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SUMMARY ANü CONCLUSIONS 

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

TABLE V 

Frequency Bands and Acceptable Noise Level 
at Normal Cruise Power 

Frequency Bnds, cps 

OveralJ 
'.5 75 
75 - 150 

150 - 30U 
300 - 600 
600 - 1200 
1200 - 2400 
2400 - 4800 
4300 - 9600 

Acceptable Noise Levels, db 

106 
104 
104 
104 
96 
90 
86 
7" 
75 

It is recommended rhat Paragraph 3.1.4 of Specification MIL-A-8806 
(AS*;) dated 25 October 1956 shall be amended by the addition of a 
Tablj V and rewarding of the existing paragraph as follows (underlines 
indicate added or changed wording). 

3.1.4 Norms! cruise power - The acceptaole noise level in any 
part of the aircraft intended for occupancy by the crew 

or otter personnel shall not exceed the values shown in Tabi* IV 
or V (whichever is applicable) under conditions of NORMAL CRUISE 
POWER. 

Table IV is applicable to all Naval aircraft procurement and to 
Air force and Army fixed wing aircraft procurement when so stated 
in the aircraft dstail specification. Table V In applicable to 
all Army rotary win» and V1ÜL/STOL aircraft procurement when so 

Stated in the aircrfjt MaÜ IF«clfilfJtlgtt• 

Figures 183 and 184 summarize the internal and external noise envi- 
ronments which were encountered in the fixed and rotary wing aircraft 
tested. The two VTOL test beds were excluded because of the lack of 
directly comparable cUta.  For purposes of providing a condensed 
sunsnaiy which retained more significance than just the over-all, or 
peak, sound levels the arithmetic averages of what have arbitrarily 
been defined a. the low (20-7S 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 
the .elative noise levels internally and externally are not directly 
comparable.  For example, the low frequency internal data for the 
H-13 «re greater than for any other aircraft while the comparable 
external data are the lowest of all aircraft tested. Such a condition 
is indicative of a local condition within the aircraf*" such as either 
a structural or an air cavity resonance which is apparently amplify- 
ing a particular exciting frequency within the aircraft. 

Coi. reJ a'_ion 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, 
19io, when flying rotary wing airciaft (Ref. Fig 157).  It further 
appears that most aircraft being operated by the Army do not comply 
with Table IV of MIL-A-8806. 

Treatments which would insure pilot satisfaction can be achieved at 
nominal penalties averaging about 17. of gross weight and 107. of range. 

Greater efficiency 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 is 
available on the newer types of VTOL/STOL aircraft it is recommended 
that the Army keep the inventory of acoustical data acquired in 
Tack I up to date by addition of all new aircraft and test beds as 
soon ar, :l.eir stage of development will permit satisfactory comple- 
tion of the required flight program. 

During interviews conducted during the Task II survey many Army 
personnel expressed concern about th* tactical and operational 
limitation which must often be placed on aircraft due to external 
noise.  It is recommended that the external data obtained during 
the Task I program be used as a basis for establishing a specifica- 
tion tor external noise levels to be applied to Army combat aircraft. 

It is apparent that the most efficient acoustical control is that 
which can be applied at the s««rce. Studies of sources leading to 
major pilot discomfort indicate the great potential weight saving 
and value of reducing transmission 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 reduction are not to become excessive. 



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



INTRODUCTION 

This study of the problem of aircraft noise and its effect on Army 
Operation and utilization of equipment is divided into three tasks: 

Task I 

A sound pressure level measurement program w'uich was carried out on 
twelve of rhe Army's aircraft: inventory.  (Specifically, the L-20, 
L-23, U-IA, 11-13, H-21, H-23, H-34, K-37.HU-IA, VHC-1A, Doak 16 aad 
Vertol 76 Aircraft.) 

Task II 

A study of the effect of aircraft r.oisü on Army aircraft operations 
as limited by the noise environment to which pilots are exposed, 
and performance units which might be imposed on the aircraft by 
additional soundproofing treatments. 

Task III 

A review of Specification Mil.-A-8806 for adequacy and applicability 
to Army aircraft, in light of the findings of Task II.  This will 
include recommendations, it v.'arranted, for revisions ^r addenda, 

Consideration of acoustic design and application of noise control 
measures to military aircraft have, for a long time, been relegated 
to a relatively minor role in overall design considerations. The 
tesulting high noise levels which hava. unfortunately, become 
«psociaced with these vehicles were long tegarded merely as unde- 
sirable working conditions with which flight and ground crews have 
had to contend. The development of new higher performance aircraft, 
however, resulted in furthei increases in noise levels to the point 
where action has, in many cases, become mandatory. 

The benefits derived from good noise control, however, far exceed 
chose of hearing preservation alone. Lew internal noise reduces 
pilot fatigue, permits good radio and intercommunication system 
operation, and generally improves physical response and morale of 
flight crews. 

External noise level Problem» ate of extreme importance in limiting 
the tactical utilization of many troop-carrying aircraft. A far- 
carrying and distincrive noise can, for example, completely cancel 
the advantage of surprise assault available with troop-carrying 
helicopters operating behind hills or below "treetop level". 



Community relations, in non-combat areas, in recent years has become 
sn area of increasing problem.  Location cf airports and flight 
operational procedures have, in many cases, bssn dictated largely by 
noise.  It is, therefore, most desirable that the aircraft itself be 
designed such that its utilization need not later be restricted. 

Tn order to arrive at aircraft witn optimum noise characteristics 
without payir-2 undue penalties in weight, performance, etc., it is 
necessary to establish criteria which, when satisfied, will permit 
unrestricted operation with 11:3b crew efficiency and still not be 
conservative to a penalizing degree. It is the purpose of this 
program to arrive at such criteria tor the types of aircraft oper- 
ated by the U.S. Army and to consider rhs effects of such control 
on the aircraft itself. 

-i- 
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manufacturer for check,  One was found to be exactly correct while 
the other was found to be only .4 db low. Tie first calibrator was 
then placed in storage (as a master) and the second used for field 
operations. At the conclusion of thf testing the two calibrators 
were again compared and no shift noted. 'Che .4 db variance was 
then compensated for in analysis, and correct and consistent cali- 
bration insured. 

System Calibration 

Since the 4C0 ops calibration is only a single frequency check on 
the systerr. 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 from the preamp output was 
measured as .295 volt for 121 üb input.  This agreed within 1 db 
with the voltage output predicted fron- the microphone calibra- 
tion curves.  For use later in this calibration procedure, the 
open circuit voltage at 100 db was calculated to be .026 volts. 

2. A test chamber (Figure 1) was constructed and the circuit of 
Figure 2 connected. The calibrating speaker was placed over the 
microphone (dotted circuit) and the octave band analyzer adjusted 
to read 121 do.  In this case and in -he following calibrations 
the recorder was in the "tape mode," i.e , the signal was recorded 
on the tape and the octave band analyses made from the taped 
signal. This procedure insured that the characteristics of the 
recording head and playback system were accounted for. 

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

4. Examination of Figure 3 shows that linearity of response is 
very dependent on signal level. The high frequency cutoff 
exhibited with the low attenuation setting (5) la 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 compensates 
well and provides optimum response. By noting the position of 
the V.U. meter during calibration, it was possible to select 
attenuator settings in the field so  as to record at this same 
level thereby assuring input corresponding to the calibration 
at attenuator 6. This removed any necessity for compensation 
in the analysis:  All 120 db field calibrations were made at 
attenuator 8 to correspond with the optimum recording level 
equivalence of 100 db at attenuator 6. 

-7- 



5.  The recording technique was: 

a. Record 121 db 400 cps tone generated by calibrating speaker 
at attenuator 8 (equivalent to 100 db at attenuator 6). 

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

c. Make recordings, insuring that: 

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

(2) Microphone dots not make direct physical contact with 
vibrating structure. 

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

Analysis 

In describing noise, it is necessary to specify both amplitude and 
frequency.  Since the audio range is quite broad, it is ~£ten con- 
venient to deal with group3 of frequencies and integrate the ampli- 
tudes.  Perhaps the mo.-t common audio frequency grouping i3 by 
octave bands.  All data taken in this program was analyzed by 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 in the 20-75, 75-150, 
150-300, 30Ü-6Ü0, 600-1200, 1200-2400, 2400-4800, 4800-10,000 cps 
bands. 

When it is necessary to identify particular noise sources of discrete 
frequency and to determine their intensities, it is then necessary to 
turn to more complex equipment.  The analyses required for this por- 
tion of the program were carried out on a Technical Products Wave 
Analyzer (Figure 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 
oaslcaliy a heterodyne type in which all filtering is done at a 
frequency of 97 kc with bandwidths cf either 2 cps or 20 cps available. 
The filters have optimum characteristics as displayed by Figure 7, 
which shows the high rejection and flat 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. 
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III. TEST 1 - DETERMINATION OF EXTERNAL NOISE FIELD 

The 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 adjacent. 
to ground 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 longitudinal symmetry and power plant. 

Records were taken at the locations 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 Lwo VTOL 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 generally give the clearest definition of 
the sound pattern,these data are presented in polar plot form in 
Figures 9 through If. 

IV. TEST 7  - TAKh-OFF AND LANDING NOISE 

Noise levels generated by aircraft >uring take-off and landing 
procedures are significant both from the standpoint of insuring 
safety for airbase personnel and also from tactical considerations, 
particularly with regard to helicopters which may often be required 
lo operate out ul unprepared silea in <-«mbat . iceaa where minimum 
detection i.» essential. 

Records were ir.ade during take-offs in which the aircraft werf 
required to clear a 50 ft. (imaginary) obstacle in 250 ft., and 
normal landings at the locations illustrated in Figure 21.  In 
the case of fixed wing aircraft. landing noise was found very low 
and is net considered. 
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it should be kept in mind that the sound pressure levels shown in 
Figures 22 through 33 and data presented in Pages 264 through 275 
are the maximum recorded and do not necessarily occur at the same 
instant in time, but represent a profile ot the maximum levels in 
each 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 the operational limitations which may be imposed 
uii operations in hostile areas.  Obviously a vehicle which makes 
its presence known long before actual arrival, p'aces itself in a 
vulnerable position by n^rmitring the enemy maximum time to 
prepare countermeasures.  Noise, therefore, can become a limiting 
factor to the proximity which an observation aircraft can approach 
or the minimum speed at which it can fly in carrying out its mission. 

In the case or troop-carrying aircraft, where maximum surprise is 
important, the distance from the enemy at which troops may be safely 
disembarked is a function of the detectability of the aircraft. 
Here ajain external flight noise may limit 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 300 ft. and at horizontal 
distances from 0 to 500 ft. from the microphone, as illustrated in 
Figure 34. 

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

band analyses, Figures JD through 66, and 
are the maxima independent of time or position 

One e   a ■iai ;   l he   <>ii a 

Pages ! /6 through  / 
of   the ai rcraft. 

VI.  TEST u   - INTERNAL N0IS5 LEVELS 

Flight sound pressure levels were recorded in each aircraft, the test 
procedure being 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 condition? 
including hover, take-off, cruise, high speed forward flight, and 
autorotatlons. At the cruise condition, records were made at many 
locations in the aircraft, in order to identify sound sources and to 
provide information required to proportion acoustical treatments 
properly. 
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Most of the aircraft were essentially in an "as delivered" configuration 
In some cases, howcer, this was not the case, and where deviations from 
the standard configuration occurred, they are noted. 

illustrations 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 

Ir, order to determine which components (propeller, rotor, gear box, 
power pJant, etc.) are the prime contributors to either overall or 
any specific octave of the total noise, it is necessary to do a discrete 
frequency analysis.  The equipment used for this work was described 
on Page 8 ; its output is automatically reproduced in strip chart form. 
Figure 104 shows a portion of a typical chart and illustrates 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 
i::;L".'jr_ic order. Note that with a six-cylinder four-stroke engine such 
&•:,    sed in the u-13, three cylinders receive a power stroke with each 
ci,,ukshaft revolution. As a result third harmonic and multiple integers 
of it are predominant. Harmonics shown have been identified E3 and Eg. 
Also identifiable are multiple integers of the two-bladed main rotor, 
M6, M8, and Mio- 

Figures 105 through 135 present charts made from internal and external 
recordings in eich 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 overall noise. 

The finest filter (2 cps Bandwidth) was 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. 
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ESTABLISHMENT OF ACOUSTICAL CRITERIA 

I. INTRODUCTION 

This section covers Task II and deals primarily with the subjective 

response of pilots to aircraft. ;:oise and the correlation of these 
responses with measurer) dnta. 

It has been well established, by several investigators, that human 

hearing is frequency sensitive, i.e. equal sound pressure levels do 

not sound equally loud at all frequencies.  The work of Fletcher and 

hunson (KeT. 2, "5. 399) is generally accepted as one of the more 

fundamental in this area.  It is thus obvious 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 alone will not necessarily 

result in pilot satisfaction. 

The approach taken in this study was to go to Army pilots themselves, 

by means of an opinion surve^,to correlate their responses with 

flight data, and thus arrive at a preliminary specification limit 

•.'hich represents an envelope of sound pressure levels (at various 

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 

themselves are not injurious. 

Tn order to assure that a specification which satisfies the above 

reouirements is 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, estimates 

of the ccncommitant weight and performance penalties will be made. 

II. 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, iioise adversely affects their performance.  A second objective 

was to ascertain the upper limits which 'an be tolerated. 

Since 1 he Task I work included measurements made at pilot's ear level, 

correlation between concent obtained on the actual aircraft tested 

and the recorded data can be used as the basis for transforming 

abstract opinion into numbers. 
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Survey design and wording is, in itself, a technical specialty. Many 
instances of invalid conclusions have resulted from improper wording 
and/or a format which tends; to lead responses into a given pattern. 
In order to eniurs compliance with the latest thinking in public 
opinion sampling, an expert in this field, Dr. Roy Hackman, Professor 
of Psychology, Temple University, Philadelphia, Pennsylvania, was 
retained in an advisory capacity throughout the phase of work dealing 
with survey design and evaluation.  Dr. Karl Kryter and Mr. Laymon 
Miller of the acoustical consulting firm Bolt, Beranek, and Newman 
also consulted on question content. 

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

Results 

Upon receipt of the completed surveys each question was tabulated by 
dividing the response scale into ten equal parts, by means of an 
overlay as indicated by the dotted lines shown in Appendix IV.  The 
responses, along with information regarding the respondents base and 
flight experience were tien punched in IBM cards.  A cross tabulation 
of response rating againjt aircraft was then made for eacu question 
and the mean latirig 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 sample survey of Appendix IV. 

The questions used in the survey follow with a bri. 2  explanation of 

Question 1.  Hearing Loss and Discomfort 

"Do 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 seisations which are often reported in terms 
of hearing the noise for hours (or in some caies days) after the 
flight  From Fig. 116 it can be seen that only tht large helicopters 
such as the H-21, H-34, r.nd H-37 evoke any comment indicative of 
difficulty. 

