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SUMMARY AND GONCLUSIONS

As a result of this study, it has been concluded ihat MIL-A-8806 (ASG),
the Military Specificarion for noise ievels in aircraft should be
amended for Army Aircraft during normal cruise power by the addition
of a Tabie V.

TABLE V

Frequency Bands and Acceptable Noise Level
at Normal Cruise Power

Frequeucy B.nds, cps Acceptable Nolsge Levels, db

Overall 106

37.5 - 75 104

75 - 150 104

156 - 300 104

390 - 6C0 96

600 - 1260 90

1203 - 2400 86

7400 - 4800 A

4800 - 9600 15

It §s recommended rha: Paragraph 3.1.4 of Specification MIL-A-8806
(ASG) dated 25 October 1956 shall be amended bty the sddition of a
Tab1:V and rewording of the existing paragraph as follows (underlires
indicate added or changed wording).

3.1.4 Normzl cruise power - The acceptaole noise level in any
pai't of the aircraft intended for occupancy by the crew
or otter personnel shell not exceed the values shown in Tupie IV

or V (whichever i3 ayplicable) under condicions of NORMAL CRUISE

POWEK.

Table 1V is appiicable to all Navai aircraft procurement and to
Air Force and Army fixed wing gircrgft procurement when so stated
in the air:raft dztail specification. Table V iy applicable to
all Armv rotary wing and VIOL/STOL gircraft procurement when 890
3taced in the gircrafr Jdetail gpecificstion.

Figures 183 and 184 summarize the internal and extcrnal noise envi-
ronmencs which were 2ncountered in the fixed and rotary wing aircraft
tested. The two VIUL test beds were excluded because of the lack of
directly comparatle data. For purposes of providing a condensed
sumzary which retained more significance than just the over-all, or
peak, suvund levels the arithmetic averages of what have arbitrarily
Leen defi.ned a. the low (20-75 and 75-150), middle (150-300, 300-600




and 600-1200) and high (1200-2400 , 2400-4800, and 4800-10,000 cps)
octave bands ar: presented This has the advantage of preserving

some description of frequency distribution. It is noteworthy that

tiie .elative noise levels internally and externally are not directly
comparable. For example, the low frequency internal data for the

H-13 =zre greater than for any other aircraft while the comparabie
oxternal data are the lowest of all aircraft tested. Suck a condition
is indjcative of a local condition within the aircrafr such as either
a structuvral or an air cavity resonance which is apparently amplify-
ing a pariicular exciting frequency within the aircraft.

Correlavion of pilot comment with measured data shows that Army
pilots require additional relief from noise at high frequencies
over that afforded by Table IV of MIL-A-8806 (ASG) dated 25 October,
1950, when flying rotary wing airciaft (Ref., Fig 157). It further
appears that most aircraft being operated by the Army do not comply
with Table 1V of MIL-A-~8806.

Treatments which would insure pilot satisfaction can be achleved at
nominal penalties averaging about 1% of gross weight and 10% of range.

Greater efticiency in noise control can be achieved by reduction at
the source. Such achievement will require research into several
basic mechanisms of aircraft noise.

In view of the meager amount of data, especially internal, which ia
available on the newer types of VIOL/STOL aircraft it ig recommended
that the Army keep the inventory of acousticsl data acquired in
Tark I up to date by addition of all new aircraft and test beds as
soon as their stage of development will permit satisfactory comple-
tion of the required flight program.

During interviews conducted during the Task Il survey many Army
personnel expressed concern about the tactical and operational
limitarions which must often be placed on aircratt due to external
roise. It is recommended that the external data obtained during

the Tagk 1 program be used as a basia for establishing a specifica-
tion for external noise levels tc be applied to Army combat aircraft.

It is apparent that the most efficient acoustical control is that
which can be appliied at the so.rce. Studies of sources leading to
major pilot discomfert indicate the great potential weight saving
and value of reducing trvansmission noise by gear and/or case design
and by reducing turbine inlet ¢nd compressor noise. It appears
that research in these areas will have to be pursued if weight
allocations for noise reducticn aze not to btecome excessive.




Rotor noise,which with the advent of the gas turbine definitely
becomes the major external noise problem has, up to now, veen rela-
tively neglected. Wind tunnel and whirl tower studies aimed at
better understanding the causes of rotor blade noise and studying
the effzcts of blade design on the noise gemerated should be
carried on if helicopters are to realize the'r full military
potential.




Thig study of the problem of aircraft noise and its effect un Army
operation and utilization of equipment is divided into three tasks:

=

Task I

A sound nrcssure level measurement program wiaich was carried out on
twelve of the Army's aircratt inventory. (Specificaily, the L-20,
L-23, U-1a, H-13, KH-21, H-23, H-34, H-37,HU-14, YHC-1A, Doak 16 aad
Vertol 76 Advcratt.)

Tagk 11

A study o( the effect of aircrairt roise on Army aircraft operations
as limited by the noise environment to which pilots are exposed,
and performance limits which might be imposed on the aircraft by
additional senundproofing treatments.

Task III

A review of Specification MiL-A-88U6 for adequacy and applicability
to Army aircraft, in light of the findiangs of Task II, This will
include recommendations, it warranted, for revisions ~r addenda.

Congideration of acoustic design and applicatien of noige :contrcl
mesasures to military aircraft have, for a long time, beun relegated
to a relatively minor role in overall design considerations. The
tesulting high ncise leveis which have. unfortunately, become
argociaced with these vehicles were long regarded merely as unde-
sirable working conditions with which flight and ground crews have
tad tc contend. The develoupwment of new higher performance aircraft,
however, tesulted in further increases in noise levels to the point
where action has, in many cases, become mandatory.

The benefits derived from gond noise control, however, far wxceed
those of hearing preservation alcue. Low internal noise reduces
pilet fatigue, permics good radio and intercommunication system
operatiox, and generally improves physical response and morale of
flight crews.

External noisc level problems are of extreme importance in limiting
the cactical utilization of many troop-carrying aircraft. A far-
carrying and distinsrive noise can, for example, completely cancel
the advantage of surprisge assault evailable with troop-carrying
helicopters operatiug behind hills or below "treetop level',




Community relarions, in non-combat areas, in recent years has become
an area of increasing problem. Lccation cf airports and flight
operational preccdures have, in many cases, beon dictated largely by
noise. It is, therefore, most desirable that the air~raft ijtself be
designed such that its utilization need noi later be restricted.

In order to arrive at aircraft witn optimum noise characteristics
without paying undue penalties in weight, performance, etc., it is
necessary to establish criteria which, when satisfied, will permit
unrestricied operation with high crew efficiency and still not be
conservative to a penalizing degree. It is the purpose of this
program to arrive at such criteria for the types of aircraft oper-
ated by the U.S. Army and to consider the effects of such control
on the aircrafr itself.
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manufacturer for check. One was found to be exactly correzt while
the other was found to be only .4 db low. Tae first calibrator was
then placed in storage (as a master) and the second used for field
operations. At the conclusion of the testing the two calibrators
were again comparcd and uwe shift noted. The .4 db variance was
then compensated for in analysis, and correct and consistent cali-
bration insured,.

System Calibration

Since the 4C0 c¢ps calibration is only a single frequency check on
rhe system gain, a complete system calibration was performed as
follows:

1. The microphone was connected to its preamplifier and the 400 cps
CR type 1552-B calibrating speaker placed on the microphone.
The resulting open circuit voltage frcm the preamp output was
measured as .295 volt for 121 db input. This agreed within 1 db
with the voltage ouvrput predicted from the microphone calibra~
tion curves. For use later in this calibration procedure, the
open circuit voltage at 100 db was calculated to be .02& volts.

2. A test chamber (Figure 1) was constiucied and the circuit of
Figure 2 connected. The calibrsting speaker was placed over the
microphone (dotted circuit) and the octave band analyzer adjusted
to rvead 121 dbo. In this caee and in the following calibrations
the recorder was in the "tape mode," i.e , the signal was recorded
on the tape and the octave band analysec made from the taped
signal. This procedure insured that the charecteristics of the
recording head and playback system were accounted for.

3. The eignal generator (solid circuit) was then set at each fre-
quency to be callbr2ted and its output adjusted so that the open
circuic veltage of the microphone preamp output was ,026 volts
(100 db). The microphone was then connncted into the circuit and
the output read on the octave band analyzer. At each frequency
the calibration was made for several attenuator settings as
showi. in Figure 3.

