  a 
16-seat passenger cabin was installed in the forward part  of the main cabin of the aircraft .  
This passenger cabin is 4.06 m long and has the appearance of a conventional commercial 
fixed-wing transport  passenger cabin. (See fig. l(b).)  

Acoustic Treatment of CHRA 

The potential sources  of interior noise in a CH-53 helicopter and the associated 
mechanical frequencies are listed in table 11. The geometric relationship between the 
pr imary sources  of interior noise (the power train) and the acoustically treated passenger 
cabin is shown in figure 2. In contrast to commercial jet aircraft ,  all these noise sources 
a r e  in the immediate vicinity of the passenger cabin; thus reduction of interior noise is 
particularly difficult. As figure 2 indicates, the main gear box is directly above the r e a r  
pa r t  of the passenger cabin. The engines are slightly above head level and a r e  mounted 
directly against the s ides  of the cabins. The main drive shafts connecting the engines to 
the main gear box are located diagonally above the cabin. The space behind the cabin does 
not have acoustic treatment (except for some military-type fiberglass blankets) and, hence, 
is a path of noise which can be regarded as another source of noise which enters the 
treated cabin through the rear cabin bulkhead. 

A sketch of the passenger cabin of the CHRA showing the acoustic treatment is pre
sented in figure 3. The fuselage skin is covered with 0.5-mm-thick damping tape (see 
ref. 9 f o r  details of damping tape) to reduce vibrations and, hence, noise radiating from 
the vibrating surface. This da.mping tape is also applied, where practical, to structural  
members  such as main f r ames  of the aircraft .  The 8-cm-deep volume between the f r ames  
is filled with bags of fiberglass (16 kg/m 3 density). In the ceiling, two layers  of lead 
separated with absorbent foam a r e  installed (total thickness approximately 5 cm). The 
total density of the ceiling treatment is approximately 7.3 kg/m2. One layer of lead and 
foam is installed in the cabin sidewalls. Interior t r i m  panels on the cabin sidewalls and 
ceiling a r e  mounted on vibration isolators. A raised plywood floor (2 cm thick) covered 
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with carpet is installed over the metal cargo floor. The forward and aft ends of the 
passenger cabin a r e  separated from the rest  of the vehicle by 2-cm-thick plywood bulk
heads (density approximately 9.8 kg/m 2) which a r e  mounted to the air f rame with vibration 
isolators. The rear face of the aft bulkhead was covered with a 1.3-mm-thick damping 
material  which was held to the bulkhead by a s e r i e s  of 20-cm-long aluminum channels, 
3 cm wide with 1.5-cm legs. The volume between the channels was filled with 2.5-em
thick foam and the installation was covered with fabric f o r  the sake of appearance. The 
bulkheads have a cork covering on the passenger side and acoustically sealed doors. 
Figures 4 to 8 show photographs of some of the acoustic treatment. In figure 7, note the 
ducting framework and air ducts in the four co rne r s  of the picture. This ducting protrudes 
through holes in the r e a r  bulkhead. The s ize  of the holes for  the ducting framework can 
be seen in figure 8. The gaps between the bulkhead and the ducting framework a r e  filled 
with absorbent foam to reduce the effects of acoustic leaks. There a r e  two double-pane 
windows on each side of the cabin. The inner pane of these windows is attached to the 
acoustic treatment. The entire treatment has an average density of about 8 kg/m 2 and 
weighs about 180 kg. This acoustic treatment is a typical example of the application of 
available interior noise reduction technology for  helicopters. (For  examples, see refs .  4, 
5, 6, and 11.) Additional details of the acoustic treatment may be found in reference 13. 

INSTRUMENTATION AND TEST PROCEDURE 

The acoustic data reported in this paper were obtained by using 1.27-cm condenser 
microphones. The voltage outputs of the microphones were  recorded (after appropriate 
signal conditioning) on a tape recorder  for  subsequent analysis. Some of the data were  
digitized and a time s e r i e s  analysis computer program was used to obtain both numerical 
and graphical outputs in t e rms  of octave band, one-third-octave band, and narrow-band 
(nominal 10-Hz bandwidth) sound p res su re  levels (SPL). However, most of the data were  
analyzed by using either analog equipment o r  a real-time analyzer to obtain the appropri
ate  numerical and graphical results. 