Question 2  Speech Interference 

"Do you encounter difficulty lti conversing with other occupants 
without the use of intercommunication equipment?" 

In general, pi.'ots were mere critical of this factor than of any other 
ipecific manifestation of noise on which rhey w;re questioned. Only 
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Che L-23 and Hu-la (Fig. 137) were actually classified in the no 
problem area.  Comparison with Fig. 136 shows that although the 
relative rankings wifh regard to both Questions 1 and 2 are similar, 
the range is greatly extended. 

Comparison with measured data and calculated speech interference 
levels will be found in Spction IV. 

Question 3.  Radio Copsnunication 

''Do you encounter any difficulty communicating via either radio 
or intercommunication equipment?" 

Kvidently radio communication is not a factor to be considered in 
evaluating aircraft noise problems.  Several writ;-",  comments, 
however, did criticize specific radio equipment as being technically 
i.ifpriot and therefore harder to understand. 

Question A. JudKment 

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

This iu a rather delicate question no matter how carefully phrased, 
and it might be assumed that a reluctance to admit difficulty in 
making judgments would affect the answers. Research which has been 
done in this area, however, generally tends to substantiate pilot 
statements.  In Reference 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, 
if anything, slightly faster in high noise fields. 

Uuestion 5.  Coordination 

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

This question and  .u expecred reuponses are in many ways analogous 
to those of Question 4. Once agai.i, however, experimental data 
supports the pilots comment*. Reference 3, Chapter 10, also reports 
no ettects on reaction time, body sway and similar responses In 
lesti of simulated aircraft noise up to 115 db. 

Question 6.  Fatigue 

"Does the noise in the aircraft make you feel tired?" 

When discussing the manifestations of noise with pilots they often 
refer to ferigue. Actually it is virtually impossible to separate 
the indcHcnaent effects of noise, vibration, and flying qualitiei. 
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From the responses to this question it is evident that while the 
iarger helicopters arc more tiring to fly there are no strong con- 
clusions which may be drawn. 

Question 7.     Noise 

!lRate the following aircraft with regard to your opinion of 
its general noise environment■'' 

.' -Ö-- ~  aUop-i. LC-, _hi? is the frndamenfal question of the entire 
survey. The opinions were well spiead and, as will be discussed 
in Section IV,  form the basis for t.ie actual specification determin- 
at ion. 

Question 8. Vibration 

"Rate the following 
physical vibration 

aircraft with regard to your opinion of 

Since noise and physical vibration often produce similar reactions 
the information gained from thi9 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 responses two factors which might color the 
piloL comments were investigated.  Firstly, the answers from each 
base were evaluated against those of th« composite group. Any 
bases with significantly poorer ratings than the others would have 
bee-i discounted as an assumption of either a morale or equipment 
probiere.  Actually no such deviations were required and all bases 
were included. 

Secondly, consideration was ^iv^n to pilot experience and its effect 
on validity of ciimim-nt.  Provision w;is made in the program for in- 
clusion of «jxpei iuHtv woic.rting :'actors.  To investigate this ;>ara- 
meter piiot flight experience as presented in Fig. 144 was examined. 
Based on total experience, the mean experience (X) was found to be 360 
hours and the standard deviation ( 0") 547 hours.  The group was rhen 
divided into three experience groups: 

Average X ± 1/2 <r 

Inexperlenced   < X — 1/2 o" 

Experienced    >X + 1/2 er 
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Hounding these numbers off to X = 900, and C      = 600, the groups 
would divide: 

Average        = 600 -  1200 hoars 

Inexperienced   <[ 600 hours 

Experienced     ~y>   1200 hours 

As illustrated in Fig, 145, Question 7 was examined for responses 
to two aircraft (h-23 and H-21) and one aircraft (H-21) was examined 
for two questions (1 and 7) by experience group response.  Examin- 
ation of Fig. 145 leads to no consistent conclusion regarding the 
type of answer which may be expected fiom a  given group, hence all 
ausweis were given equal weight. 

Subjective Evaluation of Responses 

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

Chi.  prinary objective of the survey was to determine the limit of 
piiat acceptability with regard to aircraft noise.  In order to 
ascertain 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 limits one can use only those questions which show 
d great enough diversity uf response to show both favorable and un- 
favorable pilot conment for at leatt. some of the aircraft tested. 
Taking those aircraft rfith distributed responses, and summing the 
response distributions, will yield a composite distribution curve of 
responses to that question which resulted in diverse pilot comment. 
The mean value of this new curve would then be the subjective center 
of pilot opinion for that question, or the division point between 
acceptability and unacceptability.  Distributions of this type are to 
be found in responses to Questions 2, 6 and 7.  As will be shown in 
Section III , Questions 2 and 6 evoked less critical and significant 
answers than did Question 7 and only the latter will be discussed 
here. 

Examining Fig. 142 it is evident that reason*hty normal distributions 
wert obtained fir the L-20, L-23, U-lA, H-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 
sevpnty-two ratings given. 
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Samming the responses of the above mentioned five aircraft at each 
rating and establishing a nev mean, bdsed on the summed data, estab- 
lished the value 5.8 as the subjective center cv limit of acceptability. 
That is: all aircraft 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. 

Ill   CORRELATION WITH MEASURED DATA 

Development of Specification 

it now remains LO take this acceptability limit of 5.8, and, utilizing 
data which was measures at pilot ear level in the same aircraft for 
which the limit was established, convert these opinions into measur- 
able acoustical data.  As previously mentioned, the human being is 
quite frequency sensitive and his evaluation of a given noise environ- 
ment will not be reflected by sound pressure level alcne.  This has 
long been recognized nnd several subjective ratings have been estab- 
lished.  One of the fundamental ones is the expression of Loudness Level 
as defined by S. S. Stevens in Reference 4.  In order to assure the 
best ycssible statistical correlation between pilot rating and measured 
data, the S.P.L. in each octave band was converted to loudness in sones 
and then plotted for each octave band, the point having been defined 
by the coordinates of mean pilot rating (abcissa) and loudness level 
in the octave 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 ou<- 
the corresponding limiting loudness levels (Figs. 146 through 149). 
This is then converted back to sound pressure level in db to establish 
the final criteria. 

it should be pointed out that the same procedure could have been 
applied directly tc sound pressure level and would have yielded the 
same resulus.  The reason for using the subjective rating was to 
preserve physical sense in the numbers as related co physical response. 
Fig. 150 presents the envelope of pilot acceptance In teiva 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 methods to Questions 2 and 6 would have resulted 
in th«: criteria shown in Fig. 151, thus confirming the earlier state- 
ment chat Question 7 yields the most critical specification. 

Significance of Response 

Responses to all questions are ranked in order of pilot preference, 
and the measured data ranked in order of acceptability.  A feeling 
for the correlation between pilot opinion and measured data can then 
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be gained by the application of Spearmans rank correlation 
coefficient, Reference 6, Page 685. 

p  = 1 - & 2 D2 
/       N(N2-1) 

A. 
/5 = correlation coeificient 

A 
D = difference in rank between paired 

itercs in the two series 

K  =  number of rankfd p.ro'jps 

It can easily be seen that if, for example, the ranking by pilot 
and data were exactly the same for all aircraft, that  Sß2 would 
be zero and G  ■  1 or, in other words, perfect correlation would 
be obtained.  Generally a p   greater than 0.75 is quite significant 
and one larger that? 0.9D indicates extremely strong corrc*_*. ion. 

Fig. 152 presents the Spearman rank correlation coefficient obtain- 
ed in each octave band.  Note the extremely high correlation 
between pilot comment and the sound pressure levels in the highest 
three bands.  This indicates that the pilot comment is based 
entirely on the high frequency roise content, as is even more 
strongly evidenced by the very poor correlation in the lower octave 
bands which are evidently playing no role in the evaluation. 

Correlation between Fa:.igue, Noise, and Vibration 

The rank difference correlation coefficient can aljo be used to 
evaluate the significance of relative ratings obtained from responses 
to different questions as well as for correlating subjective corre- 
lations with data.  This technique is especially valuable in eval- 
uating the response to Question 6 regarding fatigue. 

In discussing aircraft noise problems one often hears the statement 
that noise is extremely fatiguing.  Although this statement 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 the ability to separele the effects of 
airborne sound with that caused by physical vibration of the oar 
mechanism. An interesting insight, it not clarification, of this 
problem is afforded by determining ehe correlation coefficients for 
relative rankings of Question 6 (fatigue) with the rankings of 
Question 7 (noise) and Question 8 (vibration).  In both cases P ■ 
.934. This Indicates that either the pilots 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 correlation 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 
one that is is not possible to directly attribute pilot fatigue 
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problems to ambient noise.  Further research in this area which could 
be carried out utilizing the results of this program in conjunction 
with recorded vibration d&ta would prove most beneficial in resolving 
this question. 

IV  CORRECTION WITH EXISTING STANDARDS 

Correlation with MIL-A-8806 

Military Specification MIL-A-8806 (ASG), 25 October 1956, entifled 
'A.oustical Noise Level in Aircraft, General Specification for" 
p ovides internal sound pressure limits which are generally invoked 
in detail aircraft specification negotiations by the miiilai> services 
One of the purposes of this study is to examine the applicability 
of the specification to the specific types of aircraft and missions 
being flown by the U. S. Army.  Perhaps the greatest operational 
change since the adoption of this specification is the ever increas- 
ing use of rotary wing aircraft, which provide a noise environment, 
and require pilot performance of a nature which probably did not 
merit full consideration in the jast. 

MIL-A-8806 specities maximum noi«e level envelopes for four different 
flight conditions: 

Table 1   - Maximun continuous power 

Table II  - Short duration conditions 

Table III - Maximum continuous power with 
ptot'iCr I« i  r- imets 

Table IV  - Normal cruise power 

The results of this study are. moist directly comparable with the 
specification of Table IV since the pilot opinions are based on their 
integrated flight experience which would be predominately cruise. 
Fig. 153 shows the comparison between the results cf the subject 
study and rb*> limits prescribed in Table IV of MIL-A-8806.  It 
readily shows that the Array pilots require additional relief at the 
higher frequencies than is afforded by the currently applicable 
specification.  It would also appear that the pilots indicate chat 
aircraft which in the lower frequency bands are even in excels of 
those currently permitted ccuid ba 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 aircraft into two groups acceptable and unacceptable as 
defined by the borderline 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 
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indeed it is only the higher frequency components which display clearly 
defined diCfeiences.  Kote the area of unsatisfactory aircraft which 
are currently acceptable by specification but would require additional 
soundproofing to satisfy the revised requirement. 

It is interesting to note that most of the aircraft tested did not 
even meet the currently applicable MIL-A-8806.  While it is probably 
true that some of them were not procured to this specification it is 
suspected that in normal military usage the sn»nd reducing treatments 
and installations deteriorate rapidly and, since relatively small noise 
isakii can gteatiy reduce the erfectiveness of any treatment, the pilot 
in the field is generally not being afforded the environment which 
exists at the lime the aircraft 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 noiie from the lifting rotors.  Apparently at the present stage 
it is necessary to grant deviations from this specified limit for 
rotary wing aircraft. 

Correlation with Medical Limits 

Much work has been done by many researchers to establish the effect of 
noise 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 workmens' 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 environments are found which exceed safe limits these situations 
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 hag been carried 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 the U. S. 
Army on this matter a meeting has held with Major James Allbrite, 
Directoi. Ki, R. Edwin Shutts, Assistant Director and Mr. David M. 
Resnlck, Supervisor Bioacoustics Section, Army Audiology and Speech 
Center, Walter Reed Army Hospital, Washington, D. C. 

It was decided thai the establishment of a criteria would hsve to be 
based on the following assumptions: 

1. Average dally flying time is 4 hours. 

2. No helmets or headsets are worn. 

3. No allowance is made for extremely susceptible individuals 
witn regard to noise induced hearing loss. 
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Based on these assumptions it was recommended that noise levels above 

300 cpj should not exceed 95 db re 0.0002 dynes/cm .  With regard to 

noise levels in the lower three 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 Army pi.lots who are flying 

aircraft which comply with MIL-A-8806 have constituted no real problem 

and that the existing specification itself represents at least a 

satisfactory although perhaps slightly conservative upper limit. 

Correlation with Other Acoustical Criteria 

It is perhaps obvious that if one were able to come up with a r.ingle 

number which would erpress the ioudness, or noisiness, or annoyance of 

a given noise in a single 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 

Lake . 

This can best be done by determining the ranked correlation coefficient 

between pilot r<iting and each of the evaluation methods. 

The following ratings were investigated: 

1,  Overall noise level in decibels 

2  Speech interference level (defined as the arithmetic average 

of the soual pressure levels in the 600-1200, 1200-2400, 

and 2400-4800 cps octave bands, Reference 2). 

3.  Loudness level in phons (Reference 4). 

U.     Perceived noise level in PNdb (Reference 13). 

For Question 7 responses these compare with the sound pressure levels 

in the top three bands by themselves as shown in Fig. 155. 

Obviously then, a simple octave by octave criteria in the high fre- 

quencies better supports the pilot opinions than do any of the common 

rating systems, and therefore a.i 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 -'iscrete frequency oi pure tone components such as may 

be generated by highly loaded gearing, gas turbines, and the like. 

These are often difficult to define in terms of analytical numbers 



even when narrow band spectra (Figs. 1Ü5 through 135) are available. 
Many researchers believe, however, that the tolerance to such pure 
tones is about 10 db less than for that of e  multifrequency noise. 
The aircraft 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 PNdb recalculated. Loudness level /O  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 
then idling iu  anything other than external aircraft noise, however, 
with proper adjustment this rating method appears more applicable 
than loudness level. 

Loudness lpvel was originally determined on the basis of apparent 
loudness of different frequencies while perceived noise level was 
determined on the basis of noisiness or annoyance.  This difference, 
although subtle,  is evidently quite important in evaluating pilot 
reaction. 

It remains obvious, however, that at the present 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. 

Proposed Specification 

Fig. 156 chows:  1)  the limits impo:;cd by MIL-A-8806 Table IV, 2) 
tb-«? 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 frequencies Leiuw oUu cps the pilots will permit 
higher sound pressure levels than are safe and the cxijting specifica- 
tion should be invoked. 