&~

Examination of Figure 3 shows that linearity of response is
very dependent on signal level. The high frequency cutoff
exhibited with the low atteruation setting (5) is evidence of
amplifier saturation. While the amplification obtained at atten-
uator settings 7 and 8 agree closely with the microphone char-
acteristic curve, attenuator 6 at 100 db apparently compensatzs
well and providzs optimum response. By noting the position of
the V.U, meter during calibration, it was possible to select
attenuator settings in the field 30 as to record at this same
level. thereby assuring input corresponding to the calibration
at attehvator 6. This removed any necessity for compensation
in the analysic. All 120 db field calibrations were made at
attenuator 8 fro ccrrespond with the cvptimum recording level
equivalence of 100 db at attenuator 6.
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5. The recording technique was:
a. Record 121 db 400 cps tone generated by calibrating speaker
at atrenuator 8 (equivalent to 100 db at attenuator 6).

b. Adjust attenuation in actual noise field such that V.U meter
veading closely approximates that during calibration.

]

Make recourdings, insuring that:

(1) Neither technician nor equipment provides undue shield-
ing from, or reverberation of., subject sound.

(2) Microphone does not make direct vhysical contact with
vibrating structure.

(Figure 4 shows the test equipment rmounted in the back of a
truck for externmal noise level testing.)

Analysis

In describing noifse, it is necesseary to specify both amplitude and
frequency. Since the audio range is quite broad, it is .ften con-
venient to deal with groups of frequencies and integrate the ampli-
tudes. Perhaps the mort coummon audio frequency grouping is by
octave bands. All data taken in this program was analyzed Ly play-
ing the tape through a General Radio Type 1550-A Octave-Band Noise
Analyzer, utilizing the re orded calibration cone at 400 cps for
reference and reading the sound pressure levels ia the 20-75, 75-150,
150-300, 300-60C, 600-1200, 1200-2400, 2400-4800G, 4800-10,000 cps
bands.

When it {8 necessary to identify pavticular noise sources of discrete
frequency and to determine thefr intensities, it is then necessary to
turn to more complex equipment. The analyses required for this por-
tion of the program were carried dut on a Technical Products Wave
Annalyzer (FPigure 5) consisting of a TP 626 Oscillator and a TP 627
Analyzer, with output recorded on » General Radio 1521-A Graphic Level
Recorder. Figure 6 shows a block diagram of this system which is
nasically a heterodyne type in which all filtering is done at a
irequency of 97 kc with bandwidths cf either 2 cps or 20 cps available.
The fiiters have cptimum characteristics as displayed by Figure 7,
which shows the high rejection and fiat top required for best
analysis. Means are available for selecting time constant and paper
speeds to permit optimization of the record presentation consistent
with faithful results.




IIT. TEST 1 - DETERMINATION OF EXTERNAL NOISE FIELD

Thie purpose of this test was to determine the shape and intensity
of the noise field surrounding the aircraft for the purpose of
identifying noise sources and defining problems which might affect
those persons required to work in the area immediately adjacen.

to grouud operations.

In each case the aircraft was either hovered in ground effect (for
helicopters) or run at cruise power (for fixed wing aircraft) while
records were taken at given radii from the intersections of center-
lines of longicudinal symmetry and power plant.

Records were taken at the lccations shown in Figure 8 with the
following exceptions:

H-37 & YHC-1A 50 ft radius (Points 13, 14, 15, 16) -
omitted due to proximity to aircraft.

Doak 16 and Data for the two VIOL aircraft are given

Vertol 76 on a 100 ft. radius in Figures 19 and 20
because of previously mentioned limitations
in the amount of such data compiled.

Doak 16 Points 12, 1, 2, 3, and a point halfway be-
tween 4 and 5 were the only ones obtained
because of limited aircraft availability.

All data taken are tabulated in Appendix II, pages 242
through 306,

Since the 200 ft. data geacrally give the clearest definition of
the sound pattern,these data are presented in polar plct form in
Figures 9 through 1¢.

IV. TEST ? - TAKE-OFF AND LANDING NOISE

Noigse levels generatad by aircrafi .uring take-off and landing
procedures are significant both from the standpoint of insuring
safety for airbase personnel and alsoc from tactical considerations,
particularly with regard to helicopters which may often be required
Lo vperate vut uf uuprepared sites in combat .ceas where minimum
detection 13 essential.

Records were made during take-offs in which the aircraft were
required tv clear a 50 ft. (imaginary) obstacle in 250 ft., and
normal landings at the lecations illustrated in Figure 21. In
the case of fixed wing aircraft, landing noise was found very low
and is not considered.




it should be kept in mind that the sound pressure levels shown in
Figures 22 through 33 and data presented in Fages 264 through 275
are the maximum recorded and do not necessarily occur at the same
instant ip time, but represent a profile ot the maximum levels in
cach band during a given operation,

V  TEST 3 - GROUND LEVEL FLIGHT NOISE

The ease with which an aircraft can be detected from the ground
often determines che operational limitations which may be imposed

v vperations in hosrile areas. Obviously a vehicle which makes

its preseace known long before actual arrival,places itself in a
vulnerable position by permitting the encmy maximum time to

prepare countermeasures. Noise, therefore, can become a limiting
factor to the proximiiy which an observation aircraft can approach
or the minimum speed at which it can fly in carrying out its mission.

In the case of troop~carrying aircraft, where maximum surprise is
important, the distance from the enemy at which troops may be safcly
disembarked is a function of the dectectability of the aircraft.

llere asain exiernal flignt noise may iimit the effectiveness of

the "Sky Cavalry' concept.

During this rest each aircraft was flown at its basic design cruise
speed and at various altitudes from 25 to 500 ft. and at horizontal
distances from 3 to 500 ft. from the micruphone, as illustrated in
Figure 3%4.

Although operation beyond 500 ft. is also most important, it was
fund that under the ambient conditions available at the test sites
(particularly due to operation of other aircroft in the area) much
data would be contzminated Extrapolation of the data Obtained to
much greater distances, however, is retatively simple and could be
carried out. Reference 1, for example, outlines the analytic method
for such predictions.

Unce again the ociave band analyses, Fipures 3> through 66, and
Pages 7,5 through » .7 are the maxima indepenant of time or position
of the aircraft.

VI. TEST %5 - INTERNAL NOISE LEVELS

Flight sound pressure levels were recorded in each air:iraft, the cest
procedure beirg identical with those used for ground work. In each
aircraft, records were made at the pilot's ear location and where
applicable, at passenger locations during typical flight conditions
including hover, take-off, cruise, high speed forward flight, and
autorotations. At the cruise condition, records were made at many
locations iun the aircraft, in order to identify sound sources and to
provide informat.o.: required to proportion acoustical treatments
properly.
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Most of the aircraft were essentially in an "as delivered'" configuration.
In some cases, however, this was not the case, and where deviations from
the standard configuration occurred, they are noted.

lllustrations showing microphone locations and internal sound pressure
levels are presented in Figures 67 through 103. All data are tabulated
on Pages 288 through 306

VII. NARROW BAND ANALYSIS

cr to determine which components (propeller, rotor, gear box,
power plant, etc.) ave the prime contributors to either overall or

any specific octave of the total noise, it is necessarv to do a discrete
frequency analysis. The equipment used for this work was described

on Page § ; its output is automatically reproduced in strip chart form.
Figure 104 shows a portion of a typical chart and iilustrates how pre-
dominant source identifications can be made. Several of the larger
peaks are immediately identifiable with harmonics of engine and main
rotor frequencies, E and M respectively, while the subscript denotes
turmenic order. Note that with a six-cylinder four-stroke engine such
¢ sed in the u-13, three cylinders receive a power stroke with each
ctoukshaft revolution, As a result third harmoric and multiple integers
of it are predominant. Harmonics shown have been identified Ej and Eg.
Also identifiable are multiple integers of the two-bladed main rotor,
Mg, Mg, and Mjq.

e
[

Figures 105 through 135 presert charts made from internal and external
recordings in each aircraft. Internal locations were selected to
provide maximum information regarding noise at pilot and passenger
locations. External locations were selected from Test 1 data at the
azimuth of maximum oveiall noise.

The finest filter (2 cps Bandwidth) waes selected in order to preclude
masking of sources generating frequencies close to each other.

This collection of data is considered to be essentially an inventory
from which more detailed analyses may be made without recourse to
field measurements, and much of it will be utilized in the latter
tasks of this project.

-11-




ESTABL1SHMENT OF ACQUSTICAL CRITERIA

1. INTRODUCTION

This section covers Task II and dealz primarily with the subjective
rrsponse of pilots to aircrafi :oise and the correlavion of these
responses with measured data.

It has been well established, by several investigators, that human
hearing is frequency sensitive, i.e. equal sound pressure levels do
not sound cqually loud at all frequencies. The work of Fletcher and
Munson (Kel. Z, Py. 399) is generally accepted as one of the more
fundamental in this area. It is thus cbvious that suitable consider-
ation of frequency, as well as absolute level is required since

human reaction to noise is a subjective response and criteria based
on measurements or medical limitations alore will not necessarily
result in pilot satisfaction.