Data were  obtained for  a wide variety of flight conditions and microphone locations 
in both the untreated helicopter and the treated vehicle (CHRA). For  all measurements, 
the microphones were positioned to correspond to e a r  level of a seated passenger (approx
imately 71 cm above the level of the seat cushion). A list of all flight conditions and the 
corresponding microphone locations is given in table III. 

In the untreated aircraf t ,  data were  obtained for  the flight conditions and microphone 
locations specified in table III(a). A frequency modulated (FM) flight tape recorder  was 
used and 2 minutes of data were recorded simultaneously for  each of the various flight 
conditions. These same flight conditions and microphone locations were  repeated and 
the additional conditions and microphone locations listed in tables III(b) and III(c) were 
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flown after installation of the acoustically treated cabin. In the acoustically treated 
vehicle, a carry-on, two-channel, amplitude modulated (AM) tape recorder  was used in 
conjunction with type 1 (precision) sound level meters.  With the use of this portable 
recorder,  data f rom only two microphones could be recorded simultaneously so that the 
various flight conditions were  repeated as often as necessary to obtain 1to 2 minutes of 
data at several  seat locations. This latter procedure required that at least  three people 
be inside the acoustically treated cabin when the data were  taken. Occasionally, two o r  

\ three additional observers  were present. In all cases,  every effort was  made to position 
those present so that there  was no appreciable effect on the data being recorded. Fo r  
example, no data were  taken at a seat in which someone was  sitting. 

During a 1- to 2-minute data run in the treated vehicle, the sound level me te r s  were 
observed to maintain a steady (average) A-weighted sound p res su re  level, *l dB, f o r  most 
of the data recording period with an occasional deviation of *3 dB. Similar deviations 
were  observed when the same  test  conditions were  repeated on different days. The noise 
levels reported in this paper correspond to the average levels observed for  each flight 
condition and microphone location. 

RESULTS AND DISCUSSION 

Effect of Flight Conditions 

In o rde r  to obtain thorough documentation of the interior noise environment inside 
the acoustically treated cabin of the CHRA, measurements were made for  the variety of 
flight conditions and microphone locations listed in tables III(b) and III(c). These measure
ments include over 120 individual data points. 

Figure 9 shows the interior noise in t e r m s  of LA at each seat location in the acous
tically treated cabin f o r  two different cruise  speeds and door configurations. The noise 
levels vary by approximately 10 dB throughout the cabin. For  the 148 km/hr cruise  
(40 percent average engine torque) with the cabin doors closed, the arithmetic average 
of LA in the cabin is 85 dB. The average LA increases  to 87 dB f o r  the 278 kni/hr cruise  
(50-percent average engine torque) with the cabin doors closed. For  this vehicle, 
278 km/hr is a typical cruising speed. With both cabin doors open (figs. 9(c) and 9(d)), 
the average LA increases  to 88 dB for  the 148 km/hr cruise  and to 92 dB f o r  the 278 km/hr 

, 	 cruise. In all cases,  the fourth row window seat on the left side of the vehicle has a higher 
noise level than the other seats.  The higher level of noise at  one seat location suggests 
an acoustic leak in the r e a r  bulkhead since this seat  is directly in front of one of the holes 
in the bulkhead described in the section on acoustic treatment. With both cabin door; 
closed, the average LA decrease of 2 dB when the airspeed is reduced f rom 278 km/hr 
(fig. 9(b)) to 148 km/hr (fig. 9(a)) indicates that the norm.al cruise  speed of 278 km/hr 
imposes a small  penalty (2 dB on the average) on the A-weighted sound p res su re  levels. 
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The effect of a large variation of airspeed on LA at two seat locations with both 

cabin doors closed is shown in figure 10. The maximum difference in LA between these 
two particular seat locations is 2 dB. As the figure also shows, the general shape of 
the LA curves corresponds to the power (torque) curve f o r  the helicopter. The minimum 
noise levels occur  in the intermediate speed range, higher levels occurring at 0 airspeed 
(hover in ground effect) and 278 km/hr cruise.  A maximum 4-dB increase in LA at 
the two seat locations indicated in the figure occurs  when the cruise  speed is increased 
f r o m  93 km/hr to 278 km/hr. This  result  supports the statement that the normal cruise  
speed of 278 km/hr imposes a small  penalty on the A-weighted sound p res su re  levels in 
the cabin. Although figure 10 presents noise levels f o r  only the cabin-doors-closed 
configuration, the noise data for  the three other door configurations (see table III(b)) yield 
s imilar  results.  The noise data f o r  all these conditions are presented in table IV. 