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

It io therefore proposed that the limits presented in Fig. i57 be 
invoked in procurement of future aircraft intended for use by the 
United States Army. 
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V. APPLICATION TO AIRCRAFT INTERIORS 

Design Principles 

To insure that the specification proposed in Section IV-D is realistic 
in that it will not impose unreasonable weight penalties, approximate 
sound reducing treatments will be developed for the following represent- 
ative group of Army aircraft: 

Power Plant  
Pegi■:,!'--• '!■:■■.    Name    C.W. (lb:-)    Number     Type      Rotor(s) 

H-21       Shawnee   13,900        1   Reciprocating  Tendern 

H-23       Raven      2,700 1   Reciprocating  Single 

2   Reciprocating  Single H-37 Mojave 30 842 

HU-1A Iroqunis 5 383 

YHC1A 15 750 

1 Turbine       Single 

2 Turbine       Tandem 

In any calculation 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 necessity this weight must be consumed either directly in 
pay load, or indirectly, in the mission range. 

In order to achieve an optimum design, much information is required. 
First, there is no substitute for a complete acoustic evaluation of 
the untreated aircraft.  Such a study should include sound pressure 
level» recorded inside a.id outside the fuselage, skin vibration studies, 
and application of other special techniques such as the construction of 
compartments within the aircraft to aid the study of airborne sound. 
There must be available completely detailed information regarding such 
items as fuselage construction, equipment, ducting installations and 
power plant mounting, 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 nature, 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 pare of the 
design objective. Where acoustical materials presently exist and where 
further noise reduction is necessary, recommendations will be made for 
additional sound proofing material to be added; and, where blankets do 
not exist at <<11, suitable treatments will be designed. However, before 
de:training 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 discuss:.on of the acoustical blankets and their properties is 
necessary. 

N"'se reduction, or the actual sound pressure level attenuation 
achieved by introducing a barrier in a noise path, is less than that 
, ich would L.e predicted by transmission loss alone and is generally 
wrx.'-i en: 

NR = TL0 r Cn + Ca 

nuuit      uu '- tvoisc Reduction 

Ti. > = Reference transmission loss 

(always negative) 

Ca - Corrt-ction fcr anbitnL conditions (positive 
or negative) 

A more thorough discussion of this concept nay be found on Page 78 of 
Reference 14.  In the case of the types oi  aircraft included in this 
study, CL   is generally very small due  to relatively limited temperature 
and altitude extremes, and will be discounted. 

Transmission loss may be described as the difference in sound power 
level measured at each side oi" the wall shown in Fig 158.  The wall 
is assumed to extend sufficiently so that all pressure 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 
return to  the receiver, md this restriction is 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 resultingly lower bv an amount, 

Cn. 

NR-TL0 - Cn 

C„ is a correction which id a function of, among other things, the 
receiving space size, stiffness, and absorption, and is always negative. 
hat is, if the receiving space characteristics are not anechoic, the 

neiüt: reduction achieved will be lese than the transmission loss 
through the panel itself. 

Transmission loss is achieved either by addition of mass or by use of 
certain materials which have other means of attenuating acoustical 
energy, generally by friction. The most common material used in 
aircraft is Kibergla*, and all designs in  this study will be based on 
Type PF-105 which is a grade commonly used in military and commercial 
aircraft.  Transmission loss for this material Is shown in Flg. 1S9. 
Since Fiberglas is effective only at the higher 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 tha noise com- 
ing through the side wall it is necessary to reduce the reverberation, 
or echo, by use of an absorptive calin 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 sotr.a material such as vinyl 
film, and a Fiberglas blanket covered with a suitable porous trim. 
In cases where very large attenuation is required the impervious sep- 
tum  may actually be an aluminum sheei. and a double wall Fiberglas 
filled construction employed.  In such cases, it is necessary to add 
an additional absorptive lining, but whenever possible, absorption is 
provided by the same blanketing employed tor transmission loss. 

An optimum transr.isäion loss-weight combination should be used for an 
efficient design, and to insure proper selection 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 the 
blanket material considered for each frequency.  Several thicknesses 
and therefore several weights are shown in Fig. 159.  In addition 
Fig. 160 gives the transmission loss which may be expected from the 
mass properties o£ 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, as well as the frequency, (f), 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 and identify the symbols of Figs. 161 and 161 respec- 
tively. Thus, all that is necessary to obtain the optimum blanket- 
septum combination to give the greatest 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 lbs/ft2 and is represented by the 
symbol ^   Referring to Tabl« I, note that this symbol indicates 
a combination 0.016' vinyl septum with 3" of Fiberglas. Also, it 
may be seen that approximately 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 appaie.it. 

Some difficulty may be encountered In achieving efficient noise reduc- 
tion in the low frequency bands where the glass Über material becomes 
ineffective in providing the required transmission loss.  In these 
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lowest octaves (?'•'■  75, 75 I5G ar.d 150-300) noise reduction by mass 
properties alone is the only practical means of obtaining the required 
transmission loss.  Even this approach leaves much to be desired from 
a wuignt stand-point, and in order to realize a 10 db noise reduction 
at a frequency of 2i0 cps (center frequency 150-200 cps octave) a sui • 
face mass of .547 lbs/ft2 is required.  This, converted into an aluminum 
sheet, represents a thickness of about .040".  At half that frequency 
(105 cps) a  similar noise reduction requires a surface weight of 1.1 
lbs/ft.2 or approximately 0.180" thick aluminum sheet.  In the 20-75 cps 
band (39 cps) a 10 db reduction require« 0  Qc. ih=/ft-2 or n_in*"  rM/-k 
sheet aluminum.  In many cases it is 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 
than by conventional sound reducing treatments. Until such reductions 
are achieved it will often be necessary to grant deviations below the 
30Ü-Ö0U cps band and such deviations will be assumed in some of the 
following designs rather than pursuing a completely academic and im- 
practical treatment. 

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- 
tiug 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 vaiiou- - ' '. locations along the longi- 
tudinal as well as transverse M<       L   ■ ,:e fuselage. With this infor- 
mation it is possible to determine which frequency predominates in 
each area of the aircraft.  Furthermore, it is necessary to identify 
these frequencies with their respective sources, so that, where re- 
quired, specific treatments for soundproofing may be prescribed. This 
identification process is accomplished with the aid of the narrow band 
(continuous spectrum) analysis,Figs. 105 135. Fundamental frequencies 
and harmonic« for each suspect noise source can be calculated and 
identified with the corresponding frequencies shown on the narrow band 
analysis. These are presented in Fig. 163 through 171. 

2. ILli 

The sound pressure level in each octave band has been plotted for 
various cabin locations along the longitudinal 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 variation along the centerline 
ceiling, centerline ear level, centerline floor level, sldewall, and 
drive shaft locations. 
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It will be necessary to design or improve local area treatments for the 
forward transmission, the existing curtain which closes off the aft end 
of :he 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 Cnlutnn 1 of Table III and was measured at Position 4, Fig. 80. 
Reference to Figs. 163 and 164 show that forward transmission Aoise 
is predominant in the 600-1200 cps band. Since Location 4 shows the 
highest levels in this Dand, measurements at this location will be 
used as typical of the forward transmission. 

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

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

In order to 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 Vi.ll be required for the forward 
bulkhead area to insure an efficient noise seal in the cockpit. 

TABLE III 
FORWARD TRANSMISSION 

Octave 
Band 

SPl, Transmit islon Loss SPL* Treated 
Initial Required Predicted (100% End.) 

1 2 3 4 

20-75 107 3 - 107 

75-150 111 5 2 109 

150-300 1Ü8 12 6 102 

300-600 102 11 10 92 

600-1200 111 21 21 90 

1200-2400 103 17 29 86 

2400-4800 93 15 •♦0 53 

4800-lOkc 79 26 51 28 

♦Treatment O Weight 0.60 lb/ft2 - Reference Table II 
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Al L lui Idiii 

The aoiae level recorded at. the aft curtain (Fosition 19) is listed 
in Column 1, Table IV.  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 soundproofing, 

Column 2 lists the T.L. tequiicd for the aesiied noise reduction of 
the local acoustical treatment.  The reasons for not designing 
treatments to the 75-150 cps band have previously been stated and, 
therefore, a treatment of .50 lbs/ft^ has been used for the surface 
weight of the curtain 

TABLE IV 
H-21 AFT CURTAIN 

Octave SPL* SPL 
Band SPL Transmission Loss Treated Predicted 

c, 3 'Initial Required Predicted (100% Encl) (987. Encl) 
1 2 3 4 5 

20-75 10/ 3 - 107 107 

75-150 l!i 5 6 105 105 

150-3ÜÜ 107 10 10 97 97 

iüü-oOü 106 10 16 90 92 

o00-12-.)0 101 2 24 11 85 

1200-2400 113 11 32 81 95 

2400-4800 105 13 40 65 89 

4000-lOkc 96 9 50 46 80 

*Treatmeiit O Weight 0.60 lb/ft2 - Reference Table II 

The transmission loss provided by this suiface weight is shown in 
Column 3. This T.L. results in the sound pressure level shown In 
Column 4 .ilch is modified for assumed leakage in Column 5. 

In similar manne «ound pressu.« levels recorded at the drive shaft 
(location 14) are shown as  column 1 of Table V. Calculations are 
tarried out similar to those required to establish the previous 
designs. 
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TABLE V 
H-21 DRIVE SHAFT 

Octave SPL* SPL 
Rand SPL Transmission Loss Treated Predicted 
cps Initial Required Predicted (100% Encl) (98% Er-ol) 

i 2 3 4 5 

2Ü-75 110 6 - 110 110 

75-150 114 8 6 108 108 

I 50-WO 108 4 10 98 98 

300-600 99 3 16 83 85 

600-1200 99 9 24 75 83 

1200-2x00 102 16 32 70 85 

2400-4Ö0Ü 92 17 40 52 76 

4800-lOkc 87 12 50 37 71 

"Treatment Q     Weight 0.60 lb/ft2 - Reference Table II 

Uniform Cabin Treatment 

Column 2, Table VI shows the noise reduction required in the cabin 
are?..  A treatment of .180 lb/ft2 will give the added transmission 
loss required, which when corrected for receiving space effects 
(Column 2}  will indicate the SPL shown in Column 4 and 5. This 
resulting sound pressure level is that which would be attaiw d if 
the uniform treatment were added to all existing treatments as well 
as completely covering the side walls.  An Investigation 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. 
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TABLE VI 
H-21 UNIFORM TREATMENT 

Or t SYt: 

i  Band SPL Noise Reduction 
SPL* 

Treated 
SPL 

Predicted 
cps Initial Required Predicted (10C'<. Encl) (98% Encl) 

1 2 3 4 5 

20-7;) 104 - - 104 104 

75-1:50 106 2 - 106 106 

I5Ü-30Ü 97 - 3 94 94 

300-600 
i 

96 '- 6 90 90 

600-1200 99 9 13 86 87 

1200-2400 102 16 20 82 87 

2400-4800 92 17 22 70 75 

4800-lCkc 87 12 42 45 67 

«Treatment Q)   Weight 0.18 lb/ft* - Reference Table I 

TABLE VII 
H-21 COCKPIT TREATMENT 

Octave 1  '  JPL* SPL 
Band SPL Noise Reduction Treated Predicted 
cps Initial Required Predicted (1007. Encl) (987. Encl) 

1 2 3 4 5 

:o-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-^400 92 6 7 85 75 

2400-4800 88 13 15 73 75 

4800-lökc 80 24 56 64 

«Treatment 0 Weight 0.063 lb/it2 - Reference Table I 
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Measured sound levels in the H-21 cockpit are tabulated in Column 1 
of Table VII,  A blanket weighing .063 lbs/ft2 (composed of 1" 
riberglas with a .002" vinyl backing)  applied to tha bulkhead directly 
behind the pilot 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 III.  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 sound treatment of the ti-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 questionable whether such measures would 
prove valuable In any event since the extreme lack of absorbtion will 
tend to minimize any benefits derived. 

Furthermore it seems to be general practice to fly aircraft of the 
H-13, H-23 type with doors removed in 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 
occupy about 20% of the enclosure their effect 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 Table VIII shows the noise level measured at a typical 
cockpit position during the Task 1 measurement program (Figs. 84 and 
174). The level is virtually uniform throughout the entire enclosure. 
Column 2 lists the attenuation required to comply with the proposed 
specification. Review of Fig. 165 shows that main and tall rotor 
noise by themselves will lust about comply with this specification. 
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TABLE VIII 
H-23 ENGINE MUFFLER 

Octave 
Band SPL Attenuation SPL 
cps Initial Required Predicted Treated 

1 2 3 4 

20-75 105 1 3 102 

75-150 10, 3 10 97 

150-300 Hi 7 11 100 

300-600 M4 8        14 90 

600-1200 )(, 6 - 96 

1200-2400 90 4 - 90 

2400-4800 83 8 - 83 

4800-lOkc 74 - - 74 

Below 600 C[JS the problem in  almost solely engine, and above 600 cps, 
transmission noise predominates. The approach then is to reduce 
sound pressure levels of these two items at their respective sources. 

Engine uoisc can be most effectively reduced by means of a suitable 
muffler, probably of the resonant chamber type. One such muffler was 
designed by Northrop \ircratt, Inc. (Reference 15) for 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 pouiuls. Since the H-23 and Bell MoHel 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 15. Coluwi 4 
is the predicted SPI. after incorporation of the muffler. 



TABLE IX 
H-23 ROTOR XMSN ENCLOSURE 

Oc t ave 
Band SPL Transmis sion Loss SPL* 

cp3 Initial Required Predicted Treated 
1 2 3 4 

20-75 ,05 
~ 

- 105 

75-150 10 7 - 107 

150-300 111 - - ill 

300-600 104 - 8 36 

600-1200 96 2 11 85 

12O0-2A00 yo 1 6 84 

2400-4800 83 6 8 75 

4800-lükc 74 - 9 65 

*Treatment    Weight 0.40 lb/fu^ - Reference Table II 

Sound pressure levels with the muffler installed are predicted to 
i->redouilnate in the transmission frequency.  The remaining enclosure 
has been designed to meet the i-equirements of strength as well as 
acoustic requirement.-, of the transmission frequency hand. This en- 
closure consists of aa aluminum panel for rigidity, with a 0.009" 
impervious vinyl backing on r. one inch blanket of Fiberglas. Column 1 
of Table IX is a relisting of the measured SPL.  The transmission loss 
provided by the aluminum-vinyl-Fiberglf.s combination is listed in 
Column 3 of Table IX.  These numbers assume 107. uncoverable are« ind 
were obtained by use of Fig. 52 of Reference 14. 