The approach taken in this situdy was to go Lo Army pilots themselves,
by means of an opinior survey, to correlate their responses with
fiight data, and thue arrive at a preliminary specification limit
vhich represents an envelope of sound pressure levels (at varicus
frequencies) which the pilots are willing to tolerate. This prelim-
inary specification is then reviewed in the light of known medical
and psychological limits to ensure that the limits set by the pilots
.nemaclves are not injurious.

Tn order to assure that a specification which satisfies the above
rcoulrements 18 realistic with respect to the penalties which its
application might impose, sample calculations will be made of the
acoustical treatments which will be required. Finally, estimetes
of the ccncommitant weight and performance penalties will be made.

11. PILOT OPINION SURVEY
Survey Design

The fundamental concept of the pilot opinion survey was to extract
from the men who operate the aircraft their opinions regarding the
noise environment to which they are exposed, and in what manner, if
any, uoige adversely affects thelr performance. A sccond objective
was Lu ascertain the upper limits which -an be tolerated.

Since 1he Task ! work included measurements made at pilot's ear level,
correlation between commeat cbtained on the actual aircraft tested
and the recorded daca can be used as the basis for transforming
abstract vplnivn lnto numbers.
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Survey design and wording is, in itself, a technical specialty. Many
instances of irvalid couclusions have resulted from improper wording
and/or a format which tends to lead responses into a given paiiern.
n crder to ensura compliance with the latest thinking in public
opinion sampling, an expert in this field, Dr. Roy Hackman, Professor
of Psychotogy, Temple University, Philadelphia, Penncylvania, was
retained in an advisory capacity througbout the phase of work dealing
with survey design and evaluation. Dr., Karl Rryter and Mr. Laymon
Miller of the acoustical consulting firm Bolt, Beranek, and Newman
also consuited on question content.

The survey itself, which is reproduced in its entirety in Appendix IV
was forwarded to TKECOM, and from there to 249 pilots in 14 units.
(See Appendix V.)

Resulcs

YUpon receipt of the compieted surveys each question was tabulaced by
dividing the response scale into ten equal parts, by means of an
cverlay as indicated by the dotted lines shown in Appendix IV. The
responses, along with information regarding the respondents base and
fiight experience were tien punched in IBM cards. A cruss tabulation
of response rating againat aircraft was then made for eacu question
and the mean tating determined. The rating distributions are shown
in Figs. 136-14% with the location of the mean indicated by a dotted
bar. These are also indicated by the locations of the check marks on
the samplie survey of Appendix IV.

The questions used in the survey follow with a bri.. explanation of
each

Question 1. Hearing loss and Discomfort

"Dc noise levels in the following aircraft cause you any tempor-
ary hearing loss, discomfort, or pain during or after flight?"

This question which is interded to probe such problems as temporary
hearing loss and similar seasations which are often reported in terms
uf hearing the noise for hiours (or in some cases days) after the
£light  From Fig. 136 it can be seen that only the large heiicopters
such as the H-21, H-34, #nd H-37 evoke any comment irdicative of
difficuley.

Quesgticn 2 Speech Interference

"Do you encounter difficulty in conversing with other wccupants
without the use of 1aterconmunication equipment?"

In general,pilots were mere critical of this factor than of auny other
specific manifestation of noise on which they ware grestioned. Only




the L~23 and #U-1» (Fig. 137) were actually classified in the no
problem area. Cowmparison with Fig. 136 shows that although the

relative rankiungs with regard to both Questions 1 ard Z are similar,
the range is greatly extconded.

Comparisun with measured data and calculated speech interfereance
levels will be found in Section 1IV.

Question 3. Radio Communjcation

"Do you euncounter any difficuity communicating via either radio
or intercommunicatior equipment?"

Lvidently radio communication is not a factor to be considered in
evaluating alrcrafc noise problems. Several writ:-. comments,
however, did criticize specific radic =quipment as being technically
vaferiot and therefore harder (o understand.

Question 4. Judument

"Does the noise, in the following aircruft, make it more
difficult for you to make decisious as quickly and accurately
as usual?"

This is a rather delicate question no mattes how carefully phrased,
and it wight be assvmed thar a reluctance to admit difficulty in
making judgments would affect the answers. Research which has been
done in this area, however, generally te.ds to substantiate pilot
statements. In Refercuce 3, Chapter 10, Broadbent reports that
choice and judgment tests run at 90 db and 115 db noise fields
showed no difference and that performance of intellectual tasks was,
tf anything, slightly faster in high noise fields.

Question 5. Coordinagion

"Does the noise, in the following aircraft, make coordination
and actual flying more difffcult for you?'

This quesiion and .. expecred responses are in many ways analogous
to those of Question 4. Once agal), however, experimental data
supports the pilots copmeuts. Reterence 3, Chapter 10, also reports
no ettects on reaction tine, body sway and similar responses in
tests Of simulated aircraft noise up to 115 db.

Cuestion 6.  Fatigue

"Does the noise in the aircraft make you feel tired?"
When discussing the manifestations of noise with pilots they often

refer to fetigue. Actually it {s virtually impossible to separate
the indcpenaent effects of nolse, vibration, and flying qualities.
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From the vesponses to this questicn it is evident that while the
jarger helicopters are more tiring to fly there are nc strong con-
vivsrons which way be drawn.

Quegtion 7. Noise

"Rate the following aircraft with regard to your opinion of

its general noise environment."
Seodgti b Suspucte, this is the fendamental avestion of the entire
survey. The opinious were well spread and, as will be discussed
in Section IV, form the basis for tue actial specification determin-
ation.

Ouestion 8. Vibraiion

"Rate the followiny aiveratt with regard to your opinion of
o
physical vibrarion *

Sincc noise and pnysical vibration ofteu produce similar reactions
che informacion gained from this question will be used to separate
the factors and thus preclude possible errors in judging the effect
of noise alone on pilot comment.

Pilot Experience

In evaluating survey respcases twe factors which might color the
pilot comments were irvestigated. Firstly, the answers from each
base were evaluated against those of the composite group. Any
bases with significantly poorer ratings than the others would have
been discounted as an assump.ion of either a morale or equipmeut
problem. Actually no such deviations were required and all bases
were included.

Secondly, coansideration was ;i en to pilot experience and its effect
on validity of comment. Provision was made in the program for in-
clusion of expericnce weirbting tactors. To invectigate this nara-
meter piiot flight experieunce s presented in Fig. 144 was examined.
Based on tctal experience, the mean experience (X) was found to bz 360
hours and the standsrd deviation ( @) 547 hours. The group was rhen
divided into three experience groups:

Averags =X + 120
Inexperienced <X - 120
Experienced >X + 2@




Reunding these numbers off to X = 900, and ¢ = 600, the groups
would divide:

Average = 600 - 1200 hours
Inexperienced < 600 nours
Experienced > 1200 hours

As iillustrated in Fig. 145, Question 7 was examined for responses

to two alrcraft (L-23 and H-21) and one aircrait (H-21) was examined
for two questions (1 and 7) by experieace group response. Examin-
ation of Fig. 145 leads to no consistent couclusion regarding the
type of auswer which may be expected fiom a given group, hence all
auswers were given equal weight.

Subjective Evaluation of Responses

1t is perhaps obvious that if one were able to ask precisely the
right question of the right group, only one question would be re-
quired and the sample could be quite small. Unforiunately one can
have no assurance prior io the survey itself, exactly which questions
will prove most valuable. Therefore, it is necessary to ask several
questions and then edit them on the hasis of usefulness of response.

the prinarv objective of the survey was to determine the limit of
pibt acceptabilivy with vegard to aircraft noise. In order to
asceitain this, it is necessary to establish where the subjective
center of the rating scale (i.e. the division between acceptable
and unacceptable) lies.

To establish such ..mits one can use only those questiouns which show
a gredl enough diversiiy ui cresponse to show both favorable and un-
favorable pilot comment for at least gome of the alrc.aft tested.
Taking those aircrafi «ith distributed responses, and summing the
response distributions, will yield 3 composite distribution cucve of
responses to that questicr which resulted in diverse pilot commenc.
The mean value of this new curve would then be the subjective center
of pilot opinion for that question, or the divisicn point between
acceprabilicy and unacceptability. Distributions of this type are to
be found in respunses to Questions 2, 6 and 7. As will be ghown in
Section III., Questions 2 and 6 evoked less critical and significant
angwers than did Question 7 and only che latier will be discussed
here.

Examining Fig. 142 it 1 evident that reasonahly normal distributions
were vbtained for the L-20, L-23, U-1A, KH-13, and H-23 with good
division and distribution of responses. Thus the limit of accept-
ability, or criteria, is to be established from these five of the
seventy-two ratings given.