Figure 11 shows the effect of ra te  of climb on the interior noise with both cabin 
doors closed. The curve shows the average LA for  the two microphone locations and the 
forward speeds listed in table III(b). The average LA increases  slightly as the rate of 
climb is increased. This increase in LA is consistent with the increase in the average 
engine torque also shown in the figure. For the flight condition investigated, the increase 
in LA at the highest ra te  of climb is only 3 dB greater  than that for  the lowest ra te  of 
climb. Thus, rate of climb does not have a large effect on the average value of LA for  
the flight conditions investigated . 

The effect of ra te  of descent on the interior noise with both cabin doors closed is 
shown in figure 12.  (See table III(b) for  flight conditions and microphone locations.) As 
the figure indicates, the average values of LA are essentially constant for  the flight condi
tions investigated and the average torque decreases  by 10 percent as the rate  of descent 
is increased. 

Noise Sources 

The noise sources  which a r e  the primary contributors to the interior noise in the 
CH- 53 helicopter are determined by comparing frequencies associated with peaks in the 
narrow band spectra  of the interior noise with the frequencies of the potential sources. 
(See table 11.) A s  shown in figure 13(a), there a r e  three peaks above 100 dB in the spec
trum of the untreated aircraf t :  tail rotor blade passage (nominally at 53 Hz), f irst-stage 
planetary gear  clash (nominally at 1370 Hz) in the main gear box, and main bevel/tail 
take-off gear clash (nominally at 2710 Hz). Two of these peaks exceed 110 dB. Although 
the narrow band spectra a r e  shown for only one flight condition (241 km/hr cruise) and 
one microphone location (second row ais le  seat  location, left side), narrow band spectra  
for  all flight conditions and microphone locations (see table 111) indicate that these three 
peaks consistently dominate the interior noise spectra.  
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Figure 13(b) shows a spectrum of noise in the acoustically treated vehicle (CHRA). 
Because of the lower noise floor in the acoustically treated cabin, peaks not evident in 
the noise spectrum for  the untreated vehicle can easily be distinguished in the spectrum 
f o r  the treated vehicle (for example, the engine sources at 227 H z  and 283 H z ) ,  although 
these are not main peaks in the spectra  in the acoustically treated cabin. The two higher 
frequency sources  (first-stage planetary gear  clash and main bevel/tail take-off gear  

\ 	 clash) are sti l l  main sources  of noise in the treated cabin, although their  levels have been 
significantly reduced by the acoustic treatment. Note particularly that the narrow peak 
due to first-stage planetary gea r  clash extends almost 30 dB above the noise floor in  the 
frequency range above 1000 H z .  This particular gear  clash is the source which produces 
the most uncomfortable noise inside the treated cabin. (See refs. 1, 7, and 8.) 

The sources  of low-frequency noise (below 200 H z )  are indicated in figure 14. As 
shown in figure 14(a), tail rotor  blade passage clearly dominates the low-frequency noise 
in the untreated aircraft .  In the treated vehicle, as shown in figure 14(b), there is no 
single peak which dominates the low-frequency noise. Several peaks extend approximately 
20 dB above the broadband noise. The two peaks caused by noise f rom the second-stage 
servo pump and the drive shafts are the highest in frequency and, therefore, noise f rom 
these sources is probably more  uncomfortable than the others (that is, more sensitive to 
the human ear ) .  

Effect of Acoustic Treatment 

Noise reduction.- Data were  taken on the untreated a i rc raf t  f o r  the flight conditions 
and microphone locations listed in table III(a). These same flight conditions and micro
phone locations were  repeated in the treated vehicle (both cabin doors closed) with the 
addition of a fourth microphone in the fourth row left side window seat location for  a few 
of the flight conditions. The one-third-octave band data f o r  all these measurements a r e  
shown by the envelopes in figure 15. The acoustic treatment reduced the one-third-octave 
band levels to the values indicated by the lower envelope in the figure. A s  the figure 
shows, there is less reduction in the levels for  frequencies below 125 Hz than for  those 
above 125 H z .  A 30-dB reduction of noise levels was obtained in some of the bands above 
125 H z .  In particular, the figure shows the reduction obtained in the frequency ranges 
which contain the two main sources  of high-frequency noise (1370 H z  and 2710 H z ) .  