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. Ai 300-600 cps it is assumed 
that the lower 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 IN CABIN 

Octave 
Band SPL Noise Reduction SPL 
cps Initial Required Predicted Treated 

1 2 3 A 

20-75 105 1 3 102 

73-150 107 3 10 97 

1S0-300 111 7 n 100 

300-Güü 104 8 8 96 

600-1200 96 6 11 85 

12Ü0-24Ü0 90 4 6 84 

2400-4800 83 8 8 75 

4800-lOkc 74 - 9 66 

4. 1-22 

The n-37 configuration is divisible info three separate general areas, 
and requires three separate treatments: the cockpit, the forward 
cabin 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, Fig. 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 items. 
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TABLE XI 
H-37 ROTOR TRANSMISSION ENCLOSURE 

i     Oc t ave SPL* SPL 
j   Band 

20-75 

SPL Transmission Loss Treated Predicted 
Initiil Required Predicted (100% Encl) (987. Encl) 

1 2 3 4 5 

100 - - 108 108 

75-150 109 3 - 109 109 

150-300 111 1 - 111 111 

300-6ÜÜ 112 4 3 109 109 

bOO-1200 118 11 12 106 106 

1200-2400 114 11 19 95 100 

2400-4800 106 10 30 76 89 

4ö00-10kc 99 10 41 58 82 

^Treatment Q)    Weight 0.18 lb/ft2 - Ref. Table I 

TABLE XII 
H-37 AFT CABIN TREATMENT 

Octave SPL* SPL 
Band SPL Transmiss ion Loss Treated Predicted 
cps Initial Required Predicted (100% Encl) (98% Encl) 

1 o 3 4 .. 5 

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 94 

2400-^800 107 11 40 67 91 

4800-10kc 99 10 50 49 83 

Treatment Q Weight 0.60 lb/ft2 - Ref. Table II 
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Sir.cü :!;.- aircraft as delivered ha» üO blanketing installed, the 
treatment for the cabin area must credit the increase in absorption 
as was the case with the H21 discussed in Part 2 of this section. 
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 weight would be required over the entire general area. As pre- 
viously discussed it is considered advisable to grant deviation in 
such cases and the .16 lb/ft2 treatment, 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. 

Forward cabin treatments are developed in Table XIV. 

TABLE XIII 
H-37 GENERAL CABIN TREATMENT 

Oc t ave SPL* SPL 
Band SPL Noj.se Reduc.ion Treated Predicted 
cps Initial Required Predicted (100% Er.cl) (98% Encl) 

1 2 3 4 5 

20-75 109 5 - 109 109 

!   75-150 106 2 - 106 106 

150-300 no 6 2 108 108 

300-600 108 12 13 95 96 

600-1200 107 17 23 84 91 

1200-2400 103 17 26 77 86 

2400-4800 96 21 37 59 78 

4800-lOke 89 14 48 41 74 

♦Treatment 9 Weight 0.16 lb/ft2 - Ref. Table I 
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TABLE XIV 
H-37 CLAMSHELL DOORS 

Oc t ave SPL* SPL 
B*nd SPL Noise Reduction Treated Predicted 
cps Initial Required Predicted (100% Encl) (96% Encl) 

i 2 3 4 5 

20-75 ill 7 2 113 113 

75-150 102 - 2 100 100 

130-300 108 4 4 104 104 

300-600 103 7 8 95 95 

600-1200 100 10 17 83 85 

l200-k400 98 12 19 79 84 

2400-^800 92 17 28 64 76 

4300-lOkc 84 9 38 46 69 

♦Treatment & Weight 0.077 lb/ft* - Ref. Table I 

The cockpit area is almost entirely enclosed in plexiglass and 
therefore ic not amenable to absorption treatment.  Since cabin levels, 
untreated, are lower than those in the cockpit, it can not be expected 
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 1 of Table XV presents the sound pressure level at the ockpit 
window (Position 1) and Column 2, the additional T.L. required. The 
present window weighs .76 lb/ft2, and Column 2 is the T.L. required oi 
a replacement window.  Assuming no resonances and applying rigid 
panel mass law, the new plexiglass (ibeut 3/4" thick) will weigh 4.4 
lb/ft2. Similarly the nontransparent area T.L. will be treated as 
shown in Table XVI. 
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TABLE XV 
H-37 COCKPIT WINDOW AREA 

Cctave 
Band SPL 

"■ ■■   -   

Noise Reduction 

   ■■   —i 

SPL 
cps Initial Required Predicted Treated  I 

l 2 3 A 

20-75 112 8 10 102 

/S-150 105 1 14 91 

150-300 104 - 16 88 

300-S00 105 9 14 91 

600-12ÜÜ 100 10 14 86 

1200-2400 96 10 15 81 

2400-4300 8y 14 16 73 

4800-lOkc 81 6 15 66 

TABLE XVI 
H-37 COCKPIT BLANKET AREAS 

Octave 
  

SPL* SPL 
Band SPL Noise ieduction Treated Predicted 
cps Initial Required Predicted (100% Encl) (98% Encl) 

1 2 i 4 * 

20-75 110 6 110 110 

ic-ug 104 - 6 98 98 

150-300 107 3 10 97 97 

300-000 108 12 16 92 94 

60Ü-1200 104 14 24 80 86 
i 

1200-2400 97 11 32 65 79 

2400-4800 90 15 40 50 74 

4800-lOkc 81 6 50 31 64 

Treatment Q height 0.&0 lb/ft2 - Ref. Tabla II 
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It is perhaps true that a somewhat lighter 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 ehe 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-lA 

Sound pressure levels throughout 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 requirements and heavici plexiglass panels as derived 
in Tables XVII and XVIII. The absorption due to additional blanketing 
remain essentially unchanged and thus no direct benefit beyond trans- 
mission less can be realized. The windows (Table XVII) are designed 
for the 600-1200 octave band rather than the much higher weight 
dicta.i_d by the 20-75 cps band. 

TABLE XVII 
HU-lA CABIN TREATMENT 

Octave SPL* SPL 
Band SPL Noise Reduction Treated Predicted 
cps Initial Required Predicted (10W Encl) (98% Encl) 

1 2 3 4 5 

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 5 18 77 81 

1200-2400 88 2 26 62 71 

2400-4800 80 5 34 46 63 

4800-lOkc 70 - 44 26 54 

»Treatment Q Weight 0.31 lb/ft2 - Rcf. Table II 



TABLE XVIII 
HU-1A COCKPIT WINDOW AREA 

C ■;• t ave 
Band SPL Noise Reduction SPL 
cps Initial Re-juired Predicted Treated 

1 2 3 4 

20-75 112 8 4 108 

75-150 108 4 4 104 

150-300 105 1 6 99 

300-600 1G2 6 7 95 

600-1200 96 6 6 90 

12OU-Ü4O0 86 - 5 81 

2400-4800 79 4 7 72 

4800-lCkc 75 - 5 70 

Fig.   179  illustrates  the compüsice  treatment  for the HU-1A 

6.     YHC-1A 

The YHC-1A affords a unique opportunity in that test data and noise 
reduction treatment details are available for the aircra'.t 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 analytical designs used 
for the other four aircraft studied. 

Tables XIX through XXII show in Column * the SPL recorded in the air- 
craft as initially configured. Column 2 is the reduction required to 
comply with the proposed specification and Column 4 is measured data 
after treatment. Column 3, in this case, was ootalned by subtracting 
Column 4 SPL from those of Column i. 

Figure 181 illustrates the composite treatment for the YHC-1A. 
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TABLE XIX 
YHC--1A AFT CABIN TREATMENT 

Octave 
Band SPL Transmission Loss SPL 
cps Initial Required I   Measured Treated 

1 ■> 1 4 

20-75 ioy 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 

4800-lOkc 93 18 21 72 

TABLE XX 
FORWARD ROTOR TRANSMISSION TREATMENT 

Octave 
Band SPL Transmission Loss SPL 
ops Initial Required Measured Trained 

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 

240C-4800 92 17 21 71 

4800-iCkc 84 9 23 61 
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TABLE XXI 
YHC-1A GENERAL CABIN TREATMENT 

Octave 
Band SPL Noise Reduction SPL 
CpS Initial Required Measured Treated 

1 2 3 4 

20-75 108 4 3 105 

75-150 105 1 1 104 

150-300 102 - 8 94 

3C0-600 104 a 
KJ 12 92 

600-1200 98 8 14 84 

1200-2400 91 5 13 79 

2400-4800 89 14 13 76 

4800-lCkc 65 10 13 72 

TABLE XXII 
YHC-1A COCKPIT TREATMENT 

Octave 
Bar.d SPL Noise Reduction SPL 
cps Initial Required Measured Treated 

1 2 3 4 

20-75 108 4 10 98 

75-i5u |   101 - 8 93 

150-300 92 - 2 90 

300-600 102 6 9 93 

600-1200 10? 17 10 97 

1200-2400 99 13 12 87 

2400-4*00 91 16 14 77 

-800-lf>c 81 6 16 65 
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Performance Penalties 

Tables XXIII through XXVil present calculations of the weight penalties 
which would be incurred by adoption of the proposed specification. 
All areas are estimated from drawings or by measurement on actual 
aircraft.  Weights of existing treatments were supplied by the cus- 
tomer.  In eatli case both weight increment and total weight required 
are shown.  It is important to note that most of the aircraft tested 
[ailed to comply with the limits set forth in Table IV of MIL-A-88C5. 
However, the weight of acoustical treatment required to achieve this 
compliance uould be virtually the same as that which is necessary to 
meet the proposed specification. 

Table XXVIII and Fig. 182 summarize the weight and range penalties 
incurred.  It may at first appear paradoxical that the HU-1A which was 
well liked by the pilots requires the highest treatment in percentage 
of gross weight while the H-37 which was considered very objectionable 
requires the least.  There are two explanations for this;  First, the 
H-37, as delivered, has no noise attenuating treatment installed, and 
ihus ehe improvement derived is more impressive than that which 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 sound pressure levels, 
and the treatment (Table XVIII) is dictated by the 300-600 cps octave 
band.  As has been discussed r-eviously, 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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RECOMMENDATION FOR REVISED ACOUSTICAL CRITERIA 

I. INTRODUCTION - Task III 

This section specifically covers the Task III work and reviews 
Military Specification KIL-A-8806 (ASG), 25 October 1956 in the 
light of the findings of Tasks 1 and II. 

The primary purpose of this report is to establish acoustical 
criteria for procurement of future Army aircraft. This implies 
not only new airplanes and helicopters but also VTOL/STOL aircraft 
with propulsion systems and lifting mechanisms which at the present 
have experienced little or no flight time. Obviously, aircraft of 
these types (such as tilt wings, ducted fans, etc.) have been flown 
by a very few pilots and insufficient comment on noise is available 
to permit their direct inclusion in the study.  It is necessary, 
therefore, to apply criteria based on existing aircraft to the newer 
types of VTOL/STOL aircraft 

II. COMPARISON WITH MIL-A-8806(ASG) 

MIL-A-8806(ASG) dated 25 October 1956  titled  "Military Specifi- 
cation - Acoustical Noise Level in Aircraft, General Specification 
for," specifies noise level limits under four separate flight 
conditions: 

1. Paragraph 3.1.1 specifies noise levels at maximum continuous 
power. 

2. Paragraph 3.1.2 specifies noise levels for short duration 
conditions, not exceeding five minutes. 

3. Paragraph 3.1.3 specifies noise levels at maximum continuous 
power in aircraft in which personnel must necessarily wear 
helmets at all times and communicate by electronic means. 

4. Paragraph 3.1.4 specifies noise levels during conditions of 
normal cruise power. 

As stated in Paragraph 6.2.5 the limit* prescribed in MIL-A-8806 were 
developed from considerations of damage to hearing, speech communica- 
tion requirements, and effects on crew performance. The study carried 
on under this program essentially constitutes a re-evaluation of 
these factors In light of the latest medical thinking, and incorporat- 
ing pilot reaction gained on more modern aircraft. This is most 
important due to the great advancements In rotary wing aircraft made 
daring the 1956-1960 period. 
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Paragraphs 3.1.1 through 3.1.3 of MIL-A-8806(ASG) apply to short 
duration exposure only and as juch were not directly research-ad in 
that all pilot responses to the Task II survey are assumed based on 
the cruise environment in which the pilot spends the majority of his 
time.  Inti rrogation of medical personnel was also primarily based 
on the cumulative effects of exposures averaging about four hours 
per day.  For exposures of approximately five minute duration there 
is little question thctt the levels prescribed in Paragraphs 3.1.1 - 
3.1.3 are acceptable. 

It is essentially the limits set forth in Paragraph 3.1.4 and Table 
IV of MIL-A-8806(ASG) which have been re-evaluated by this current 
program. Medically, the Department of Speech and Audiology at Walter 
Reed Army Hospital feels that even these limits aie perhaps excessive 
(Ref Task II, Section IV--B) but there is little evidence from 
actual field experience to indicate that the present ui^ironment in 
which At/my pilots find themselves is resulting in a significant 
amount of hearing damage.  Admittedly, some cases have been reported, 
but since there is a wide scatter of susceptibility to hearing dam- 
age, which is impossible to predetermine, it can be safely assumed 
that continuation of specifications no higher thari those currently 
applicable will be satisfactory. 

The crux of the matter then lie.-, in the pilot reaction to noise 
environment in the cruise condition. A comparison of the results 
of this study is made with Table IV of MIL-A-8806(ASG) in Fig. 157. 
As is indicated there is an expression of requirement for additional 
relief above 2400 cps. The major sources of noise in this higher 
frequency range are predominantly harmonics of transmission gear 
contact frequencies, and tuibine inlet and compressor stages. These 
axe generally manifested as discrete frequencies or pure tones which 
are considerably more irritating than »n equal level of broadband 
noise. 