Suming the responses of the above wentioned five aircraft at each
rating and establishing a newv mean. based on the summed data, estab-
lished the value 5.8 as the subjective center c¢r limit of acceptability.
That is, all alrcraft with ratings lower than 5.8 are assumed unaccept-
able and all those rating higher than 5.8 are assumed acceptable to

the majority of Army pilots.
ZII. CORRELATION WITH MEASURED DATA
Develcpment of Specification

it now remaing te take this acceptability limit of 5.8, and, utilizing
data which was measurec at pilot ear level in the same zircraft for
which the limit was established, convert these opinions intn measur-
able acoustical data. As previously mentioned, the human being is
quitc frequency sensitive and his evaluation of a given noise environ-
ment will not be reflected by sound pressure level alcne. This has
iong been recognized nnd several subjective ratings have been escab-
lished. One of the fundemental ones is the expression of Loudness Level
as defined by S. S. Stevens in Reference 4. In order to assure the
best ucssible statistical correlation between pilot rating and measured
data, the 5.P.L. in each octave band was converted to loudness in sones
ard then plocted for each octave hand, the point having been defined

by the noordinates of mean pilot rating (abcissa) and loudness level

in the ovctave band (ordinate). The best straight line is then fit

to the data by the method of least squares (Reference 5). By entering
the resulting chart at the limiting rating of 5.8 one can read ouf

the corresponding limiting loudness levels (Figs. 146 through 149).
This 18 then converted back to sound pressure lcvel in db to establish
the final criteria.

it shruld be pointed out that the same procedure could have been
applied directly tc sound pressure level and would have yielded the
same resulis. The reason for using the subjective rating was to
preserve physical sense in the numbers as relaied co physical response.
Fig. 150 presents ihe envelope of pilot acceptance in terms of both
sound pressure level (db) and loudness (sones). In order to permit
direct application to measured data only the db scale will be utilized.

Application of similar mechods to Queastiors 2 and 6 would have resulted

in the criteria shown in Fig. 151, thus confirming the earlier state-
ment that Question 7 yields the most critical specification.

Significance of Response
Responses to all questions are ranked in order of pilot preference,

and the mcasured data ranked in order of acceptability. A feeling
for the correlation between pilot opinion and measured data can then
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be gaincd by the &pplication of Spearmans rank correlation
cocefficient, Reference 6, Page 685.

0.—.1-.6__2..9_2_.

/ N(NZ-1)
A [ . . . :
/3 = correlation cocfficient
TaY . ' . :
D = difference in rank between paired
iters in the two series

e

I murnber of ranked grouns

It can easily be seen that if, for example, the ranking by pilot

and data were exactly the same for all aircraft, that 3D2 would
be zere aud = 1 or, in other words, perfect correlation would
be obtained. Generally a , greater than 0.75 is quite significant
and one larger thar (.90 indicates extremely strong corvz'.lion.

Fig. 157 presents the Spearman rank correlation coefficient obtain-
ed in each octave band. Note the extremely high correlation
between pilot comment ana the sound pressure levels in the highest
tiree bands. This indicates that the pilot comment is based
entirely on the high frequency rolse content, as is even more
strongly evidenced by the very pooi correlation in the lower octave
bands which are evidently playing no role in the evaluation.

Correlation between Faiigue, Noise, and Vibration

The rarnk difference correlation coefficient canr alro be used to
evaluate the significance of relative ratings oliuined from responses
to different guestions as well as for correlating subjective corre-
lations with data. This technique is especially valuable in eval-
vating the response to Question 6 regarding fatigue.

In discussing airzrzft noise problems one often hears the statement
that noise is extremely fatiguing. Although this statem=nt is
undeniably true it must be recognized that physical vibration, as
well as other factors,also directly affect fatigue. Indeed there
is added confusion regarding thc ability to senarete the effects of
airborne sound with thet caused by phyaical vibrat.un of the var
mechanism. An interesting insight, 1t not clarification, of this
problem is afforded by determining the correlation coefficients for
relative rankings of Question 6 (fatigue) with the rankings of
Question 7 (noige) and Questicn 8 (vidbration). In both cases f’ =
.934. This indicates that either the pllots are unable to distin-
guish between noise and vibration as primary in inducing fatigue,
or that the vibration levels and noise levels of the different
aircraft have perfect ccrrelation with respect to each other. Vib-
ration measurement was not within the scope of this program and
thus no definite conclusion can be reached except the obvious

cne that is is not possible to directly attribute pllot fatigue
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problems to ambient noise. Further research in this area which could
ve carrvied out utilizing the vesults of this program in conjunction
with recerded vibration date would prove most beneficial in resolving
this question.

1V CORKEiATION WITH EXISTING STANDARDS
Correlation with MIL-A-8806

Mititary Specification MIL-A-8806 (ASG), 25 October 1955, entifled
"A oustical Noise Level in Aircraft, General Specification for®

p ovides irternal sound pressure limits which are generally invoked
in detail aircraft specification negotiations by the military services.
One ot the purposes ol this study is to examine the applicability

of the speccification to the specific types of aircraft and missions
being flown by the U, S. Army. Perhaps the greatest operational
chauge since the adoption oi this specification is the ever increas-
‘ng use of rotary wing aircraft, which provide a noise enviromment,
and require pilot perfoimance of a nature wnich probably did not
meric full consideraticn in the jast.

MIL-A-8806 specities maximum noise level envelopes for four different
flight conditions:

Table 1 - Maximun continuous power
Tabie LI - Short duration conditions

Tabie III - Maximum continuous power with
prot2ct v 2 I oumets

Table 1V - Normal cruise power

The results of thic study are mosit directly comparable with the
speciftcation of Table IV since th: pilot opinions are hased on their
integrated flight experience which would be predominately cruise,
Fig. 153 shows the comparigcn between the results ct the subject
study and rhe limits prescribed in Table IV of MIL-A-8806. It
readily shows that the Army pilots require additional relief at the
higher trequencies than 18 aifor<ed by the currently appliceble
gpecification. It would also appear that the pilots indicate that
aircraft which in the lower frequercy bands are eveu in excess of
those currently permitted cculd bz completely acceptable to them.
whether they should, in fact, be permitted to subject themselves to
such pressure levels will be discussed in the following sections.

Dividing the aircrafc into two groups acceptable and unacceptable as
defined by the borderiine rating of 5.8 and comparing the spectra
scatter-bands with: 1) the existing specification and 2) the pro-
posed revision as shown in Fig. 154 clearly shows, once again, that




indeed it is only the higher frequency components which display clearly
defined differences. ©Note the area of unsatisfactory aircraft which
are currently acceptable by specification tut would require additional
soundproofing to satisfy the revised requirement.

It is interesting to note that most of the alrcraft tested did not

even meet the currently applicable MIL-A-8806. While it is probably
true that gome of them were not procured to this specification it is
suspected that in normal military usage the sound reducing treatments
and installations deteriorate rapidly and, since relatively small noise
ivaky can greatiy reduce cthe erfectiveness of any treatment, the pilot
in the field is generally not being afforded the environment which
exists at the time the alrcraft is delivered.

It can also be seen that none of the helicopters are able to meet the
low frequency requirements of 104 db in the first three octave bands.
This is due to the high pressure levels generated as rotational and
vortex nolse frem the lifting rotors. Apparently at the present stage
it i3 necessary to grant deviatlons from this specified limit for
rotary wing aircraft.

Correlation with Medical Limits

Much work has been done by many researchers Lo establish the effect of
noige on hearing impairment. A great part of this has been with regard
to industrial noise and its effect upon workers. Recent interpreta-
tions of liability under workmeas' compensation laws makes it mandatory
that each operation be evaluated in the light of its noise environment
and -ated against potential for producing hearing difficulties. Wher~-
ever envirouments are found which exceed safe limits these situationa
must be remedied or else protective devices such as ear plugs, sound
attenuating headsets, and the iike must be employed. References 7
through 12 report some of the work which has been csrried out in this
field.

The military too have had their noise problems and have also conducted
research in this area. In order to establish the view of Lhe U. S.
Army on this matter a meeting has held wich Major James Allbrite,
Directur, .. R. Edwin Shutts, Assistant Director and Mr. David M.
Resnick, Supervisor Bioacoustics Section, Army Audiology and Speech
Center, Walter Reed Army Hospital, Washington, D. C.

It was decided tha: the establishment of a criteria would Lave to be
based on the following assumptiona:

1. Average daily flying time is 4 hours.
2. No heluwets or headsets are worn.

3. No allowance is made for axtremely susceptible individuals
with regsrd to nuise induced hearing loss.
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Based on these assumpticns it was recommended that noise levels above
300 cps should nor exceed 95 db re 0.0002 dynes/cm?. With regard to
noise levels in the lower thiee octave bands no absolute recommenda-
tion was given. It is noted, however, that the higher frequency limit
coincides with that of Fig. 18.6, Reference 10.

It further appears that loss of hearing of Acmy pilots who are flying
aircraft which comply with MIL-a-8806 have constituted no rcal problem
and that the existing specification itself represeuts at least a
satisfactory although perliaps slighitly conservative upper limit.

