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SUMMARY

Acoustical data obtained from helicopters in level flight
and during 6 degree approaches are used to obtain the variation
of A-weighted sound exposure level and effective perceived noise
level with distance. These functions are normalized to a
reference airspeed which differs for individual helicopter
types. Sound level functions at airspeeds different from the
reference airspeed, either higher or lower, are obtained by
adding a decibel increment to the reference functions. This
increment is obtained by multiplying a constant, different for
each helicopter, times the square of the difference between
the airspeed of interest and the reference airspeed.

The sound level functions are computed without any consi-
deration of "impulse adjustments" for the effect of blade slap
noise. Recommended impulse adjustments are provided for each
helicopter. These adjustments were derived from psychoacousti-
cal Jjudgment tests of recorded helicopter noise signals for
each helicopter.

Acoustical data obtained for helicopters hovering at a

height of 1.5 meters (5 feet) over a fixed location on the ground

are used to obtain maximum A-weighted sound levels and perceived
noise levels, at a fixed distance of 76 meters (250 feet), as a
function of angle around the aircraft.
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PREFACE

This research was performed for the Aerospace Medical
Research Laboratory at Wright-Patterson Air Force Base, Ohio
under Project/Task 723107, Technology to Define and Assess
Environmental Quality of Noise From Air Force Operations.
Technical monitor for this effort was Mr. Jerry D. Speakman
of the Biodynamic Environment Branch, Biodynamics and Bio-
engineering Division.

Thanks are due H. C. True of the Systems Research and
Development Service, Federal Aviation Administration, and
E. J. Rickley, Transportation Systems Center, Department of
Transportation, for providing magnetic tape recordings of most
of the helicopter noise signatures used in this study.
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INTRODUCTION

Noise produced in a community as a result of helicopter
operations 1s not generally a primary contribution to the total
noise environment around USAF facilities. However, helicopters
can be major sources of community noise in the vicinity of
some U.S. Army, Navy, and Marine facilities. Further, the
growing size of the civilian helicopter fleet has caused an
increased interest in the general ability to predict helicopter
noise. Many military helicopters have civil aircraft deriva-
tives whose characteristics are identical to their military
counterparts under equivalent operating modes. Incorporation
of helicopter nolse and performance data within the datafile
for NOISEMAP would provide the abllity to utilize NOISEMAP for
DOD installations where helicopter nolse may be significant as
well as for joint civil/military use facilities and other civil
facilities.

Major controversy has exlsted for years on the proper
acoustical measures to describe helicopter noise, with emphasis
on how to account for the subjective qualities cof the impulsive
characteristics of a helicopter noise signature when "blade
slap" exists. With the exception of the need and form of an
"impulse adjustment" there 1s essential agreement that the
conventional time-~integrated, frequency-weighted sound level
measures such as A-weighted sound exposure level (SEL) and
effective perceived noise level (EPNL) adequately describe the
subjective response to helicopter noise.

Putting aside the question of "impulse adjustments" for
the moment, a helicopter datafile can be incorporated in
NOISEMAP utilizing SEL and EPNL in a manner completely parallel
and consistent with the procedures used for conventional air-
craft. Thils report describes the formulation of functions of
sound level versus slant distance and the variation of source
power levels as a function of aircraft operating condition.

The controversy cver "impulse adjustments" cannot, however,
be 1ignored. Numerous laboratory and field tests of subjective
response to impulsive noise signals have been conducted in the
past several years to derive psychoacoustical information for
use in developing noise certification procedures for civil
helicopters. Interpretation of these data 1s still equivocal
with the result that proposed "impulse adjustments" to con-
ventional noise measures such as SEL and EPNL remain
controversial.

o b il i,
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It is proposed in this report that, until a consensus on
the form for such adjustments is achieved in the technlcal
community, psychoacoustically Jjudged "adjustments" for specific
helicopters may be used as offsets to the normal sound level
functions 1f the lncreased subjective response to impulse noise
is to be accounted for. Not all helicopters produce impulsive
nolse of significant severity under most conditions; others
produce very impulsive sounds under any operating condition.