If it were poüiblc to develop an easily measurable and simply inter- 
pret&ble criteria which were based on pure tones, it would be strongly 
advisable to use such a concept as the basis for fn.-iiuiating future 
criteria. Unfortunately no absolute measurement or criteria exists 
for this rather intangible quality and even close scrutiny of the 
narrow band analyses (Figs. 105-135) fails to clearly convey, in all 
cases, the presence of particularly annoying gourds. However) the 
rotary wing aircraft included in this study all possess to some de- 
gree pure tone components in their acoustical spectra. There Is an 
indirect inclusion of this effect in the octave band level limits. It 
is believed that the primary reason that more high frequency relief It 
sought by todays pilots as contrasted with that re uired in 1956 is 
that the characteristic of the high frequency noise to which they art 
being subjected has changed in character from broadband to discrete 
frequency peaks. 
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ill.  EFFECT OF ACOUSTICAL TREATMENTS 

A review of Section V, Task II will reveal the acoustical treatments 
required in Army aircraft are nearly always dictated by requirements 
between 300 cps and 1200 ops.  This is established by the crossover 
of source intensities which generally decrease in the higher octaves 
and treatment efficiency which improves rapidly with frequency. 
Since the resulting treatments generally show an excess attenuation, 
ovei Lhat required, in the highest octave bands it might appear that 
compliance with the present Table IV of MIL-A-8806(ASG) will also 
insure automatic compliance with the specification resulting from 
this study.  This would be true if it were not for two factors: 
Firstly, the high attenuations at Mgh frequencies predicted by cal- 
culation often fall far short of those actually attained.  Thia is 
not so much a lack in the analysis as unavoidable imperfection of 
application which permits short circuiting of the treatment by flank- 
ing paths.  Secondly, and most important, is the fact that these 
treatments were all applied Lo aircraft of the current day fixed and 
rotary wing types. The purpose of this program is to designate a 
specification for procurement of future Army aircraft which may have 
radically different acoustical signatures from those currently ex- 
perienced. Some valuable insight into this problem can be gained by 
examination of Figs. 36, 39, 42, 45, 48, 51, 54, 57, 60, 63, and 65 
each of which shows external noise levels generated during flybys 
of various aircraft tested. When compared on the basis of 100 ft. 
altitude directly over the microphone the first ten aircraft (air- 
planes and helicopters) all display maximum amplitude in or below 
the 150-300 cps band while the last which is a ducted fan VTOL peaks 
in the b00-1200 cps band. From all present indications the newer 
propulsion systems and lifting devices can be expected to shift 
future frequency spectra upward placing increased importance on the 
proposed departure from MIL-A-8806 as currently existent. 
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L-20     NOISE SPECTRUM 
POSITION        7 PILOTS EAR LEVEL 
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L-20     NOISE SPECTRUM 
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L-23     NOISE SPECTRUM 
POSITION PILOTS EAR LEVEL 
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L-23     NOISE SPECTRUM 
POSITION        20       EXTERNAL 
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IHA     NOISE SPECTRUM 
POSITION PILOTS EAR LEVEL 
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U-IA    NOISE SPECTRUM 
POSITION       17        CABIN 

 i,. ■ywifin' 

HO 

•0      <    I ;  V»   •   y 

»0 '    ,' 

TO 

CO 

80 

0 

„.■■:,*/vv>->■''•''■-* ■'■"'■' ■*■/' <*.^....r.,...» . 
';,^v^v^Vw/,/*'^^MWA* ̂  

90 100 ISO 600        itU        Mil!        »Bii bo     -too     4o     »bo     »bo     too     tic     TOO     rko 

ol no 
fit g »0 

^ M   '•>'  'vv.; ,■ ■,  ,",',/A ,..;.,.,'■ ■"■„'.,.. --/v,..v 

I » 

m w -        
5 M  - - - ~ —    ■■ 

_J     »'"J    »so     »be    »so     >doo    J»o    i i6o     iiio     n'oo    n'fto    iibo     i&o     4oo   dm    itoo    tjie    As 

''^>y-'^V\^ 

100 

»0 

•0 

TO ' 

»0 

M ' 

\ .  f . '.'...■   ....'.UIJ/T.. U'jAjVinAJIi 

ITOO     rmi     i»ou    i»'so 

t'-'T 

I i t 

^WtfW^^iM^i 

1(30      IHO       1000     tO»0      If 000 
i 

»no    id»   uU   ttto   Uoo   ike   »IM  MM 

i« 

00 

M 

10 

M ' 

V^y*.*' 

*M)0       »000      «MO •so   «ooo  »teo   MMO   tooo   tioo  MM   rsoo   noo   MOO   (too   MM  MM gUt 

FREQUENCY-(CPS) 

IGUHl",      1!/ 



U-IA     NOISE SPECTRUM 
POSITION        19        EXTERNAL 
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H-13     NOISE SPECTRUM 
POSITION II PILOTS EAR LEVEL 

110 

IO0 

90 

80 

70 

60 

50 

'■'1\p*V;" 'rW :.;',il. 

" >■ 

50 100 150 200        250        500        350        400       450        500        990        600        690       700        750 

110 

100 

90 

80 

TO 
60 

»0 

.:• '■,:?'.:■;:,■*>•, :■■<:, >t>l; ■',..^4^,^^^ 
I 

-J 
LJ 
> 

I        sbo       650        900       950        1000       1050       MOO        1190        1200       1250       1300        1390        MOO      1490       1900       1990       MOO 

LÜ 
tr. 
CO 
CO 
UJ 
o: a. 

Z> 
O 
CO 

no 

KXJ 

»0 

60 

70 

60 

50 

*>^»:vA¥^^^ 

«90       iroo      1750       1600      1690      1900      1*90       2000    ÜOSO      2O0       2190      UuO      tt90      1300      1990      MOO     1490 

KK) 

90 

90 

70 

60 

90k 

40    - 

'W'.v» 

2900      »000     3900     4000    «SOG      oüuü      9900     6000     6900      7000     7900     9000 9000     9900    VkpOO 

FREQUENCY-(CPS) 
KIGUKI:    114 

16/   - 



H-13     NOISE SPECTRUM 
POSITION        22       EXTERNAL 
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POSITION II CABIN 
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H-21     NOISE SPECTRUM 
POSITION 27        EXTERNAL 
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POSITION        i! PILOTS EAR LEVEL 
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H-23     NOISE SPECTRUM 
POSITION        21        EXTERNAL 
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AIRCRAFT RATING FOR 
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CORRELATION OF P'LOT OPINION 
WiTH LOUONESS FROM MEASURED DATA 

QUESTION 7 - NOISE 
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CORRELATION OF PILOT OPINION 
WiTH LOUDNCSS FROM MEASURED DATA 
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PILOT ACCEPTANCE LEVEL 

BASED ON QUESTION #7 
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COMPARISON (IF  Mil -880»   IV  WITH 
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COMPARISON OF RATINGS 

U 
hi 
in 
W 
O 
U 
z 
o 

;   • - 

a I.NOI,. 

— 

PURE TONES   

'               > 

5 
6 

4 %; 

■v^ 

2 _ 

' 

c^- o» 
0 

j 
M •—« 
> 
u 
j 
w 

rl       O 2 Hz                         V 
-*            Ui            ^'1           'f            iL 

A                        J      w      u      o      2 
Si!                                 W         U,         o         o          , 

w                g    a    s    ?    5P 
Z       g         i         .        u 

$                                        J          w           O           o           o 
4 

W                          J       I:       S       2       g 
£                                   <         U         -         N         * 
p        :c                      U         U         4         J         J 
o     z               >      a.      a.      a,      a, 
j a 0 w w w v. 

Wj 

?.0ö 



COMPARISON OF NOISE SPECIFICATIONS 
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COMPARISON OF MIL-A-8806 
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ACOUSTICAL  BLANKET DESIGN CURVES 

FOR VINYL-FIBCRGLAS  BLANKETS 
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ACOUSTICAL BLANKET QESIiVN CURVES 
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IDENTIFICATION OF NOISE SOURCES 
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IDENTIFICATION OF NOISE SOURCES 
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Analysed By 

COIÄiS-BÄüü ÄEALKSIS SHEET 

DAXK 

A/C - 

L-.-20- 

TEST 

1 

■ 

LOG. ÜQTO. Ocatve-Baoi Preaau?« Levels   Re. ,0002 aicrobar 

20- 
75 

75- 150- 
300 

300« 
600 

6oo- 
1200 

1200- 
2400 

2-£0- 
>tdoo 

above 
1*800 

l 
i 

GROUND 
RUN 88 98 96 91 86 8Q 75 72 

2 
\ 
l 89 97 96 89 84 73 73 74 

3 96 97 9S 89 83 80 7't 73 
 «i 

4 99 98 94 89 SI 
1 

68 

69S 

b 93 96 > - 

87 

86 S! 76 osj 
6 100   |    92 78 67 60 51 i 
1 95 93 88 86 82 78 71 63 

8 98 96 94* 94 94 87 79 n 
9 96 97 93 92 91 86 79 74 

10 86 96 92 92 90 86 80 76 

11 91 95 94 92 89 84 78 73 

12 88 95 96 91 88 86 79 73 

13 103 104 103 96 89 87 84 82 

■wa» 14 109 105 99 90 86 80 69 65 

IS 102 104 102 99 103 98 90 80 

£ 16 95 103 103 100 97 89 82 80 

17 84 91 89 82 72 69 66 63 

18 GROUNI 

RUN 
83 Ql 91 83 76 67 63 6C 

2 b 2 . 



Analysed Bjr__  

OCTAVE-BAND ANALYSIS 3 SHEET 

DATE 

A/U   - 

L.-20« 

TACIT 

1. 

LOO, | UOND, Ocatve-Band Pretaure Levels   Re. ,0002 ■lorobai 
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75 

75- 
150 

150- 
300 

300- 
600 

6oo- 
1200 

[1200- 
2l»00 

2kO0- 
l»800 

above 
l»800 

., 
GROUND 

RUN 91 Sk 91 86 79 72 66 M 

?.o 96 95 92 82 72 68 bk 58 

21 90 93 91 83 

75 

72 71 6k 59 

22 31 86 79 62 55 kl 58 

23 88 89 87 83 77 70 65 62 

Ik 92 90 87 84 79 75 65 58 

25 88 90 86 80 77 72 66 62 

26 Sk 89 85 78 69 63 55 52 

67 27 
> I 

85 89 87 81 7k 71 68 

28 GROUND 
RUH 81 90 88 80 7k 73 69 66 i 

i 



Analyst I By 

OCTAVS-BAHD AHaKfSIS SHEET 

L -23 -1 

LOÖ. COHD. Ocatv*-Band Pressure Levels   Re. .0002 alcrobar 

20» 
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75- 
150 

150- 
300 

300- 
6oc 

1 0} 

&o- 
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1200- 
2l«00 

2fcOO> 
4800 
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4600 

i GROUND 
RUN 104 no 86 79 72 

■I 1 
1 i   95 98 107 106 

1 04 

91 

96 

I 00 

90 

86 

93 

78 71 

3 99 103 no 8! : 72 
1 
1 

5 

94 ;     100 1 ! 0 

69 

»n i 

88 96 99 82 79 f-1 

6 100 96 90 87 78 71 62 52 

7 90 98 104 99 92 83 73 64 

8 98 102 no 106 98 85 76 67 

9 96 100 io8 106 95 83 71 63 

10 96 105 no 104 95 82 73 67 

11 96 104 108 101 94 87 77 71 

12 96 102 106 99 92 88 79 72 

13 107 110 118 112 106 99 88 80 

6 

lit 113 109 104 102 92 85 75 65 

i5 105 108 115 111 99 91 81 75 

16 96 108 108 105 100 94 85 77 

17 < 90 97 102 95 80 73 66 60 

18 
GROUND 

RUN 84 95 100 » 80 72 65 60 

juk 



1 

OCTAVE-BÄHE AHAJUT8I 

Analysed By 

3 BUSES 

mxs 

L-2« (-1 
1 

LOO. OOND. 1 Ocatve-Baad Presiure Levels   Re. .0002 nlcrabar 
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300 

300- 
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1200- 
2l«00 

2*00- 
il600 

above 
<|600 

19 
GROUND 

RUN 91 95 1Ö0 98 90 82 74 66 

21 

: 
87 97 102 95 89 82 73 64 

83 91 96 90 

70 

83 80 73 64 

22 90 86 81 61 54 42 35 

23 78 88 88 80 66 61 52 44 

Ik 89 92 100 93 86 76 67 58 

25 85 92 100 98 86 72 60 49 

26 86 95 102 96 85 74 68 63 

27 ' 1 88 96 101 91 80 75 69 65 

28 GROUND 
RUN 82 98 92 88 81 76 71 64 

i 
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raHznjMKfcsisaEfrt« «si 

A/C - TBS' 

U-1A-1 

OCTAVI-BAHD ANAUrSIS SHEET 

. .——„«.. ■"*                                                                                                      i ****"W —, ,  
LOC, «JOND. Öcatve-Band Preiiw« IAY*1«   Re. .0002 aicrobar 

20- 
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■ 
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150 
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300- 
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V / 

■n 
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64 
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IS.00- 
S&OG 

84 

80 

78 

■:.', 

82 

65 

shoo- 
HOUÜ 

76 

73 

72 

atovd 
<täoo 

rr.i 1 HOVER 95 97 97 

[i i 
96 98 97 

Jl 

68 

3 95 101 i 6b ] 

4 96 98 76 1 73  I 

5 91 99 95 V \ H  \ 

6 103 99 ^2 Bi 59 52 

7 87 97 90 90 82 80 71 62 

8 92 99 98 96 92 86 78 73 

9 93 102 99 9J 86 79 72 66 

10 87 98 Jl •jfj 92 64 76 67 

11 87 96 95 93 92 85 76 68 

12 84 98 94 91 88 84 76 69 

13 103 107 103 102 91 di 80 74 

1 

14 112 109 107 96 87 30 74 67 

15 101 109 106 103 100 92 83 77 

16 102 105 103 103 96 91 84 11 

17 
i 

83 90 89 82 77 75 69 61 

■ 
HOVER 

85 91 91 87 78 72 66 60 

2k. 



AaalystA Sy 

OCZAYI-BMB AM2XBXS SHEET 

MXR 

A/C -TOP 

U-1A-1 

w: 00NS, Ooktvo-Bud FrtMur* Leval«   Re. .0008 ■loröbur 

20- 
75 

75- 
X50 

150« 
300 ST 600- 

1200 
1200- 
24oo 

2*00- 
»(800 

abor» 
Woo 

19 HOVER 88 94 89 88 79 71 65 60 

20 
k 

89 91 87 85 76 7k 67 60 

21 86 92 87 81 71 68 58 k9 

22 78 80 72 63 5k 50 45 38 

23 84 Q» *>  • 84 80 70 63 56 kB 

24 88 90 89 84 75 68 59 53 

25 78 86 85 81 76 68 6' 54 

26 84 90 89 81 73 68 61 53 

27 f 80 88 89 82 76 75 71 64 

28 HOVER 80 92 87 8! 79 77 73 65 

1 A 

r 

1» 
. 