Correlation with Other Acoustical Criteria

It 1s perhaps obvinus that if one were able to come up with a ringle
number which would erpress the iuvudness, or noisiness, or annoyance of
a given noise in a sincle number, this number would then become a very
convenient method of expressing a specification.

There have been several attempts made to arrive at such indexes and
it is necessary to investigate their applicability to the problem in
order to determine what form the final proposed specification should

Lahe.

Ihig can best be done by determining the ranked correlation coefficient
between pilot rating and cach of the evaluation methods.

The following ratings were 1nvestigated:

1. Overall noise level in decibels

ro

Speech interference level (defined as the arithmetic average
of the sound pressure levels in the 600-1200, 1200-2400,
and 2400-4800 cps octave bands, Reference 2).

3. Loudness level ir phons (Reference 4).
4. Perccived noise level in PNdb (Reference 13).

For Question 7 responses these compare with the sound pressure levels
in the vop three bands by themselves as shown in Fig. 155.

Obviously then, a simple octave by octave criteris in the high fre-
quencies better supports the pilot opinions than do any of the comvon
rating systems, and tihcrefore aun octave band envelope as currently
used in MIL-A-8806 is recommended as the best form for future noise
level specifications.

One of the problems encountered in applying the above ratings is the
presence of Jiscrete frequency or pure tone components such as may
be genvrated by highly loaded gearing, gas turbines, and the lixe.
These are often difficult to define in terms of analytical numbers




even when narrow band gpectra (Figs. 105 chrough 135) are available.
Many researchers beliave, however, that the tolerance to such pure
tones is about 10 db less than for that of & multifrequency noise.
The airrraft rated were reviewed in light of Figs. 105 through 135 as
well as known primary gear frequencies, compressor frequencies, etc.
and 10 db was added to any octave band believed to have its level
determined by a single frequency and the correlation with loudness
level and PNdbL recalculated. Loudness level increased from ~-.26
to +.18 and PNdb from -,13 to +.67 (Fig. 155). It should be stated
that the authors of Reference 13 make no claim of applicability of
theit tailuyg tu auythling other than externai aircraft noise, uowever,
with proper adjustment this raiing method appears more applicable
tiian loudness level.

Loudress level was originally determined on the basi: of apparent
Ioudness of different frequencies while perceived noise level was
determined on the basis of noisiness or annoyance. This difference,
although subtle, 1s evidantly quite important in evaluating pilot
reaction.

It remains obvious, however, that at the preseul time no single
rating number system exists which will correlate as well as the sound
pressure levels in those octave bands which are determining the pilot
comment .

Preposed Specification

Fig. 156 chows: 1) the limits impcscd by MIL-A-8806 Table Iv, 2)

*e medical limitations acceptable to the Army Medical Staff, and 3)
the environment which the pilots have indicated they should have. If
MIL-A-8806 is also accepted as a low frequency medical limit then it
appears that at frequencic: Leiuw 0UU cps the pilots will permit
higher scund pressure lavels than are safe and the cxisting specifica-
tion should be invoked.

Abuve 2400 cps, however, the Army pilots feel that they require
avout 7 db lower noise field ihan is currently afforded.

It io therefore proposed that the limits presenred in Fig. .57 be
invoked in procurement of future alircraft intended for use Ly the
United States Army.




V. APPLICATiION TO AIRCRAFT INTERIORS

Design Principles

To iasure that the specification proposed in Section IV-D is realistic
in that it will not impose unreasonable weight penalties, approximate
souad reducing treatments will be developed for the following represent-

ative group of Army aircraft:

Power Plant

Desia:letin Number Type Rotor{s)
H-21 Shawnee 13,900 1 Reciprocating Tendem
H-23 Raven 2,700 1 Reciprocating Single
H-37 Mojave 30,842 2 Reciprocating  Single
HU-14A Iroquols 5,383 1 Turbine Single
YHC-1A 15,750 2 Turbine Tandem

in any calculaticn of the soundproofing for an aircraft cabin it becomes
essential to maintain the weight of material to an absolute minimum in
order that the design mission of that aircraft be efficiently accomp-
lished. Of necesrity this weight must be consumed either directly in
payload, or inairectly, in the mission range.

In order to arhjeve an optimum design, much information is required.
First, there is no substitute for & complete acoustic evaluation of

the untreated aircraft. Such a study should include sound pressure
levels rerorded inside aand outside the fuselage, skin vibration studies,
and application of other special techniques such as the construction of
compartments within the aircratt to aid the study of airborne sound.
There must be available completely detailed information regarding such
items as fuselage construction, equipment, ducting irstallations and
power plant mountiung, etc. Detailed studies of this type are extremely
costly and time consuming, and are beyond the scope of this effort.

It is possible, however, to arrive at a reasonably accurate estimate cf
the general ndture, and therefore weight, of a treatment which will
achieve the desired objectives using only data which was obtained during
Task 1 measurements.

Structural changes to the aircraft will not be considered as part of the
desiyn objective. Where acoustical materials presently exist and where
furth:r noise reduction is necessary, recommendations will ba made for
additional sound proofing material to be added; and, where blankets do

. t exist at »ll, suitable treatments will be designed. However, before
determining the noise reduction required in each aircraft, it is necessary
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to first define those terms used in the calculations. In addition,
some discusston of the acoustical blankets and their p-operties is
necessavy.

Nerse reduction, or the actual sound pressure ievel attenuation
achieved Ly introducing a barrier in a noise path, is less than that

ich would e predicted by transmission loss alone and is generally
writrten:

Nk = TLy * Cq + Ca
wlivic s = Nolse Keduction
TL, = Refervence transwission loss
Cy = Correction for tvne of receiving space

(alwavs negative)

(¢]
I

a = Correction fer ambient conditions (positive
or negative)

A more thorough discnssion of this concept may be found on Page 78 of
Reference: 14, In the case of the types of aircraft included in this

study, C, 1is generally very small due to relatively limited temperature
and alticude extremes, and will be discounted.

Iransmission loss may bec described as the difference in sound power
level measured at each side of che wall shown in Fig 158. The wall
is assumed to extend sutficiently so that all pressvre waves radiating
from the source, S, must pass through the barrier B-B in order to
reach Receiver, R. In addition, no wave reflections are allowed to
retura to the receiver, 2nd this restriciion i{s usually achieved only
in free space or in a specially designed nonreverberant (anechoic)
chamber. The sound intensity measured in a chamber which is reverber-
ant wili be somewhat higher than this and the noise reduction will not

equal the transmission loss but will be resulringly lowsr %¥ an amcuut,
Cn

NR-TL, = C_
Cn is a correcrion which is & function of, among other things, the
receiving space s’ ze, stiffness, and ebsorption, and is always negative.
hat ig, 1f cthe receiving space charactevistics are not anechoic, the

nofse reduction achieved will be lese than the transmission loss
cthrough the panel itself.

Transuission loss is achieved either by addicicn of mass or by use of
certain waterials which have other means of attenuating acoustical
energy, generally by friction. The most common matertal used in
aircraft is Fiberglias, and all designs in this study will be based on
Type PF-105 which is a grade commonly used in wmilitary and commercial
alrcrafc. Iransmission loss for this matevial is shown in Fig. 159.
Since Piberglas is effective only at the highei frequencies it is
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generally necessary to add mass to the treatment in order to satisfy
lower frequency requirements. in addition to reducing thz noise com-
ing through the side wall it is necessary to reduce the reverberation,
or echo. by use of an absorptive calbin lining. It is often possible
to do this by utilizing the same blanketing employed for building up
the transmission loss. This is achieved by construction of a blanket
consisting of an impervious septum of some material such as vinyl
film, and a Fiberglas blanket covered with a suitable porous trim.

In cascs where very large attenuation is required the impervious sep-
tum may actually be an aluminum sheel and a douhle wall Fiberglas
filled construction erployed. In such cases, it is necessary to add
an additional absorptive lining, but whenever possible, absorption is
provided by the same blanketing employed tor transmiseion loss.