The A-weighted sound p res su re  levels (LA) were determined for the data shown in 
figure 15. The LA in the untreated a i rc raf t  ranged from 108 dB to 122 dB with an average 
value of 115 dB for  all flight conditions and microphone locations. The LA in the treated 
cabin range f rom 82 dB to 90 dB with an average of 87 dB. The reduction of the average 
LA values by 28 dB, f r o m  115 dB in the untreated vehicle to 87 dB in the treated cabin, 
indicates a significant improvement in the cabin interior noise environment. This 
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reduced level is 3 dB l e s s  than levels in a medium-sized helicopter currently being used 
f o r  passenger transportation. (See ref. 3.) 

In o rde r  to evaluate the reduction in interior noise attained by the acoustic treat
ment (i.e., insertion loss), the average values of the one-third-octave band levels after 
treatment were  subtracted from the average values of the one-third-octave band levels 
before treatment. The resulting insertion loss is shown as the solid line in figure 16. 
As the figure shows, the insertion loss  var ies  from 5 dB to over 30 dB. Of particular 
significance is the fact that the insertion loss  has its highest values in the frequency range 
of 1300 Hz to 4000 Hz. This range includes the frequencies of the two pr imary sources  
of high-frequency noise on the untreated vehicle (1370 Hz and 2710 Hz). Hence, noise 
f rom these sources  is reduced by approximately 30 dB. This reduction is largely respon
sible for the 28-dB decrease in L A  which w a s  mentioned earlier. 

Also shown for  comparison purposes in figure 16 are theoretical curves for  t rans
mission loss. These curves represent predicted reductions in the interior noise due to 
insertion of a b a r r i e r  wall between the noise sources  and the microphone locations in a 
f r e e  field. The dotted and dashed curves in the mass-controlled region a r e  the field 
incidence transniission loss  curves for  two materials with the densities indicated (ref. 14). 
As stated in the section entitled "Acoustic Treatment of the CHRA, ' I  the treatment installed 
has densities ranging from 7.3 kg/m 2 to 9.8 kg/m 2 . Thus, in the mass-controlled region, 
the transmission loss  would be approximately predicted by the dotted line. As the figure 
shows, this predicted transniission loss is about 6 dB g rea t e r  than the experimental data. 
However, the dashed line suggests that the acoustic treatment in the vehicle is analogous 
to an acoustic b a r r i e r  with a density of 4.9 kg/m 2 .in the mass-controlled region. 

Acoustic leaks.- Figure 17 shows one-third-octave band SPL in the fourth row, left 
side aisle seat location with the r e a r  cabin door both open and closed. There is an 
increase of about 10 dB in most of the one-third-octave band sound p res su re  levels with 
the door open (approximately 25-percent open a r e a  in the r e a r  bulkhead) except for  noise 
in the frequency range of the drive shaft (near 100 Hz). The reason for  this exception may 
be due to the low value of transmission loss  a t  100 Hz along with the path probably followed 

! 
by noise f rom the drive shafts. Since the drive shafts are directly over the passenger 
cabin (see fig. 2), noise f rom these sources is probably radiated directly down into the 
cabin and, hence, is not affected by the rear cabin bulkhead. The difference between the 
two curves in figure 17 in the one-third-octave bands near 1370 Hz (first-stage planetary 
gear clash frequency) is approximately 10 dB. j 

The equation for evaluating the effects of acoustic leaks in the r e a r  bulkhead on the 
transmission loss a t  a given frequency is (from ref. 14) 

s, + s,
1 . 4  


TLfield = lolog S1 + S27 

a 

i 



where 

TLfield field incidence transmission loss  at  a specific frequency 

s1 open a r e a  for  acoustic leakage 

% s2 a r e a  of partition 

7- transmission coefficient of partition at  a specific frequency 
transmission loss  equals 10 log 1'. 