2U/ 



i        Analyzed .jy 

OCX MB-BASD AMIXSXS SHEET 

BATE 

H-13-1 

LOC. com. Ctai.vf-u id Pressure Levels   Re. »0002 raierobar 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

6oo- 
3500 

1200- 
2400 

2400- 
4800 

abcve 
4900 

1 HOVER 81 85 90 84 82 80 76 65 

2 
* 

1 
84 88 SO 85 as 82 76 67 

3 86 89 90 86 82 81 77 72 

4 87 91 95 89 37 Hi • 0 T>-,      I 

5 OH 92 100 Qk 87 83 1(~ 70 

6 83 93 101 96 85 78 70 63 

7 84 91 100 92 87 85 77 70 

8 85 90 96 89 89 88 85 77 

9 86 88 91 84 82 84 80 73 

10 84 87 89 85 83 79 76 68 

11 80 82 89 82 81 83 76 67 

12 79 85 93 88 75 70 62 56 

13 93 95 96 94 89 89 86 79 

— 14 ' 94 100 108 105 94 90 82 74 

15 95 96 98 94 91 90 86 79 

i 16 90 90 98   j 91 85 80 72 66 

17 1 74 78 83 74 64 63 58 51 

18 HOVER 77 81 82 73 65 65 59 52 

248 



Analyst L«y 

0GTAVI-BA1D AJKUfSXS SHEET 

OAXX 

A/c - 

H-13- 

TSST 

1 

LOU. ÜOND, | Ocatva-Banl Praamira Levels   Ra. ,0002 ■lorobai r 

20- 
75 

75- 
150 

150- 
300 

30O- 
600 

600- 
1200 

1200- 
2too 

2400- 
4600 

above 
4600 

'     1 r> HOVER 8! 84 86 79 66 66 62 57 

20 80 84 88 80 70 67 62 57 

21 78 84 92 84 70 67 59) 51 

.22 74 86 94 89 71 66 60 :52 

23 77 85 93 87 76 72 66 58 

2if 81 84 84 82 73 72 69 60 

25 82 85 86 79 71 72 69 62 

26 78 81 83 74 66 67 66 57 

27 1 7** 77 83 74 69 69 64 1   54 

28 HOVER 73 76 86 80 64 61 57 48 

r 
1» 

240 



L. OCTAVI-BA]ID AHAItfSXfl SUES? 

DASB 

H-21 -1 

iss: 

i 

rm ddJ, Oattvt-Bui PrtMurt Uvtli  I •. .0008 «lcroUr 

80« 
75 

75- 
150 

150- 
900 

IOS 

102 

\0<$ 

99 

102 

1200 
1 

 94_ 

95 

95 

9<* 

90 

1800- 
8400 

9)._ , 

88 

66 

e7 

"* 87 

2to» 
4300 

6k 

81 

80 

I* * 

b2 

afcw* 
1»800 

78_ 

75 5 

HOVER 109 108 

1 2 i no 109 105 

3 m 109 iuö 7^< 

if no 109 106 

103 

7" j 
76" 

81 

5 

6 

7 

107 106 

102 105 106 1    93 93 88 

106 110 105 96 92 87 81 74 

8 105 111 106 99 90 85 79 71 

9 110 109 105 98 19 82 76 70 

10 109 111 !C6 102 96 89 82 75 

11 107 110 108 102 92 88 82 77 

12 106 106 104 100 92 83 82 76 

13 119 116 112 108 100 94 88 81 

i 

14 111 114 114 109 109 103 99 93 

15 117 117 113 104 96 92 86 79 

16 106 109 114 110 102 99 93 88 

17 101 101 98 90 84 80 75 67 

18 HOVIft 106 102 100 96 85 79 73 67 

n * r 



1 
OOXAVX-BARD AHAUSI 

Analyzed By 

3 SHEET 

DATE 

A/0 - 

H-21- 

fS3S 

■1 

LOC. ocm. | Ocatve-Baai Preisura Leva!«   Ba. .0008 ajLorcba? 

20- 
75 

75- 
150 

1 150- 
300 

3QG- 
600 

600- 
1200 

1200- 
2too 

2400- 
W00 

above 
4600 

1.. 
1^ 

HOVFR l r\r\ 
1 UU 

no 
3U 

nr nn Co 76 
1 » 62 

on 
! '.'V 

) n-> 1 u^ QQ 88 83 78 72 65 

21 101 99 96 84 83 80 73 64 

22 95 98 97 86 87 83 75 68 

23 99 103 99 88 83 80 71 62 

24 104 106 101 86 80 75 68 62 

25 101 101 94 87 79 72 67 60 

26 105 106 99 90 82 80 73 69 

27 | 100 i 03 101 92 86 80 76 70 

28 HOVER 93 98 96 89 83 79 71 64 

r 
ii 

?c, 



OOEAVi-BM© AHAUfBIS SHEET 

Anfttysed By                                                              DAIS 

A/C - TEST 

H-23-1 

MO. | ÜONQ. I Ocatvfr-Bud Pressure Level«   Be. .0002 aierobv* 

1 
75 

mm 

150 300 600 
6oo- 
1200 

U200- 
2*00 

2*00- 
1)800 

»tar* 
4doo 

1 
HOVER 

85 87 91 86 82 77 70 63 

2 
i. 

88 95 89 86 81 73 67 

3 90 93 96 91 87 82 77 73 

k 88 93 100 93 87 81 77 69 

5 86 93 102 97 86 80 72 64 

6 90 97 105 100 89 81 72 67 

7 89 95 109 99 92 !    88 81 73 

8 88 92 101 94 92 90 85 78 

9 88 93 98 92 90 88 83 75 

10 88 
92 

96 90 89 84 79 69 

11 85 t7 91 86 84 80 76 67 

12 85 86 9» 84 79 75 67 

._ 
60 

13 96 99 106 99 97 92 88 83 

i 

14 97 103 110 104 90 88 79 71 

15 98 100 106 99 96 93 87 82 

16 95 96 102 98 93 88 81 73 

17 8! 83 86 79 75 73 66 57 

I ... unucR 

 1 82 85 89 79 75 73 60 57 

W 



OOTAVI-BAHD AHÄUfSIö mpiTO 

Analysed By                                                           DATE 

- * 

H-23- 1 

too. C0H6, Ocatvs-Baod Preeeure Levele   Re. ,CO02 alcrobsj r 

20- 
75 

73- 
150 

150' 
300 

300« 
500 

600« 
1200 

1200- 
2*00 

8400- 
*800 

•feovt 
Woo 

19 HOVER 
83 87 9! 83 82 77 68 61 

20 i , 81 86 94 86 79 76 70 62 

21 82 89 97 90 78 75- 66 59 

22 80 87 95 90 77 71 65 53 

23 82 87 94 88 81 80 77 69 

24 74 79 85 76 71 72 68 !   61 

25 83 87 91 82 78 76 70 67 

26 81 85 89 81 78 77 71 62 

27 
< f 

6u 62 87 80 79 79 .74 62 

28 HOVER 
13 82 82 76 64 71 62 53 

r 
i 

- 253 



Analyzed By 

'.'.JtlA-Jlluw ASWTSX3 asms 

DATE 

A/C  - 

H-34 *  1 

LOC. UQSD, Ocatve-Baad Freaeure Levels   Re. ,0002 alcrcu&r 

20- 
75 

75- 
150 

150- 
300 

300- 
6oo 

6oo- 
1200 

1200- 
2<tO0 4800 

above 
1»800 

1 HOVER 38 99 100 93 6b 84 79 70 

67 L 
i 

Q8 i     Q7 
'    1     " 97 39 83 

88 

9o 

72 74 

i 97 96 9i 

3'j 

8! 

^ .1 

74 67 

4 100 98 96 74 66 

5 98 94 9^ 91 89 83 74 68 

6 100 98 95 91 85 80 77 70 

7 95 103 101 94 92 85 77 70 

8 98 103       99 90 86 78 72 64 

9 100 106 103 94 88 82 76 /0 

10 101 106 !Uj 98 94 85 78 70 

11 99 106 105 98 87 87 81 75 

12 95 102 100 95 84 82 80 76 

14 97 106 105 103 95 93 87 81 

— • 5 116 115 112 104 103 94 87 78 

16 102 109 109 102 98 94 90 85 

i 17 69 92 90 62 74 71 67 59 

18 ' 1 86 89 87 77 72 66 60 54 

19 
HOVER 85 90 87 79 78 70 63 55 



OCTAVE-BAUD ANALYSIS SHEET 

Analyzed By                                                             DATE 

H-ik -1 

t 

LOG. Ü0HD, Ocatve-Band Pressure Levels   Re. ,0002 microbar 

20- 
75 

Ti- 
150 

150» 
300 

300- 
600 

6gC- 
1200 

1200- 
2l|00 

gitOO- 
vaoo 

above 
1»800 

20 
HOVER 

84 91 88 n 82 76 67 58 

I2I A 
8 it f*7 85 

0 r 

78 

76 

87 

84 

80 

72 

Ök 

77 69 60 

22 86 90 69 64 55 

23 90 99 95 78 71 58 

54 24 90 98 95 82 76 67 

25 89 96 91 80 71 68 60 56 

26 89 98 9k 85 78 73 64 56 

27 89 98 94 85 78 73 64 56 

28 HOVER 88 97 94 87 76 73 70 65 

  

i 

3 

1,, 

1 

1 

1 



Analysed ja» 

OOTAVS-BAHD AHADCSIi l SHEET 

BATE 

H-37 -i 

I      _ 
LOC. com), Ocatve-Sand Praaaure Levels   Re. ,0000 alcrofear 

20- 
75 

75- 
150 

150- 
300 600 

600- 
1200 

1200- 
2*00 

2*00- 
1)600 

abor» 
MOO 

i HOVER 107 101 103 99 91 85 78 69 

2 s 105 100 105 99 90 86 79 79 

3 
i  

104 103 107 101 92 86 78 68 

i 
103 104 106 100 92 86 80 69 

5 103 101 i 02 99 90 82 75 63 

i u 106 103 102 98 92 81 78 67 

I 
7 108 105 107 103 99 

  

92 84 72 

8 104 104 \Qi 105 1C2 .98 90 

91 

81 

80 y 108 IOJS 106 103 103 98 

10 101 1C2 105 98 94 89 79 69 

ii 98 96 100 95 88 84 76 68 

11 »* 10' 98 99 Sk 89 83 76 66 

17 91 93 96 89 86 80 74 66 

i 

18 92 95. 98 89 83 78 71 62 

19 94 97 100 92 84 80 74 66 

20 

';■ 1 
4. I 

i 95 96 97 88 87 86 79 70 

JLw i 

93 98 101 92 88 86 to 71 

1 22 HOVtR 94 96 
97 

91 91 86 79 71 

- 256   - 



OCTAVE-BAND AHA1XSI1 

Analyxed By BATE 

H-37 ■1 

LOO. 

23 

UOND. | Ocatve-Band Pressure Levels   Re. ,0002 miarobar 

20- 
75 

75- 150- 
300 

300- 
£00 

600- 
1200 

1200- 
2l>00 

2400- 
Woo 

above 

HOVER 95 97 97 89 86 87 78 70 

Ik 93 97 101 92 88 86 80 72 

25 Sk 98 100 92 87 Bk 79 70 

26 91 96 99 88 82 11 70 64 

62 27 > i 91 93 96 85 82 78 71 

20 HOVER 90 89 9k 87 85 80 Ik 66 

i 
  _  —, 

- 257 



Anadys« lSy 

OCIAVB-BAKD AHAIä'SIS SHEET 

DATE 

HU-1A-1 

LOC. 

1 

OQHD. Ocatve-Baaa Preaiur« Lsvela   Re. ,0002 nlerobsr                   j 

20- 
75 

75- 
15Ö 

150- 
300 

300- 
600 

600- 
1200 

1200- 2*00- 
«•800 

abova 
MOO 

HOVER 
95 90 89 83 80 76 69 70 

2 

3 

i 
96 91 92 90 82 78 70 69 

94 95 94 87 82 79 69 69 

4 95 92 98 93 82 79 70 67 

6 96 94 96 90 82 80 70 63 

7 95 94 97 88 87 82 71 66 

8 97 92 96 94 85 8;i 75 71 

9 92 91 94 90 81 79 71 65 

10 96 90 91 89 82 77 72 70 

11 

12 

95 92 88 81 80 76 69 68 

92 91 88 72 73 70 65 67 

13 104 102 101 94 91 88 81 81 

15 104 99 98 96 91 87 80 77 

i 

16 104 100 98 92 89 83 76 74 

17 85 84 81 70 72 62 58 52 

18 83 84 86 80 70 65 57 54 

19 ' 81 85 86 80 72 67 58 53 

20 HOVER 82 86 87 79 71 68 60 56 

258 - 



ÖOTAVB-BAHD ANAUfSIi 

Analyzed By 

3 em® 

BATE 

HtM.-Afi 

LOG. 0OSÜ, Oeatve-Band. Fresiur« Levels   Re. .0002 alorobar 

20- 
75 

75- 
150 

ISO- 
BOO 

300- 
6oo 

600- 
1200 

1200- 
2400 

2400- 
4900 

above 
1(800 

21 HOVER 86 85 84 7S 73 68 58 52   | 

22 i , 86 83 BO 72 69 66 Si   , 

23 87 89 89 79 76 73 62 57 

24 82 86 87 81 15 ■;k 64 58 

25 85 84 83 81 69 57 49 41 

26 82 81 81 77 69 65 55 52 

27 \ 1 87 87 85 76 75 72 671 67 

HOVER 36 86 82 69 70 63 57 54 

i 

i i 



1 
I 

Analyzed By 

A/C - TK8J? 

YHC-1A-1 

CCSAVX-BAND ANALYSIS SHEET 

DAWS 

LOÖ. COM). Oc»tvo-Siß4 Fiaaiur« Levels   Re, ,0002 aiorobar 

so- 
75 

75- 
150 

150- 
300 

300- 
600 

i 600- 
1200 

1200- 
SliOO 

8*00- 
*&0 

above 
*S0O 

1 HOVER 99 98 98 102 90 82 7* 83 

2 4 
1 

■ im 
1 u*. 100 102 102 Sk 87 78 80 

3 99 96 92 01 86 78 68 63 
k 101 100 100 99 91 83 75 69 

5 . 99 98 97 97 90 82 73 67 

6 99 95 95 97 92 Bk 76 72 

7 95 95 96 97 91 83 76 73 

8 

9 

93 96 95 92 88 81 73 69 

98 98 96 96 89 82 72 67 

10 105 101 99 100 92 85 75 73 

li 97 98 97 99 92 86 79 82 

12 101 100 98 100 9k 86 76 76 

17 90 88 88 85 83 77 71 76 

"■" 18 91 9* 93 87 85 79 71 70 
i « 
'7 

' 
93 94 93 88 82 75 6? 62 

i 20 92 92 95 87 Bk 76 67 59 

21 
V 91 91 91 86 81 7k 65 61 

22 HOVEf 87 88 89 85 83 76 68 62 

260 



s A/C - TEST 

1                                                                                                                                                                                                                    VUC      'A       1 1 I1W -  IM-   1 

üCJi"AV»-SÄiiD AhAiiiisJcJ ÖIÜJ2T 

Aiihi^-jied Jt-j^           _  

«vela   H ioe. Ü0ND, Ocatve-Bead Preaaura I «;  .0002 alerob»r 

30- 
75 

75« 
150 

150- 
300 

joo» 
6oo 

6ö0- 
1200 

aaoo- 
12*00 

£J»00- 
W00 

above 
Woo 

23 
■ 1 t> ' -■. ' ** iiuvtrt 85 88 88 to 31 74      66 J8j 

24 / 
86 89 90 84 82 74 tu 

  — . ..... . ..«„,. .   _.... ....»..-   

25 9i 93 ii * &;;i 8: /3 64 60 j 

26 90 92 90 bi» Ü3 ; l 69 67 j 
27 

■ / ■~™~—— ■ 

88 

7 & 

91 

93 

90 

yi 

86 

8y 

83 76 70 
  

73 

28 HOVER 83 77 68 65 

  --— 

  

  .,„.„,.— 

 _. 