An optimum transmission loss-weight combination should be used for an
efficient design, and to insure proper gelection of the blanket it is
valuable to plot T.L. as a function of weight. To do this, is is
necessary to know the transmission loss which can be expected for thc
blanket material considered for each frequency. Several thicknesses
and therefore several weights ere shown in Fig. 159. 1In addition
Fig. 160 gives the transmission loss which may be expected from the
ma3s prcpertics of limp panels and Fig. 13.7, Reference 14, those of
a rigid septum as a function of the surface weight, (g), of the panel
or septum, a3 well as the frequency, (€;, incident upon it. It is
valuable to consider several blanket-septa combinations and to plot
the transmission loss as a function of weight. This is shown in

Fig. 161 and 162, each curve representing individual octave bands with
like symbols representing similar septa thicknesses and like shadings
representing similar Fiberglas thicknesses. Fig. 161 predicts the
transmission loss for a limp-panel blanket, such as vinyl-backed, while
Pig. 162 is for a rigid (aluminum) panel. Tables I and II show the
detail numbers snd identify the symbols of Figs. 161 and 162 respec-
tively. Thus, all that is necessary to obtain the optimum blanket-
septum combination to give the grsatest noise reduction for the least
weight is a knowledge of the noise reduction required in each of the
octave bands. As an example, consider the following conditions:

It is desired to achieve a 20 db transmission loss in the 600-1200
cps band through a cabin sidewall with a blanket-septum combination.
Referring to Fig. 161, it is seen that for a 20 db transmission loss
the optimum blanket weighs .257 1bs/ft2 and is represented by the
symbol € . Referring to Tabls I, note that this symbol indicates
a combination 0.016' vinyl septum with 3" of Fiberglas. Also, it
may be seen that approximataly the same transmission loss (21 db)
could have been obtained at a significantly higher cost in surface
weight (0.28 lbs/ft2). Thus, the optimum weight-transmission loss
ratio is readily appareat.

Some dif7icul:y may be encountered in achieving efficient noise reduc-

tion in the low frequency bands where the glass tiber material becumes
ineffective in providing the required transmission loss. 1In these
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lowest octaves (2075, 7% 15C znd 150-300) noise reduction by mass
properties alone is the ouly practical means of obtaining the required
transmission loss. Even this approach leaves much to be desired from
a welght stand-point, and in order to realize a 10 db noise reduction
at a frequency of Z!0) cps (center frequeacy 150-270 cps octave) a su.-
face mass of .547 lbs/ft2 is required. This, converted into an aluminum
sheet, represents a thicknecss of about .040". At half that frequency
(105 c¢ps) a similar noise reduction requires a surface weight of 1.1
1bs/ft2 or approximately 0.180" thick aluminum sheet. In the 20-75 cps
band (39 c¢ps) a 10 db reduction requires 2 9% ihe/fFr2 or 0 208" phick
sheet aluminum. In many cases it i1s not practical to consider such
drastic treatments and at the present it appears that noise reduction
at the lower frequencies will have to be achieved at the source rather
thau by conventional sound reducing treatments. Until such reductions
are achieved it will often be necessary to grant ucviat:ions below the
306-600 cps band and such deviations will be assumed in some of the
followliuyg designs rather than pursuing & completely academic and im-
praciical treaument.

Design Application
1. General

In order to examine the sources of noise in an aircraft cabin and
isolate those sources which are determining factors in setting noise
levels, it is necessary to have a knowledge of three qualities relat-
ting these sources. These are: (1) frequency, (2) sound pressure
level, and (3) location. These may be determined in part by plotting
the sound pressure level for variou~ ~ ° lications along the longi-
tudinal as well as transverse axs .. ‘.¢ fuselage. With this infor-
mation it is possible to determine which frequency predominates in
eacih area of the aircraft. Furthermore, it 1is necessary to identify
these frequencies with their respective sources, so that, where re-
quired, specific treatments for soundproofing may be prescribed. This
identificatfon process is accomplished with the aid of the narrow band
(continuous spectrum) analysis,Pigs. 105 135. Fundamental frequencies
and harnmonics for each suspect noise source can be calculated and
identified wich the corresponding frequencies shown on the narrcw band
analysis. These are presented in Fig. 163 through 171.

2. H-21

The sound pressure level in each octave band has been plotted for
various cabin locations along the longirtudinal axis of the fuselage
(see Fig. 175) in order to identify those noise sources which signif-
icantly contribute to the interior noise level of the H-21. The
identification numbers refer to those presented in Fig. 80. Fig. 172
a and b show the sound pressure level variacion along the centerline
ceiling, centerline ear level, centerline floor level, sidewall, and
drive shart locations.
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It will be necessary to design or improve local area treatments for the
forward transmission, ihe existiug curtain which closes off the aft end
of the cabin, and the drive shaft guard. It will then be possible to
design a general treatment for the cabin sidewalls which will result

in attaining the desired specification.

Forward Transmission

The noise level associated with the forward transmission is presented
in Columm 1 of Table IIT and was measured at Position 4, Fig. 80.
Refzrence to Figs. 163 and 164 show that forward tranmsmission aoise
is predominant in the 600-1200 cps band. Since Location 4 shows the
highest levels in this pand, measurements at this location will be
used as typical of the forward transmission.

Since the forward gear case is directly adjaceut to the pilot, the
enclosure must be designed to attenuare airborne noise to the specified
level (Column 4).

Column 2 of Table IIl shcws the weight of treatment required and
Column 3 that predicted as selected from the chart of Fig. 162.

In order tc achieve the high T.L. required, care must be taken to
insure no leakage, since even a very small amount will render such
treatment relatively ineffective. It is expected that a similar sur-
face weight of soundproofing material w.ll be required for the forward
bulkhead area to insure an efficient noise seal in the cockpit.

TABLE I1I
FORWARD TRANSMISSION
ngﬁze Inf%&al Rezzzrzzils;::dict:d §§8;Z?£;Z§?§
1 2 3 4
20-75 107 3 - 107
75-150 111 5 2 109
150-300 io8 2 6 102
300-600 102 11 10 92
600-1200 39, 21 21 90
1200-2400 103 17 29 86
2400-4800 93 15 +0 53
4800-10kc 79 26 51 28

*Treatment () Weight 0.60 1b/ft2 - Reference Table II
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Aft Curidin

The aoise level recorded at the aft curtain (Fosition 19) is listed
in Column 1, Table V. The noise level at Position 18 (ear level) is
similar, if somewhat less in several frequency bands, sc that the
higher level will design the swundprocfing.

Column 2 lists che T.J.. requiicd for the desired noise veduction of
the lecal acoustical treatment. The reasons for not designing
treatuwents to the 75~150 cps band have previously been stated and,
therefore, a treatment of .50 lbs/ft2 has been used for the surface
welght Of the curtaln.

TABLE IV
H-21 AFT CURTAIN

oo e e e e 2 v e e B W — i — =

Octave SPL* SPL
Band SPL Transmigsion Loss Treated Predicted
C, 3 Tnitial | Required|Predicted (100% Encl) (98% Encl)

1 2 3 4 5

20~75 10/ 3 - 107 107

75-150 111 5 6 105 105

150-300 107 v 10 97 97

JUU- 00U 106 10 i6 9u 92

oV -1 20 10} 2 24 /7 85

1200-2400 113 11 32 81 95

2400-4800 105 13 40 05 89

.éggglle 96 9 50 46 80

*Treatment Q) Weight 0.60 1b/fit¢ - Reference Tablc II

The transmission loss provided by this surface weight is shown in
Column 3. This I.L. results in the sound pressure level shown in
Column 4 .ich is modified for assumed leakage in Zulumn 5.

Drive shaft

Iu similar mannz. <ound pressv.e levels recorded at the drive shaft
(location 14) are shown as cvolumn 1 of Table V. Calculations are
corried out similar to thuse required to establish the previous
designe.




TABLE V

H-21 DRIVE SHAFT

;
!
H

Octave SPL¥ SPL
Rand SPL Trangmigsion Loss Trcated Predicted
cps Initial Required)Predicted (100% Encl) | (98% Ernl)

A 2 3 4 5

20-75 110 6 - 110 110

75-150 114 8 6 108 108

150300 108 4 10 98 98

300-600 99 3 16 83 85

600-1200 99 9 24 75 83

1200-2400 102 16 32 70 85

2400-4500 92 i7 40 52 76

4800-10ke 87 12 50 37 71

*Treatment ()

Uniform Cabin Treatment

Weight 0.60 1b/ft2 - Reference Table Il

Column 2, Table VI shows the noise reduction required in the cabin

aren.

A treatment of .180 1b/ftZ will give the added transmission

loss required, which when corrected for receiving space effects

(Column 2) will indicate the SPL ghown in Column &4 and 5.
gound pressure level is that which would be attainid if

rcaulting

This

the uniform treatment were added to all existing trearments as well

as completely covering the side walls.

An investigaiion into the

affects of the window area has shown that, in all octaves, they
afford more transmission loss than the surrounding treatment and
have no adverse effect on the sound pressure level indicated in

Column 5.