If the argument of the log in equation (1) i s  simplified, the result  is 

TLfield = 10 log 1 
C j ( l  - T )  + 7

where 

Percent oDen a r e a  
c 1 =  

100 

Equation (2) is plotted in figure 18 for several  values of cl. The calculated partition 
transmission loss  of the r e a r  bulkhead (2-cm-thick plywood and the mass  added by the 
damping material  and the aluminum channels being neglected) is 20 dB at 1370 Hz 
(ref. 14). Hence, with the rear door open (25-percent leakage), the field incidence t rans
mission loss  at 1370 H z  is 6 dB, as indicated by the open triangle in the figure. A s  fig
u r e  17 has shown, the cabin noise decreases  by 10 dB a t  1370 H z  when the rear door is 
closed; thus, it is implied that the r e a r  bulkhead has a TLfield of 16 dE3 at 1370 H z .  

If the difference between TLpart and TLfield is entirely due to acoustic leaks, then 
the rear bulkhead has at  least  a 2-percent leakage, as shown by the solid triangle in 
figure 18. This figure also shows that simply increasing the partition transmission loss 
(TLpart) will have very little effect (about 2 dB) on TLfield. 
by 10 dB, the leakage must f i r s t  be reduced to 0.1 percent. 

In order  to increase TLfield 
Then an increase in TLpart 

could resul t  in a significant reduction of cabin noise due to first-stage planetary gear 
clash in the main gear box. 

Passenger Acceptance 

In order  to assess the acceptability to passengers of the interior noise environment 
in the CHRA, several  typical noise rating scales  were compared with those for other heli
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copters and current  narrow-body jet transports.  The rating scales  used in this paper are 
Ithe following: overall sound p res su re  level (L), dB; A-weighted sound p res su re  level 

(LA), dB; preferred speech interference level (PSIL), dB; perceived noise level ( L p ~ ) ,dB; 
tone-corrected perceived noise level (LPNT), dB. The PSIL is defined as the arithmetic 
average of the SPL in the three octave bands with center frequencies of 500 Hz, 1000 Hz, 
and 2000 Hz. The definitions of the other noise indicators may be found in reference 15. 

In figure 19, the selected rating scales are compared for a current  passenger- -#> 

carrying (25 passenger) commercial helicopter, the CHRA, and a narrow-body jet t rans
port. The data for  the current commercial helicopter are based on the octave-band data + 
presented in reference 3; the data for the narrow-body jet transport  were  obtained by a 
handheld sound level meter near the front of the tourist  compartment during a normal 
commercial  flight (the LA value reported herein is in the range of levels reported in 
ref. 16), and the CHRA data are at  the second row aisle seat  location on the left side of 
the passenger cabin during a 241 km/hr cruise. (See table III(a).) As the figure shows, 
the noise levels in the CHRA are comparable with those in the current commercial  heli
copter on the basis  of the chosen indicators and 5 dB to 7 dB higher than the levels in the 
jet transport. 

Since the source which produces the most uncomfortable noise in the CHRA is due 
to first-stage planetary gear clash in the main gear box (refs. 1 and 8), an analytical 
study was conducted to determine the effect of reducing the noise f rom this one source. 
For the rating scales  chosen, reduction of the noise from this particular source by more 
than 12  dB resulted in no further improvement. The resul ts  for a 12-dB reduction are 
shown in figure 19 by the dotted line in the b a r s  for the CHRA. As the figure indicates, 
a reduction of 12  dB in the noise from this source would result  in levels which are 1dB 
to 4 dB greater  than those in a current narrow-body jet transport  for the rating scales  
which a r e  compared. 