  

Aumm* tu 

 _  

    

— 

£ 
  

—— 

  



A/O - ÄSB 

'     ^-WWfo-16-1 

OOTAVI-BMID AWTOSXS SHEff? 

AnalvMd By                                                        BUB 

wo. «HD. 1 Oo*tv»-B*nd rr<:«ur« Ltvali   I» t. .0002 Utttite i 

ao- 
73 

1 
75- 

150 
ijo- 
300 s- 6oo- 

1200 
1200- 
2*00 

2*00- 
1000 

ft6** 

H/2 HOVER 
DUCTS 

88 88 90 95 108 107 100 89 

3 
J HOVER 85 388 90 99 108 106 100 88 

W/2 HOVER 89 93 98 103 112 112 101» 92 

12 HOVER 93 89 9A 99 102 109 101 90 

'" 
» 

, 

i 
; 

- 

262 y 



A/0 - TEST 

VfcRTGL   76-1 

Ü0IAV4-BAMB ASAU"SIS atiKu1 

AiÄlyxed B/                                                              ATE 

LOlV 

Ü 

UÖHD. Ocatve-Band Pressure Levels   He. ,0002 islarrö&r 

20- 
75 

103 

75- 
150 

103 

;oi 

i 0.5 

IÜ.J 

i 03 

99 

! 0,3 

150- 
300 

i 02 

99 

s Us 

^9 

:0i 

500- 
6oo 

88 

93 

^-" 

95 

600» 
3200 

2200» 
2»»00 

£•»00- 
i»300 

above 
4800 

I- 
1/2 HOVER 

9i 

86 

88 

8;; 

9« 

y / 

65 

8/ 

82 

?9 

78 

78 

^ 

3 
/ , 

  
UM 

J t'if, u ■ WM 

9/ 

104 

99 

9/ 

7^ 

... ii. 
6/ 

69 

4„ 
1/2 

6 

7- 
1/2 

9 79 73 
10- 
1/2 ' 88 

83 

86 

60 

82 75 65 

62 12 WKWÜÄ 
~ —-— 

98 38 78 71 

  

— 

  

  i     



uciAvi-aun) xnuursis SHEET 

Antlyzad By                                                        DMB 

A/C - 

L-20 

TB9ff 

-2 

loä. O0HB, Octtve-Bwd Pratmir» Loyal»  Re. .0008 ■lorotar 

20- 
75 

75- 
150 

150- 
300 2°." 6oo 1200 

320Ö- 
atoo 

stoo- 
4600 

«taw» 
Woo 

I TAKE 
OFF 102 SO^ I Qii 100 95 87 82 76 

2. TAKE 
OFF i 02 10! 98 88 81 78 73 

3 TkU. 
OFF * v i 99 too 97 87 80 73 69 

■~ 

i 

._»., .    1 i 



i 

Analyzed By ^ 

OCTAVE-BAND AMALJTSIS SJffia« 

LAMB.... 

L-23 -2 

mm  ill ■ 

LOG. UOffl). Ocatve-BaM Preeauro Lovalo   He. ,0002 mierobar 

20- 
75 

75- 
150 

150- 
300 

300- 
6oo 

600- 
1200 

1200- 
2»t00 

2<KX>- 
1)600 

•bow 
1(600 

1 
TAKe 
OFF 1 11 

98 

98 

S 07 108 IU8 

1   .'■!   f 
Ü V i: 

100 94 88 77 

2 TAKfc 
OFF iufe 

.08 Iu9 

! 02 95 84 72 

3 
TAKE 
OFF I u3 95 83 

......— -—-—- 

•     

    

    

  

  

  



i 
l 

Analysed By 

OCTAVE-BAM) AKAUSIi 3 SHEET 

DATE 

A/C - 

U-1A- 

TKSC 

-2 

LOCr ÜOND. i Oc&tvtä-Band Pyaaaure Leva!»   Ra. .0002 aicrob&r 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

6oo- 
1200 

1200- 
2<l00 

1 

24oo-|«bora 
%aoo woo 

I TAKE 
c.- 102 105 103 100 98 95 86 86 

2 TAKE 
OFF 

102 »06 103 102 97 ■ 
94 86 86 

3 
TAKE 
OFF !01 105 102 99 1    90 92 84 83 

I 

26b 



OCTAVE-BAND ANAISSII 

Analyzed By 

3 SHEEP 

DATS 

H-13 = 2 

LOC. UOND. Ocatvo-Band Pretsure Lovals   Ra. ,0002 ■lorobax 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

600- 
1200 

1200- 
2400 

2*00- 
iteoo 

abova 
Woo 

1' TAKE 
OFF 89 93 96 88 85 85 81 74 

i LAND 89 91 94 87 83 82 78 70 

2 TAKE 
OFF 88 90 96 87 83 83 80 73 

2 LAND 81 85 37 79 78 77 74 64 

3 TAKE 
OFF 89 92 91 88 82 81 79 72 

3 
-   --- 

UND 77 79 84 76 72 70 65 55 

i 

1 

^7 



I-. OOTAVa-BASSD AKAL'xSXo Siua/T 

liAEE 

A/C - 

H-2 

TEST 

1-2 

LCC. com). Ocatve-Bead Pretnuro Levsls   Re. «0003 alerobai 

20- 
75 

75- 
150 

150- 
300 

soo- 
ft» 

600- 
1200 

1200- 
2i|00 

2*00- 
1*600 

abort 
WöO 

V 

TAKE 
OFF 10? 109 107 99 9* 91 86 80 

LAND 106 3 08 106 10« 93 90 86 80 

v 2 
TAKE 
OFF •'' 1 ! 0 7 105 103 101 98 93 86 

s •.AND 10Ö 3 02 99 98 97 91 87 80 

3 w ;0S 5 03 6 08 103 100 97 93 87 

5 IAND •05 105 103 97 96 Sk 90 82 

  

6 

  

  

i 
*m*' 

lit 



OCTAVE-BAND ANALYSIS SHEET 

Analyzed By                                                              HATS 

A/C • 

H-23- 

TEST 

■2 

LOC. CONS. | Oc»tve-Band Pressure Levels   Re. ,0002 nlerobar 
i 
20- 
75 

75- 
150 

150- 
300 

300- 
600 

600- 
1200 

1200- 
2400 

2»>00- 
4800 

above 
4floo 

1 TAKE 
OFF 9<t !Q j j 03 96 94 92 88 81 \ 

! I AND 90 94 102 96 91 89 85 
11 \ 

2 TAKE 
Or-I- 88 

| 
94    j   98 91 92 87 83 77 

2 LAJ10 j 84 90 |   96 88 84 81 76 66 

3 TAKE 1 
urr      j 89 92 1   SS 

9! 89 84 81 75 

3 LAND 82 82    |   89 82 78 75 70 59 

f— 

i   



OGB 

Aüalgraed By DftH 

H-3H -2 

LOO, UONS, Ocfttvtt-Baod Pressure Levels   Re, .0002 •larobKr 

20- 
7Ü 

75« 
150 

150- 
300 

300- 
600 

60O- 
1200 

1200- 
2toO 

8M»- 
»i6oo 

«bore 
hSOQ 

"*i 
r.AKE 
CFF ; r,'i : Ofe S QM i 00 92 87 82 75 

i ANil ,   98 I Q '* I 02 55 92 6? 82 7ii 

2 

1 

of¥ 93 i öj SO: t 03 % 92 87 80 

! ft.\5 Si li  b' J 9/ 89 87 87 82 70 

} OFF 31 it  U i. 
'!  f> 1 9fe 92 86 78 

3 i AND 8 7 SK. 9! 8€ 8'! 8! 78 69 

—,— 

   -——-■ 

• 

8 

JE 

',' It. 



-Jl 

Analysed By 

ÖCTAYS-EA3D AHALT8I8 SHEET 

DATE 

A/C - 

H~37 

TEST 

-2 

LLJ. UQUP. Oeatva-Band Fraaiura Lavala   Ra. ,0008 aicrobax 

20- 
75 1"- 150 

150- 
300 600 

600- 
3200 

1200- 
2*00 

2»l00- 
»»800 

abcva 
l»800 

1 
TAKE 
OFF 104 1 ill. 

1 VJ*t ;c8 103 93 87 

} LAND !08 104 105 97 92 88 81 74 

2 TAKE 
OFF 104 101 1U6 '08 

101 

102 

99 

100 96 87 

! 2 LAND ! 03 106 IDS) 95 89 79 

3 
TAKE 
OFF 102 101 106 107 iOO 98 94 86 

3 LAND 101 102 105 96 96 92 85 73 

i 

1 



! 

LÖ57 

A&alysaä Hy^^,^. 

L*U-l.A 

TEST 

-2 

| ÜOHD. 

1 
| Oc*tva-Band Preaaura Lavola   Re. .0002 «iarobar 

20- 
75 

75» 
150 

150- 300- 
600 

600- 
1200 

1200- 
2*100 

8*00- 
WüO 

abeva 
WOO 

a 
i OFF 1_ 1 

*9 n 86 78 66 58 

i I.AN6 

&4 

1   ^ äC ss 82 73 61 56 

JAM 
Qi.F 

LAM» 
~   

Ü « 8; 

By 

88 

79 

....    My 

! 1 72 61 57 

h 
wo «y 

1 5' ÜO 56 53 

3 OFF 82 75 71 61 58 
.• i rt«f ?; 73 68 56 49 

■ — 

  

  

.  

......  

  

  

r- 

    

i 

      



r~ 

OCTAVE-BAUD AHAZXStt 

Analyzed By 

A/C » 

YHC - 

TESX 

I H-i 

LOG; COND. Ccäive-Band Freeaure Levels   Re. ,0002 microbar 

20- 
75 

75- 
150 

150- 
300 6oo 

600- 
1200 

1200« 
2'iOO 

2*100- 
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OCTAVK-BAND ANALYSI8 SHEET 

Analysed By                                                         DAffls 
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OCTAVE-BAHD ANAUSI 
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NTw"fiUmi lily 11 till 

i By 

A/C ■ 
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LOG. UOND. Ocfttve-Banl Praaaure Levels   Re. .0008 altrobv 
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Analysed By 

GCZAVK-BA5D AH>iUSI;i SUS2I 

IÄHS 

A/C - fKBS 
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OOWnt-MXSi ANALYSIS SHEET 
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t ; ?/ i C2 ,GH V 85 77 73 66 

u» 
-, 

t 
97 , ÜH ?? ?? 84 7* 71 68 

„ ) f 98 \0k ?? 97 82 72 6? ,» 

r 17 1 AF1 Tl'RT- 

fASio IN 97 3 03 SO? ite >   86 75 70 60 

!8 
CRUISE FRONT OF 

WINDOWS ?7 * Go ioe ?7 8? 7? 66 ?• 

|l 7 w 3H00 RPM 
HO.0"MAP i O-i. iii ICH 96 83 7» 65 

7 
CL ;MS 
our 

3000 RPM 
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APPENDIX III 

LIST OF INSTRUMENTATION 

Microphone - General Radio Condenser Microphone System Type 1551-P1-25 
consisting of: Microphone S/N 507, Preamplifier S/N 420. 

Calibrating Speaker - General Radio Type 1532-B, S/N 1571. 

Transistorised Oscillator - General Radio Typs 1307-A, S/N 1571. 

Tape Recorder - Ampex Model 601» S/N 8B-128. 

Octave Band Analyzer • General Radio Type 1550-A, S/N 703. 

Voltmeter A.C. - Ballautiue Model 300, S/i* 12517. 

Audio Oscillator - Hewlett Packard Model 20QCD, S/t,' 3%9. 

Playback System: Preamplifier - Fisher Chassis 30-C, S/N 10612-A; 
Power Amplifier - Fiaher Model 100, S/N 130915, Speaker System - 
Alte: A-7. 

Wave Analyzer System: Technical Products Model 625 consisting of- 
Cscillaw» Type TP-626, S/N 161; Analyzer Type TP-627, S/N 187; Power 
Integrator Type TP-6'3, S/N 15A 
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APPENDIX     IV 

PILOT OPINION SL'RVFY 

308 



PILOT OPINION SURVEY 
AIRCRAFT NOISE LEVELS 

CONTRACT DAV+-I77-TC-562 

This "questionnaire is part of a scientific study which is being 
made, by a private organization, to evaluate noise problems as- 
sociated with Army aircraft» Your opinion is being sought to 
assist in the selection of realistic noise criteria. 

The benefits derived from good noise control far exceed those of 
hearing preservation alone. Low internal noise reduces pilot 
fatigue, permits good radio and intercommunication system 
operation, and generally improves physical response and morale 
of flight crews. Unnecessarily strict criteria, however, would 
cause designs which were too heavy and result in undue performance 
penalties.  It is, therefore, most important to consider the 
opinions of pilots, regarding current aircraft, in setting future 
design standards. 

For each aircraft listed below, please indicate the approximate 
number of flight hours you have either as a pilot or copilot. 

L-20  (Beaver) hrs. 

L-23   (Seminole) hrs. 

U-1A   (Ottsr) hrs. 

H-13   (Sioux) hrs. 

H-21   (Shawnee) hrs. 

H-23   (Raven) hrs. 

H-34  (CWtdw) hrs. 

ri-3/  (Mojove) hrs. 

'1U-IA   (Iroquois) hrs. 

You are ccked to rate, on the following pages, only those aircraft 
with which you have indicated personal experience. Space is tefc 
at the bottom and reverse side of each sheet for -my additional 
comments you might care to make. 

This evaluation was made by    
(Signature may be omitted if  desired) 
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SAMPLE QUESTION; 

Suppose you are being asked to r?te the flavor of several brands of 
canned food: 

I.  Place ü  check msrk (^/  ) on each line o.-posite your opinion of 
the tlavur. 

il.  Draw a circle around those ratings (fö) I  which, in your opinion, 
iiie not acceptable for Army use. 