On the basis of the technical information now available an
arbitrarily determined fixed constant to account for "impulse
adjustment" is not warranted. Instead, specific adjustments
in declibels are provided for each helicopter and mode of
operation for which data are included in this report. These
adjustments range from zero to 7 decibels, with 3 decibels
being most typical if any adjustment 1s called for at all.

DEVELOPMENT OF SEL AND EPNL AS FUNCTIONS OF DISTANCE

The NOISEMAP community noise prediction program requires
a noise data base consisting of functions of single event sound
level versus distance from an observation point to the flight
path of each aircraft, together with a means of specifying
the variation of these functions for different aircraft
operating conditions. The collected set of such data, together
with nolse level data for ground runup operations, for all
aircraft of interest, is termed NOISEFILE. Data for 59 fixed
wing military aircraft that now comprise NOISEFILE are reported
in AMRL-TR-73-110, Volumes 1-6, ref. 1.

Data for development of NOISEFILE are acquired from
systematic measurements and analyeis of the noise character-
istics of individual aircraft types obtalned during controlled
test conditions. Basic procedures for performing the tests
are outlined in AMRL-TR-73-107, ref. 2. The analysis procedures
for producing the sound level data files are implemented in

the OMEGA series of acoustical data reduction programs developed

at AMRL. Basically, the test procedures for aircraft in

flight require measurements of the acoustical signature pro-
duced by the aircraft under a series of level over flights,

at specified heights, power settings, and airspeeds. The USAF
test procedure also requires that test site and weather con-
ditions, as well as data acquisition and reduction equipment,
comply with the specifications of the Federal Aviation Adminis-
tration for noise certification of civil aircraft, ref. 3.

Thus the measured acoustical data are compatible with ncoise
certification measurements for civil aircraft. Data averaging,

- g R L o AN AL




normalization to reference conditions, and extrapolation to
distances other than test distances are performed by uniform
procedures described in ref. 1 and 2. :

Acoustical data for the fixed wing aircraft described in
ref. 1 were acquired by the USAF in a series of test programs.
Data have not yet becn obtained by the USAF for helicopters.
Acoustical measurements for a series of 8 helicopters have
been obtained by FAA and the DOT Transportation Systems Center
(TSC) as part of studies being performed to develop noise
certification procedures for civil helicopters (ref. 4). These
data were obtained with instrumentation and controlled test
conditions consistent with those used by AMRL, and thus provide
measured data suitable for development of input data for
NOISEMAP.

Through cooperation from FAA and DOT/TSC, a suitably
calibrated copy of magnetic tape recordings of various noise
signatures produced by the different helicopters was obtained.
The data included measurements below the flight path as the
helicopters flew overhead at a nominal height of 150 meters
(500 feet) at different alrspeeds, and at 120 meters (400 feet)
under different approach angles at approach speeds of 60 knots
or 60 mph, depending on the aircraft. These recordings were
analyzed in one-third octave frequency bands, in 0.5s time
intervals, as specified in ref. 2. The results of these
analyses were used in conjunction with the OMEGA 6.6 program
to generate various sound level versus distance functions.
Graphs depicting SEL and EPNL versus distance are provided for
the various helicopters in Appendix A, normalized to reference
conditions described in the following section of this report.