CONCLUDING REMARKS 

A study of interior noise in a large, passenger-carrying helicopter has  been con
ducted. The resul ts  indicate that acoustic treatment typical of current  noise reduction 
technology for helicopters provided a significant improvement of the interior noise 
environment in the passenger cabin. The average A-weighted sound p res su re  level of 

115 dB for all flight conditions and microphone locations in the untreated helicopter 

was reduced to 87  dB inside the acoustically treated cabin. This reduced level is 3 dB 

less than the level in a medium-sized helicopter currently being used for passenger I 


transportation. The noise reduction from acoustic treatment of the vehicle is analogous 

to that obtained from an acoustic ba r r i e r  with a density of 4.9 kg/m 2. 
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The A-weighted interior noise levels were found to vary by 10 dB throughout the 
passenger cabin. At one seat location, the A-weighted noise levels are consistently 
greater  than the levels at all other seats. This phenomenon suggests an acoustic leak 
in the rear bulkhead. Further analysis of the data indicated that reduction of acoustic 
leaks in the rear bulkhead to 0.1 percent, and an increase in the transmission loss  of 
the rear bulkhead could resul t  in a significant reduction of the interior noise levels in 
the cabin. 

h 

In the acoustically treated vehicle, one of the primary sources  of interior noise is 
the main gear box, particularly first-stage planetary gear clash. A 12-dB reduction in 
the noise from this source could resul t  in interior noise levels in a large helicopter 
which are only slightly greater than levels in a current  narrow-body jet transport  on 
the bas i s  of several  typically used noise rating scales. 

Langley Research Center 

National Aeronautics and Space Administration 

Hampton, VA 23665 

April 19, 1977 
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TABLE I..CIVIL HELICOPTER RESEARCH AIRCRAFT CHARACTERISTICS 


Mission gross  weight. kg . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Empty weight. kg . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alternate gross  weight. kg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
High-speed cruise. km/hr . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Normal speed cruise. km/hr . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Range. km . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Length. m . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Height. m . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Width (blades folded). m . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Main rotor diameter. m . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Engine (2) power. MW . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of passengers for -

Proposed commercial design . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Research configuration . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 586 

11 575 

19 047 


304 

278 

448 


17.2 
5.07 
4.72 
21.9 

3 


44 

16 


1 4  




TABLE II. - MECHANICAL FREQUENCIES AND THEIR 

SOURCES FOR CH-53 HELICOPTER 

'requency, & Source ?requency, Hz Source 

3.08 Main rotor rpm 705 'Tail-box bevel gear clash 

8.10 First-stage planetary r p m  1120 Accessory box gear clash 

13.2 Tail rotor r p m  1370 First- stage planetary 

15.9 Second-stage Sun gear r p m  gear clash 

18.5 Main-rotor blade passage 1460 Intermediate box bevel 
27.3 First-stage Sun gear r p m  gear clash 
27.9 Main-box bevel gear rpm Noise-box input shaft 
38.3 Intermediate tail-rotor gear clash 

gear clash 2100 
I
Tachometer 

41.6 Main-box oil pump r p m  Oil pump 
46.8 Nose-box oil pump r p m  iFuel control 
50.2 Tail-rotor drive shaft rpm (Main-box bevel gear clash 

52.8 Tail-rotor blade passage 2710 Tail take-off bevel gear 

60.2 Fuel control r p m  clash 


68.5 Utility pump rpm First-stage servo gear 

70.3 Tachometer drive r p m  clash 

71.9 Hoist drive r p m  Second-stage servo gear 


clash75.7 Second-stage servo pump 
4510 

IUtility 
rPm 

86.3 Lubrication pump rpm Hoist 

(Generator rpm Lubrication pump 
Main-gear -box input shaft Auxiliary propulsion 

100 rPm Ipackage drive 
<Accessory drive shaft rpm 5310 Accessory take-off bevel 

118 Oil cooler r p m  gear clash 

227 Free turbine r p m  (100%) 
283 Gas turbine r p m  (100%) spur gear clash 

417 Main-box oil pump spur 
gear clash spur gear clash 

527 Second-stage planetary 7020 Nose-box bevel gear clash 
gear clash 

5420 
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TABLE III.- FLIGHT CONDITIONS 

(a) Untreated and treated (CHRA) aircraf t  - three microphone locations (first row window 
seat, second row ais le  seat, fourth row aisle seat, all on left side) 

Hover in ground effect 

Hover out of ground effect 

Climb a t  5.1 m/s; forward velocity 133 k m / h r  


Descent at 5.1 m/s; forward velocity 130 km/hr 

Cruise at 148 km/hr 

Cruise at  241 km/hr 

30' right bank 

30' left bank 


(b) Treated (CHRA) aircraf t  - two microphone locations (first row window seat, 
fourth row aisle seat, both on left side) 

J 
J 
J 

JJ 

1 Rate of 
descent, m/s I 

J 
J 
J 

93 i
I* 

Door condition* 

J 
J 
J 

Door condition* 

J 
J 
J 

148 167 1 222 1
1 I 

A single check ( J )indicates that cabin doors are closed; a double 
check (JJ)indicates four cabin door configurations: (1)both closed, 
(2) both open, (3) front only open, and (4) rear only open. 