Brand X 

VLT.V   POOR PUUH FAIR GCOD EXCELLENT 

Bl dilJ V •-—' ——•—-*&} ■' P- < —> « i ' • i > ' >- 

bland 2. <—i—•——i—-►—-i—i—i—*—'—i—►—i—i—i—i—-<—f—»-y£- 

Brand Q >—.    QQ—< < >—< 1—. - >—>~ 

Brand R <—_.-*-_» ~(     <  «,—-—,——,—_ 

■   ' >—•- 

-* 1 »*- 

NOTEi  I. You may place your merk anywhere on the scale, not 
jjst st the Indicated ratings. 

i..     In the above example Brand R had never been sampled, 
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SAMPLE QUESTION: 

Suppose you are being asked to rate, the flavor ov several brands of 
canned food: 

I.  Place o  check mark { ^/ )  on each line opposite your opinion of 
the flavor. 

(I.  Draw a circle around those ratings (^// ) which, in your opinion, 
"tceptable for Amy u.se.    ~~ ait.    HI_»L    ai-i~ t 

~* | ( * 
POUR EXCfclUNT 

Brand X 

Bl c.iJ V 

Bicind 1 

Brand Q 

Brand R 

^A 
_0 „„ 

■&- 
~i—t i 

-*—t t—*—>- 

-1 > H 

NOTE«  I. You may place your mark anywhere on the scale, not 
Just at the Indicated ratings. 

2.  'ri the above example Brand R had never been sampled, 
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DIRECTIONS: 

!.  RdLe each aircraft, with which you have had experience, by 
placing a check mark ( v/ ) on eac-. scaie indicating your 

«■ i  ypiii i'..'! 

/O 
Fur each aircraft, circle those ratings ( \£f )  where you feel 
the. noise makes the aircreft unacceptable for Army use.  (By 
"unacceptable") we mean that the condition interferes with 
operation of the aircraft. 

L  HEARiNG L0SS_ &_0[SCOMFORT 

Do noise levels, ir, the following aircraft, uusc >c 
loss; discomfort, or pain during or after flight? 

L-20 (Beaver) 

L-23 (Seminole) 

IMA (Otter) 

H-!3 (Sioux) 

H-21 (Shawnee) 

H-23 (Raven) 

H-31* (Choctaw) 

H-37 (Mojave) 

HU-IA (Iroquoii) 

VERY 
StRIOUS 

0UI1E 
SEKmUS 

I- AIKLY 
StRlOUb 

\ -1 -    I   I - I 
I   I   I   I   I 
rnr—i—i—T 

i 
i i i i i 
U-4-—L-.-1 L 
I      I  I   I 
r 
I 

t—+ + 

i   i  ! 
i 

i—^ 

L ' ' 
i   i   i 

I     I 
I ^    I 
I    I 

any temporary hearing 

MOiHHATE 
DIFFICui TY 

S 
n t Ft 

.—,.— 

-r- 
i 

LJ4 

1 
I 

-—t- 
1/ 

A,. 

NO 
n i FF inn i 

!/ 

JZ rnr T -T . 1_,_t—r—|—| 

. J 

-1 

ASOlTiCNAL  COMttEriTS 
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n IRFfT inKis . 

! .  «ate each aircraft, with which you have had experience, by 
placing ö check mark ( </   ) on each scale indicating your 
cwr. op i ii i on . 

2.  For each aircraft, circie those ratings v sC* )  where you fee! 
the noise makes the aircraft unacceptable for Army use.  (By 
"unacceptable") we mean that the condition interferes with 
operation of the aircraft. 

I.     SPEECH INTERFERENCE 

Do you encounter difficulty in conversing with other occupants without the 
use of intercommunication equipment? 

L 20 {Heaver) 

L-23 (SemlnoU) 

U-1A (Otter) 

H-13 (Sioux) 

M-/I (thaiMM ) 

n-ii (Raven) 

HJ't (Cl.octaw) 

H-37 (Mojave) 

HU-1A (Iroquoi i) 

vthv 
ststons 

auiiE 
E:-:H:0US: 

FAIiiLY 
SKRIUUS 

MUD 

llllf 

14. 4 
i     I     1 I I 

t -l 
I 

^ 

I     I     I     I -     - 
I— -,— j—,_~_.|—+—|—,—»—|.—.»—I—*-—ft-—,_.—j|—-.* —1    ~t—i ■—* 

!     !     I /   I     I     I     I     I     I     I 
—t 

I     i 
T     I 

I 
I     I 

__JUJLJbCl_U 
I     .1     I     I 

—1--4-—I—4— 
I   I   I   I 
til   I 

y 
ii 

J 

RATL SÜMt NO 
cuLir        DIFFICULTY        UIFFICUUY 

I 
1 
I 
I 

-1 H 

_UJ 
I   I 
I—I 

I 
I 

I   I 

T -r 

I 
4 

I 
I 

I 
-+ H 
A  ' -1—I 

ADOII IONAL  CuflMENIS 
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DIRECTIONS: 

i. Rate each aircraft, with which you have had experience, by 
placing a check mark { •/ ) on each scale indicating your 
Own •';■ > n i on . 

2. For each aircraft, circle those ratings {(0)  where you feel 
the noise npskei the aircraft unacceptable for Army use.  (By 
"unacceptable") we mean that the condition interferes with 
operation of the aircraft. 

3.  RADIO COMMUNICATION 

üo you encounter difficulty !n comniünicating via either radio or inter- 
communication ert'.jip:r.er,t1 

» I I .'Ml   « 

VERY 
5EfiiOUS 

OUITC 
SERIOUS 

-. 4 ♦- 

FMRLY 
SERIOUS 

MODERATE        SOME NO 
DIFFICULTY    DIFFICULTY    DIFFICULTY 

1-20 (Beaver) 

L-23 (Seminole) 

U-IA (Otter) 

H-13 (Sioux) 

H-21 (Shawnee) 

H-23 (Raven) 

H-}k  (Choctaw) 

r.-37 (Mojave) 

HU-IA (Iroquofs) 

1 ,     1     , l_*_l     .    J , __J.    „     1           I            1     z    £           • I       II        *   '   1*1        I        1   -—f   *■—f—«—T       j 

i   i   |   i   i   i   ij   j j\   i 

II   [   1,111,11/1,1 
1        1        '        1                 [ij        |v/t    |   t   | 
J.t     |_l     I     1     •     J     h  1     j 

i   i   !   i   i   i   i   i   i/1   i 
i   i   i   i   !   ii   i   v i   i 
lliltlklwlJ 

i   i   !   i   i   i   i   i   i A, i 
1      i      1      III      1      1      1      1      1 

ADDITIONAL COMMENTS 
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DIRECTIONS: 

1. Rate each aircraft, with which you have had experience, by 
placing a check mark ( v' ) on each scale indicating your 
own opinion. 

2. For each aircraft, circle tbost-, idtinjs ( v^v ) where you fee! 
the noise makes the aircraft unacceptable for Army use.  (By 
''unacceptable") we mean that the condition interferes with 
cper^tio.i of the aircraft. 

k. JUDGEMENT 

Hoes the noise, in the following aircraft, make it more difficult for you 
to make judyeinents as quickly and accurately as usual? 

L-20 (Beaver) 

L-23 (Seminole) 

U-i.A (Otter) 

H-13 (Sioux) 

H-21 (Shc..r,«e) 

H-23 (Raven) 

H-3^ (Chociaw) 

H-37 (Mojave) 

HU-IA (Iroquois) 

VERY TU'TF 
SERIOUS SEROUS 

FAIRLY MUUtsME 
SERIOUS D 1 FK IClii T» 

SOME 
nifFICULTV 

NO 
OimcULlY 

I 
I _l 
I I 
J- -4 
i   I 
r—h 
i t 
f i 
t_i. 
i   i 

i   i 
r    1 

r  r 

i   i 

i   i 
1—h- 
i   i 

i   i 
i \ 
4_JL 

i    I 
4-4 

I     I 
t—t 

I 

JL_L 
I     I 

+~f-4—i 

I I 

4 
I 
1 

rr 
JL - I 

I   I 
■4—I 
i     I 

JL 
I 
4 

I 
4 
I 

+ 

I     I 
-f- -4 

I     I 
i 

J 
J^ 

y 

i 

4   i 

ADDITIONAL COMMENTS 
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DIRECTIONS! 

!. Rate each aircraft; with which you have had experience., hy 
placing a check mark ( J) on each scale indicating your' 
own opinion. 

2.  For each aircraft, circle those ratings ( (&)  where you feel 
the noise makes the aircraft unacceptable for Army use.  (By 
"unacceptable") we mean that the condition Interferes with 
operation of the aircraft. 

5.  COORDINATION 

Does the noise, in the following aircraft, make coordination and actual 
Hying more difficult for you? 

L-20 (Bsaver) 

L-?3 (Seminole) 

U-IA {Ot!*r} 

H-13 (Sioux) 

H-21 (Shawnee)) 

H-23 (Raven) 

H-34 (Choctaw) 

H-37 (Mojave) 

HU-IA (Iroquois; 

QUITE 
SERIOUS 

FAIRL*      MODERATE 
SER!"!S     DIFFICULTY 

SOME 
DIFFICULTY 

NO 
DIFFICULTY 

I  I  I 
t-nrnr 
_L*J i 

i    I     ! 
-I—I—v 

I    I     I 

•o—u 

i   i 
+—i- 
i   i 

j—i   r 

i 

A     A— 
I      I 

i 
_» r • 

—U- 

T—T—I" 

I 
i \—\r- 
I     I      I 

A 
JL 
J- 
/ 

/ 

J 

i 

ADDITIONAL COMMENTS 
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U I AC A. I   ! UiV .; 

Kd ,. £    L   iCH    oil 

i)l ac i iiü  d   ...',,■ 
own  Oij!:", ion. 

"h wiiicn   you   nav?.  had  experience,   by 
ach  scale   indicating  your 1   ,->n   f. 

2 .     For   each  a i re rat t,   c )'".e   rat. !nys>   { \i£s )   «'here  you   fee! 
aircraft unacceptable for Army use.  (By 

'unacceptable1') we mean that the condition interferes with 

6_. FAJ iGUt 

Does   the (IMISC   in  uit aircraft makfi   yon   tec!   tired? 

► "E::l -f.! LV        UU, 'Slw, YLLY VERY 
SELDOM 

L-7G   (Beavc ) 

L-2 3   (Sernino'.e) 

Li-IA   (Otter) 

H-13   (Sioux) 

n-zi   lahawnee) 

H-23   (Raven) 

i C l-iw-v Ls_<'.* > 

H- 3 7  (Mojav-i) 

»       j       5 

I       I       I 

i       i       ' 

1       I        I 

$       t 

4    4 
I     I 
It 

!     I 
r i 

HU-1A  (I roq.j.H's) I      - t 

I... I 

!  '  • 

i  i  i  i 
i  i 

\ 

\ 

\ 

\ 

V 
i 

i 
■ r 

I 

1 
\ 

1 

i 
1 
L 
i 

i 
1 

■■{■■■ U \ I    A 

"1    -\—1~1—t 
JLJLJ , • .J 

I     I    I     I     I 
I     l/ I , | , | 

1 
i l/l    I     I     I 

1 *-      1    ,    1    ,     1    .    1 

i 
I 
1 

f       i   '   i       I       I 
i/i   i   i   I 

■-,—T-l     1    , 
1^1   III 

i 
i 
1 
i 

i    1    i    1    1 
+■*•+- -+—1—1 

1    i    1/ 1    1 
i   )   m ~i 

ADD IT I ÜNAL   I.OMHLNTS 
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DIRECTIONS; 

I Rate etch aircraft, with which you have had experience, by 
placina a check mark ( ^/ ) on each scsle indicating your 
own opinion. 

For each aircraft, circle those ratings ( (& )  where you feel 
the noise makes the aircraft unacceptable for Army use.  (By 
"unacceptable") we mean that the condition Interferes with 
operation of the aircraft. 

h._ NOISE 

Rate the following aircraft with regard to your opinion of its cjuneiai noise 
envlronment. 

EXTREMELY 
NOISY 

FAIRLY 
NOISY 

MODLHATEI.-, 
NOISY 

MODERMfcl Y 
U'JItr 

MIRI Y 
Oultr 

mUtMlLY 
C'JIET 

L-20 (Beaver) 

L-23  (Semlnoie) ,—— 

U-IA  (Otter) 

H-13  (Sioux) 

H-21   (Shawnee) 

H-23  (Raver.) 

H-31* (Choctaw) 

H-37  (Mojave) 

MU-iA   (Iroquui a) 

I 

L -t 

/ I-—t—r—) - I ! 

I     I     i nmrr  
-iii/. 

i   i 
+-1 4 

+4 
-I—L 

U' 

r—i 

K~t 
i 

r    i—r* I * 1 
J_JLJU 

>    !    I 
.4—4- -|- 

_J__L_ 

I ■• l i- I 
/' 

!   i   i 

' '   i , 

L——|—H- 
1    I    I 

+—«- -t—T 

1-T 

ADDITIONAL  COMMENTS 

31/   - 



DIRECTIONS! 

t. Rate each aircraft, with which you have had experience, by 
placing a check mark ( \/   )  on each scale indicating your 
UWII ~jy  i M Ion . 

2. For each aircraft, circle those ratings ( (k/ ) where you feel 
the noise makes the aircraft unacceptable for Army use. (By 
'"unacceptable") we mean that the condition Interferes with 
operation of the aircraft, 

o •  vi or\H i i Uri 

Rate the following aircraft with regard to your opinion of physical vibration. 

_i—i—i—i—i—» 

'.AlHtMtlY 
ROUGH 

FAirtLV MOO£R»TELv MOtTflATElY FAIRLY EXTREMELY 
ROUGH ROUGH 5.M00TH SMOOTH SMOOTH 

L-20 (Beaver) 

L-23 (Semlnote) 

U1A (Otter) 

H-13 (Sioux) 

H-21 (Shawnee) 

H-23 (Raven) 

H-3<* (Choctaw) 

H-37 (Mojave) 

HU-IA (Sroquolt) 

i   \   !   i   i   i   i   \    v '   \ 
1  '   |   '   1   '   !   '   |   '   1   '   1      j   '   I  '   1   '   | 

I   i   '   i    i   i   i   ! J i   i    i 

i   i   i   i    ,   i /i   i    i    i    i 

|   [   j   j   i/i   j   !   i   [   ] 
i   i   [   [   i   i yj   i   j   I   i 
i    J    I    i    j    j/ !    I    1    |    I 

!  !  i  i  !y!  i  i  l.l.! i' i ■ •' • ■ i • * i i i 

! ' !     ! '  ' \A ! ' '     1     '     I     1     |     I     1     i     i     I 

ADDITIONAL COMMENTS 
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APPENDIX V 

ARMY INSTALLATIONS SlJRVtYüU 

Aircraft r.otsJ in the pilot opinion survey were rated by pilots »t 
the following Army bases: 

fort Belvoir, Virginia 
Fort Benning, Georgia 
Fort Campbell, Kentucky 
Fore Carson, Colorado 
Fort Devens, Massachusetts 
Fort Eustis, Virginia 
FcrL Hood, Texas 
Fort Knox, Kentucky 
Fcrt Lewis, Washington 
Fort Ord, California 
Fort Riiey, Kansas 
Fort Rucker, Alabama 
Fort Sill, Oklahoma 
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