VARIATIONS OF HELICOPTER NOISE
W'TH AIRCRAFT OPERATING CONDITIONS

The basic nolse characteristics of a fixed wing aircraft
are controlled by the acoustical properties of its engine
design. Under different engine power settings the acoustical
power radiated by the aircraft will usually vary both in level
and in spectral distribution. For jet and turbofan engines
it is usually sufficlient to assume that the spectral distribution
of acoustical power at different engine power settings can be
accounted for by assuming different spectral shapes for takeoff
and other power settings, using as few as possible to describe
a particular aircraft. Each of these spectra is used to generate
sound level versus distance functions. The absolute sound level

-
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at different power settings is accounted for by shifting
reference sound level versus distance functions by a specific 4
amount of decibels as a function of slant distance. The
reference functions are defined for a specific engine power
and airspeed. In the NOISEMAP system the adjustment factor
for engine power is symbolized as A"6.

e S—

SPEED EFFECTS IN LEVEL FLIGHT :

For a fixed englne power and distance between flight path
and observer, time integrated acoustical measures such as SEL
and EPNL will vary with aircraft speed. That is, the duration
of the event is directly proportional to airspeed. In the !
NOISEMAP system differences in aircraft operating speed and ;
a reference speed are accounted for by a decibel adjustment to i
the reference sound level versus distance functions equal to |
10 times the logarithm of the reference airspeed to the actual s
airspeed. This adjustment is symbolized as A'6. Thus the
noise produced on the ground by fixed wing aircraft in flight {
are described by an appropriate sound level versus distance i
function, offset by A'6 for any deviation in airspeed from ‘
reference conditions and by A"6 for differences in engine power
from a reference power condition.

In an analogous fashion, one would expect that helicopter
noise should vary with operating mode, engine power, and air-
speed. A fundamental difference between helicopters and fixed
wing aircraft is the ability cf the helicopter to sustain level
flight from zero, or even negative forward speed, up to its
maximum airspeed, whereas the fixed wing alrcraft has a rela-
tively narrow airspeed range available in level flight. For
fixed wing aircraft where an increase in airspeed in level
flight 1s proportional to an increase in engine power (thrust),
over most of the useful portion of its operating speed range,
the sound level in level flight will increase directly with an
increase in engine power. In contrast, helicopters utilize a
tradeoff in direct vertical 1ift and forward speed to operate :
over their wide speed range. In order to operate at very low P 3
airspeeds or at hover, a heiicopter uses more power than at i
some intermediate speed. As speed 1s increased above this inter- £
medliate speed increased power 1s required until maximum speed is :
reached with maximum power. Accordingly, hellcopters in level }
flight produce a minimum level at some alrspeed, with higher ~
sound levels at lower and higher airspeeds.

Considering only level flight at reasonable (non-hover)
airspeeds, and ignoring any effects of variation in aircraft
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gross welght, one can expect, for any particular helicopter
design, that engine power and resulting airspeed will be
uniquely related. With this assumption it should be possible
to develop a single operating condition adjustment, in decibels,
for reference sound level versus distance functions that would
combine the effects of both alrspeed and engine power.

The data from ref. 4, and other data in Bolt Beranek and
Newman Inc. files have been used to develop A6 functions for
the helicopters considered in this report. It was found that
a generalized format for A6 in decibels could be applied to
each helicopter, where A6 is given by -

= -t 2
A6 = a(V Vref) 4
In this expression a is a constant dependent on each helicopter,
V 1s airspeed in knots, and Vpesr is the airspeed in knots for
minimum noise, also variable with the particular helicopter.
Data for the variation of EPNL as a function of airspeed at a
distance of 150 meters overhead are plotted in Figure 1, along
with the A6 adjustments calculated by using the values for a
Vper that are listed in Table 1.

In most cases the fit of the A6 curves to the data is very
good, with that for the UH-13 being the worst case. For most
of the helicopters the measured levels are matched over the
entire ailrspeed range usually within less than one decibel.
Although the A6 equations were derived from EPNL data, examina-
tion of the difference between EPNL and SEL values at different
airspeeds shows that these differences are essentially constant
at 150 meters. Thus it is proposed that the A6 adjustment be
used for elther EPNL or SEL functions. It should be noted that
the same values cannot be used for acoustical measures that do
not incorporate time integration, for example maximum A-weighted
sound level, since the formulation for A6 given here incorporates 3
the effect of airspeed on the duration of the event. Adjustment
factors for level only measures could also be derived, but are
not considered in this report.