(c) Treated (CHRA) aircraf t  - 16 microphone locations (one at each seat location) 

Cruise velocity, km/hr Cabin doors 
. .  

Both closed 
Both open 

278 Both closed 

I Both open 

16 




TABLE IV. - EFFECT OF AIRSPEED ON A-WEIGHTED INTERIOR 

NOISE LEVELS FOR TWO SEAT LOCATIONS 

Door 
configuration Microphone* 

0 km/hr 93 km/hr 148 km/hr 222 km/hr  278 km/hr 

Both closed 1 88 83  84 86 


2 89 85 84 87 -q
Both open 1 88 9 1  88 9 1  

. .  - .  . . .  

2 97 94 92 96 


Front only 1 88 86 86 87 

- - . ~. __ 


open 2 83 85 86 85 

. . . .  . - 


Rear only 1 90 89 89 90  

.-


open 2 96 93  93 96 


* 
Microphone 1 at first row window seat; microphone 2 at fourth row aisle seat. 
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2-75-6936 
(a) Exterior view. 

Figure 1.- Civil helicopter research  aircraft (CHRA). 



(b) Interior view. 

Figure 1.- Concluded. 
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(a) Side view. 

Figure 2.- Sketch of CHRA showing location of primary noise sources (power train) 
relative to passenger cabin. 
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(b) Top view. 

Figure 2. - Concluded. 
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Figure 3. - Sketch of typical cabin section showing acoustic treatment. 
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L-76-5860.1 
Figure 4. - Typical acoustic treatment of passenger cabin sidewall. 



Figure 5.- Area below main gear box with t r i m  panel removed. 
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1;-76-5856.1 
Figure 6.- Acoustic treatment on t r im panel below main gear box drip pan. 



L-76-5862.1 
Figure 7. - Cabin rear bullthead. 



L-76-5858.1 
Figure 8. - Ducting framework through hole in rear bulkhead 

(outside passenger cabin). 
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Average LA = 8 7 d BAverage LA = 8 5 d B  

I 
 i 

(a) 148 km/hr cruise;  both doors closed. (b) 278 km/hr cruise; both doors closed. 

Figure 9. - Variation of A-weighted interior noise with seat  location. 



Average LA = 88 dB 
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Average LA = 92 dB 

h 

(c) 148 km/hr  cruise; both doors open. (d) 278 k d h r  cruise; both doors open. 

Figure 9. - Concluded. 
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Figure 10.- Effect of airspeed on A-weighted interior noise level for two seat locations 
with both cabin doors closed. 
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Figure 11 . - Effect of ra te  of climb on average A-weighted interior noise level 

with both cabin doors closed. 
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Figure 12.- Effect of ra te  of descent on average A-weighted interior noise level 
with both cabin doors closed. 
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(a) Before acoustic treatment. 

Figure 1 3 . - Primary sources of interior noise in the CH-53 (241 km/hr cruise; second row aisle seat, 
left side). Bandwidth = 10 Hz. 
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(b) After acoustic treatment (CHRA) with both cabin doors closed. 

Figure 13. - Concluded. 
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(a) Before acoustic treatment. 

Figure 14.- Sources of low-frequency interior noise in the CH-53 (241 km/hr cruise; second row aisle seat, 
left side). Bandwidth = 0.4 Hz. 
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(b) After acoustic treatment (CHRA) with both cabin doors closed. 

Figure 14. - Concluded. 
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Figure 15. - Effects of acoustic treatment on interior noise in civil helicopter research aircraft 
for several flight conditions and microphone locations. 
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Figure 17.- Reduction of interior noise due to rear bulkhead (rear cabin door open; 
approximately 25-percent open area in the rear bulkhead). 
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Figure 18. - Effect of acoustic leaks on transmission loss. 
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Figure 19. - Comparison of some typical noise rating scales for  aircraft. 
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