TABLE VI
H-21 UMIFORM TREATMENT

—— o2 T N

Octave SPL* SPL
Band SPL Noise Reduction Treated Predictead
cps initial Required|Predicted (100% Encl) (98% Encl)
— ] 2 3 4 5 |
2075 1 104 - - 104 104
|
75-130 106 2 - 106 106
150-300 97 - 3 94 54
3G0-600 96 - o 90 90
600~-1200 99 9 13 86 87
1200-2400 102 16 20 82 87
2400-4800 92 17 22 ' 70 75
4800-1Cke 87 12 42 45 67 N

*Treatment () Weight 0.18 1b/ftl - Reference Table I

TABLE VII
H-21 COCKPIT TREATMENT

" Octave ] 5PL* SPL

Band SPL Noise Reduction Treated Predicted
<ps Initial Required| Predicted (100% Encl) (98% Encl)
1 2 3 4 5

20-75 105 1 - 105 105

75-150 99 - - 99 99

150-300 98 - - 98 98

300-600 94 - - 94 94

600-1200 95 5 5 90 90

1200-2400 92 6 7 85 75

24004800 88 13 15 73 75

4800-1Cke 80 | 5 24 56 64

*Ireatment {J Weight 0.063 1b/112 - Refcrence Table I
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Measured sound levels in the H-21 cockpivare tabulated in Column 1

of Table VII. A blanket weighing .063 1bs/ft? (composed of 1"
riberglas with a .002" vinyl backing) applied to thaz bulkhead directly
behind the pilcet and copilot seats, provides the noise reduction

shown in Column 3. Noise levels of the forward rotor transmission

have been treated in the cockpit area as well as the cabin by applica-
tion of the soundproofing shown in Table II1. For this reason it is
predicted that the cockpit treatment proposed will reduce the noise
level to that of Column 5. Fig. 173 illustrates the composite treat-
ment for the H-21.

3. H-23

The 9ound treatment cof the H-22 ditfers substantially from that of the
H-21 in that a large portion of the passenger enclosure is constructed
of a transparent material, for visibility. Obviously any treatment

of an opaque nature would void its primary purpose and is not considered
in this study.

Although increasing the thickness of the transparent enclosure would
increase its transmission loss such treatments would rapidly become
prohibitively heavy. It is questionabile whether such measures would
prove valuable in any event since the extreme lack of absorbtion will
tend to minimize any benefics derived.

Furthermore it seems to be general practice to fly aircraft of the
H-13, H-23 type with doors removed i{n many areas where weather permits.
Indeed many pilots feel that for certain operations requiring extreme
side or rearward vision, and for missions such as carrying external
litters, operation without doors is greatly preferred. Since the doors
cccupy about 20% of the enclosure their affect is substantial. It,
therefore, appears most advisable to achieve the required noise reduc-
tion at the sources rather than the passenger enclosure.

Column 1 ot Tabie VII1 shows the noise level measured at a typical
cockpit position during the Task 1 measurement prozram (Figs. 84 and
174). The level is virtually uniform throughout the entire enclosurs.
Column 2 lists the attenuation requirad to comply with the proposed
specification. Review of Fig. 165 shows that main and tail rotor
noise by themselves will just about comply with this specification.
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TABLE VIII
H-23 ENGINE MUFFLER

[~ dctave o

Band SPL Attenuation SPL
cps Initial Required Predicted Treated
1 2 3 4

20-75 Lus 1 3 102
75-150 197 3 10 97
150-300 111 7 11 100
300-600 Jus 8 L4 90
600-1200 )6 6 @ 96
1200-2400 99 4 = S0
2400-4800 83 8 S 83
4800~ 10ke 74 = = 74

Below 600 cps the problem is almust solely engine, and above 600 cps,
transmission nvise predominates. The approach then is to reduce
sound pressure levels of these two items at their respective sources.

Engine noisc can be most effectively reduced by means of a suitable
wuffler, probably of ine resonant chamber type. One such muffler was
decigned by Northrop Aircratt, Inc. (Reference 15) fox their company
owned and operated Bell Model 47J and not only provided very signifi-
cant reductions in peak sound pressure levels, but actually improved
performance slightly due to a small decrease in back pressure. This
muffler weighed about 25 pounds. Since the H-23 and Bell Model 47J
engines are very similar, it has been assumed that such a muffler
could also be tuned to the former aircraft with equally good results.
Column 3 of Table VIII is taken from Fig. 1 of Reference i5. Column 4
18 the predicted SPL after incorporation of the muffler,




TABLE IX
H-23 ROTOR XMSN ENCLUSURE

Octave o
Band SPL Transmission Loss SPL¥*
cps Initial Required Predicted Treated
S 1 2 3 4
20~75 105 ; = - 105
75-150 107 - - 107
150-300 11i = = 111
300-e00 104 5 8 36
600-1200 96 2 1 85
1200-2400 Y0 | 6 84
| 24004800 83 6 8 75
4800-10ke 74 2 9 oh
*Ireatment Weight 0.4V 1b/£e2 - Reference Table 11

Sound pressure levels with the muifler installed are predictec to
vredominate in the transmission frequency. The remaining enclosure
has been designed to meet the vequirements of strength as well as
acoustic requiremeui» uf the transmission frequency bend. This en-
closure consists of an aluminun panel for rigidity, with a 0.009"
impervious vinyl backiug on & one inch bluaunket of Fibecrgias. Column 1
of Table IX is a relisting of the measured 5PL. The transmission loss
provided by the aluminum-vinyl-Fiberglss combination is listed in
Column 3 of Table 1X. These numbers assume 10% uncoverable area and
were obtained by use of Fig. 52 of Reference l4.

In predicting the final sound pressure level which will be experienced,
the reduction which will be achieved from application of both recom-
mended treatments is shown in Table X. At 300-600 cps it is assumed
that the Irwer of the two TL's predicted in Tables VIII and IX (that
due to the transmission enclosure) will determine the final sound
pressure level. Fig. 175 illustrates the composite treatment for

the H-23,
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TABLE X
H-23 NOISE REDUCTION 1IN CABIN

! Octave
N Band SPL Noise Reduction SPL
L_ cps Initial Required Predicted Treated
k_ i 2 El A
20-75 105 1 3 102
75-150 107 3 10 97
150-300 111 7 11 100
360-6uu 104 8 8 56
600~1200 96 6 11 85
1200-2400 96 4 6 84
2500-4800 83 8 8 75
4800-10ke 74 - 9 66
4. H=37

The 1-37 configuration is divisible into three separate general areas,
and requires three separate treatments: the cocxkpit, the forward
catin or clamshell door area beneath the cockpit, and the main cabin
itself.

In the main cabin area particularly high levels are found in the
vicinity of the main transmission (Position 14, Fiz. 90 and Fig. 176)
and at the aft end of the cabin (Position 23, Fig. 90). These are
treated separately to bring local levels down to those measured in
the general cabin area (Position 7, Fig. 90), Tables XI and XII
develop the local treatments required to handle these two icems.

T




TABLE XI

H-37 ROTOR TRANSMISSION ENCLOSURE

| Octave SPL¥ SPL
0 Band ~_SPL Transmission Loss Treated Predicied
~_cps | Initial Required|Predicted (100% Encl) (98% Encl)
= B 1 2 3 4 5
20-75 100 - - 108 108
75-150 109 3 = 109 109
150~300 111 1 - 111 111
300-600 112 4 3 109 109
600-1200 118 i1 12 106 106
1200-2400 114 11 19 95 100
2400-4800 106 10 30 76 89
4800-10ke 39 10 41 58 82
*Treatment (/) Weight 0.18 1b/£t2 - Ref. Table I
TABLE XII
H-37 AFT CABIN TREATMENT
Octave SFL* SPL
Band SPL Transmission Loss Treated Predicted
cps Initial Required [Predicted (100% Encl) (98% Encl)
1 2 3 ' 4 )
20-75 108 - - 108 108
75-150 107 1 6 101 101
150-300- 118 8 10 108 108
300-600 115 7 16 99 101
600-1200 116 9 24 92 100
1200-2400 112 9 32 80 9%
2400-4800 107 11 40 67 91
4800-10ke 99 10 50 49 83

*Treatment () Weight 0.60 1b/£t2 - Ref. Table II
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Since the sircraft as delsverad has ao blankecing installed, the
treatment for the cabin area must credit the increase in absorption
as was the case with thc H-21 discussed in Part 2 of this sectionm.
It should be noted that in the general cabin, if one were to comply
completely with requirements in the lower three bands, a doubling
of weiyght would be required over the entire general area. As pre-
viously discussed it is considered advisable to grant deviartion im
such cases and the .16 1b/ft2 treatmernt, Table XIII will be assumed
acceptable. Window area of the H-37 cabin is about 4% and has a
higher T.L. than the treatment and, therefore, will have no adverse
effect.

£t

Forward cabin treatments are developed in Table XIV,

TABLE XIII
H-37 GENERAL CABIN TREATMENT

Octave SPL* SPL
Band SPL Noise Reduc_ion Treated Predicted
cps Initial | Required|Predicted £100% Encl) (98% Encl)
1 2 3 A 5 y
20-75 109 5 - 1G9 109
75-150 106 2 - 106 106
150-300 =10 6 2 108 108
3u0-600 108 12 13 95 96
600-1200 107 17 23 84 91
1200-2400 103 17 26 17 86
2400-4800 96 21 37 59 18
4800-10ke 89 14 48 41 14

*Treatment @ Weight 0.16 1b/ft2 - Ref. Table I
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TABLE XIV
H~37 CLAMSHELL DOORS

Oct ave SPL* SPL
B-nd SPL Noige Keduction T;Sgted Predicted
CES Initial Required!Tredicted (100% Encl) | {$8% Encl)

i 2 3 4 5

20-75 111 7 2 113 113

75-150 102 - 2 100 100

150-300 108 4 4 104 104

300-€600 103 7 8 35 35

600~1200 100 10 17 83 85

1200~2400 98 12 19 79 84

2400-4800 92 17 28 bvhd 76

4800~1Cke 84 9 | 38 46 69

*Treatment A Weight 0.077 1b/ft? - Ref. Table I

The cockpit area Lls almost entirely enclosed in plexiglass and
thercfore iz not amenable to absorption treatment. Since cabin levels,
untreated, are lower than those in the cockpit, it can not be expecteid
that the cabin treatment will have much effect on reducing cockpit
noise. The only course available appears to be incorporation of
thicker windows and heavier blanketing to build up the T.L. of the
cockpit enclosure.

Column i of Table XV presents the sound pressurc level at the -ockpit
window (Position 1) and Column 2, the additional T.L. required. The
present window weighs .76 1b/ft2, and Column 2 is the T.L. required ot
a replacement window, Assuming no resonances and applying rigid
panel irass law, the néw plexiglass (zbout 3/4" thick) will weigh 4.4
1b/£t2. Similarly the nontransparent area T.L. will bc treuted as
shown in Table XVI.
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TABLE XV

H-37 COCKPIT WINDOW AREA

tctave
Band STL _Neise Reduction SPL
cps initial Required Predicted Treated |
i 2 3 [
20-75 112 8 10 102
/5~150 L5 1 14 91
150-300 104 = 16 88
300 500 105 9 14 91
600~1200 100 10 14 86
1200-2400 96 10 15 81
2400-4800 8Y 14 16 73
4800-10ke 81 6 15 66
TABLE XVi
H-37 COCKPIT BLANKET AREAS
Octave SPL* SPL
Band SPL Moise Reduction Treated Predicted
cps Initial Required!Predicted (100% Encl) (98% Encl)
1 2 3 A 5
20-75 110 6 = 110 11¢
ASASE 104 - 6 98 98
150-300 107 3 10 97 97
300-600 108 12 16 92 94
60V-1200 104 t4 24 80 86
[
1200-2400 97 11 32 65 79
2400-4800 90 15 40 50 74
4800-19k. 81 6 50 31 64

*Treatment () wWeight 5.6G 1b/ft? - Ref. Tabla II
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It is perhaps true that a somewhai iighter treatment could have been
arrived at by use of a double enclosure with an air gap between the
panes. ‘While acoustically more efficient the manufacturing problems
inherent in che production of curved double panels and the glare and
distortion problems which would be encountered preclude their recom-
mendation. Fig. 177 illustrates the composite treatment for the H-37.

5. Hu-1a

Sound pressure ievels throughcut this aircraft are essentially uni-
form with a slight increase at the aft cabin locations (Fig. 94

and 178). The treatment, therefore, consists of blanketing designed
to aft cabin requircments and hesvier plexigiass panels as derived

in Tables XVII and XVIII. The absorption due to additional blanketing
remain e:sentially unchanged and thus no direct benefit beyond trans-
mission lcss can be realized. The windows (Table XVII) are designed
for the 600-1200 octave band rather than the much higher weight
dicta_.d by the 20-75 cps band.

TABLE XVII
HU-1A CABIN TREATMENT

Cctave SPL¥* SPL
Bard SPL Noise Reduction Treated Predicted
| cps Initial Required [Predicted (100% Encl) | (98% Encl)

1 2 3 4 F]

20-75 118 14 - 118 118

75-150 113 9 2 112 112

150-300 109 5 6 103 103

300-600 105 9 10 95 95

600-1200 95 s 18 77 81

1200-2400 88 2 26 62 71

2400-4800 80 5 34 46 63

4800-10ke 70 - 44 26 54

*Treatment (] Weight 0.31 1b/ft? - Ref. Table 11




TABLE XVIII
BU-1A COCKPIT WINDOW AREA

[_Cctave
Band SPL Noige Reduction SPL
__£ps Initial Rejuired Predicted Treated
i 1 2 3 4
20-75 112 8 4 108
75-156 108 4 4 104
150-300 105 ] 6 99
300-600 162 6 7 95
608-1200 96 6 6 90
1200-2400 86 - 5 81
24004800 79 4 7 72
_ﬁBOO-Ich 75 - 5 70

Fig. 179 illustrates the compousite trcatment for the HU-1A

6. YHC-1A

The YHC-1A affords a unique opportunity in that test data and noise
recuction treatment details are available for the aircralt as initially
designed and later as modified to comply with MIL-A-8806. Since the
latter treatment also complies with the proposed specification,
measured data will be used throughout. This information will be most
useful in evaluating the efficiency of the analyti:al designs used

for the othev four aircraft studied.

Tables XIX through XXI1 ghow Jn Column . the SPL recorded in the air-
crafr es initially configured. Column 2 is the reduction required to
comply with the proposed specification and Column & is measured data
after treatment. Column 2, in this case, was ootained by subtracting

-

Column & SPL from those of Column i.

Figure 181 illustrates the composite treatment for the YHC-lA.
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TABLE XIX

YHC~1A AFT CABIN TREATMENT

Octave T
Band SPL Transmission Loss SPL
cps Initial Required Mesusured Treated
1 2 3 4
20-75 igy 5 7 102
75-150 112 8 11 101
150-300 101 - 13 98
300-600 112 16 22 90
600-1200 101 11 13 87
1200-2400 93 7 15 78
2400-4800 90 15 14 76
48G0-10ke 93 18 21 72
TABLE XX
FORWARD ROTOR TRANSMISSION TREATMENT
Octave
Band SPL Transmission Loss SPL__ |
<ps Initial Required Measured ‘Iregted
1 2 3 4
20-75 103 - - 103
75-150 102 - 4 98
150-300 100 - 8 92
300-600 111 15 15 96
600-1200 105 15 15 90
1200-2400 96 10 18 78
2406-4800 92 17 21 71
4800-iCke 84 9 23 61
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TABLE XXI

YHC-1A GENERAL CABIN TREATHMENT

Octave
Band SPL Noise Reduction SPL
cps Initial Required Meagured Treated
1 2 3 4
20-75 108 4 3 105
75-150 105 1 1 104
150-300 102 - 8 94
300-600 104 8 12 92
600-1200 98 8 14 84
1200-2400 91 5 13 79
2490-4800 89 14 13 76
4800-1Cke 85 10 13 72
TABLE XXI1
YHC-1A COCKPIT TREATMENT
[ Octave
Band SPL Noise Reduction SPL
cps Initial Required Measured Treated
1 pi 3 4
20-75 108 4 1¢ 98
75-150 101 - 8 93
150-300 92 S 2 90
300-600 102 6 9 93
600-1200 107 17 10 37
1200-2400 99 13 12 87
26400-4300 91 16 14 77
, -800-10ke 81 6 16 65
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Pexformance Pepalties

Tables XXIII through XXV1! preseut calculations of the weight penalties
which would bte incurred by adoption of the proposed specificacion.

All areas are estimated from drawings or by measurement on actual
aircraft. Weights of existing treatments were supplicd by the cus-
tomer. In eachi case both weight increment and total weight required
are shown. It is important to note that most of the aircraft tested
{2iled to comply with the limits set forth in Table IV of MIL-A-88C$.
However, the weight of acoustical treatment required to achieve this
compliance would be virtually the same as that which is necessary to

meet the proposed specification.

lable XXVI1{ and Fig. 182 summarize the weight and range penalties
incurred. It may at first appear paradoxical that the HU-1A which was
wuil liked by the pilots requires the highest trcatment in percentage
of gross welight while the H-37 which was considered very objectionable
requires the least. There are two explanations for thie: First, the
H-37, as delivered, has no noise attenuating treatment installed, and
thus che i1mprovement derived is more impressive than that waich could
be obtained by adding a similar weight to existing treatments. Second,
the HU-1A displays very low sound pressure levels at high frequencies,
and it is this low level which creates favorable pilot comment. The
low frequency noise however has quite high suund pressure levels,

and the treatment (Table XVIII) is dictated by the 300-600 cps octave
band. As has been discussed rreviously, the lower the frequency, the
higher the mass requirement. Furthermore, since a large portion of
the enclosed area is plexiglass it is not possible to assist the
transmission loss by absorption.

It is also noteworthy that the YHC-1A weight and range penalties
which were determined from, and validated by flight test data are
directly in line with those calculated for the other aircraft, thus
justifying the analytical methods employed in this report.
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