Sound level versus distance functions developed for fixed
wing aircraft at positions underneath the flight path are also
used to predict noise at positions to the side of the flight
path. This use assumes that the sound field around the aircraft
is symmetrical around the aircraft flight path. Helicopters,
particularly those with tall rotors, have acoustical directivity
patterns that are asymmetric around the longlitudinal axis of the
aircraft. The data from ref. 4 allow an examination of how
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TABLE 1

ADJUSTMENT TO REFERENCE SOUND EXPOSURE LEVEL
FOR NONREFERENCE AIRSPEED/POWER CONDITIONS

= ) 2
A6 a(Vv vref) decibels

a v

Helicopter ;52 Al gﬁg

CH-3C (S-61) 0.63 100

A CH-47C (114) 3.4 100
L- CH-54B (S-64) 3.8 80
HH-53 B/C (S65A) 0.83 100

OH-6A (500) 8.2 90

g TH-55A (300) 80
UH-1N (212) 4.1 80

| UH-13 (47G) 2.5 50
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significant this effect 1s on sideline noise. 1In addition to

the microphones directly under the flight path, other microphones
were placed at positions 150 meters (500 feet) on either side

of the flight path. Test flights included passes in both
directions along the centerline. Comparison of acoustical data
from the opposite sideline microphone positions allow the effects
of asymmetry in the helicopter directivity patterns to be
assessed. While some effects were noted in the data of ref. 4,
the effect on integrated sound levels on opposite sideline
positions was of the order of one decibel, typically within

the normal experimental variation in the acoustical measurements.
On this basis it does not seem warranted to derive asymmetrical
adjustment factors to account for directivity effects. It is
our recommendation that sideline noise from helicopters be
predicted from the sound level versus distance functions de-
rived from overhead measurements without any further adjustments.

APPROACH COMPARED TO LEVEL FLIGHT

Differences in spectrum shape of nolse produced during
approach, as compared with level flight at the same airspeed,
occur in helicopters. Part of these differences result from
changes in "blade slap" characteristics. During approach a
helicopter i1s descending through its own main rotor downwash.
Even those helicopters that do not exhibit bladeslap in level
flight will produce some degree of bladeslap during descent.

Postponing for the moment the psychoacoustical effects of
impulses themselves, the fact that impulses are produced is
reflected in the customary cane-third octave sound pressure level
analyses, and thus in the calculated SEL or EPNL values. For
a number of helicopters the effect of these spectral level
differences on SEL or EPNL 1is small, with the result that the
rate of change of SEL or EPNL with distance is the same as the
SEL or EPNL functions for level flight. For others the shape
changes sufficiently to warrent sound level versus difference
functions different from level flight.

In the FAA tests of ref. U approaches were made at constant
airspeed of 60 knots or 60 mph, depending on the aircraft's
airspeed calibration, at descent angles of 3, 6, and 9 degrees.
The data indicate relatively little differences in sound level
as a function of the descent angle. Since 6 degrees approaches
are likely to be adopted by FAA and internationally for heli-
copter noise certification purposes, data from these approaches
were used in this study. The test data were again used to
compute SEL and EPNL versus distance functions with the OMEGA 6.6
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program. These functions were compared to the appropriate level
flight functions. An arbitrary decision was made that, if the
difference in sound level between level flight and approach
conditions at 3000 meters (10,000 feet) was less than one deci-
bel different from that at 150 meters (500 feet), a separate
approach function was not required. If the difference was
greater than one decibel, separate functions of sound level
versus distance were retained. This is reflected in the figures
of Appendix A. Note that for some helicopters an approach curve
may be required for SEL or EPNL but not the other.

TAKEOFF VERSUS LEVEL FLIGHT

No data were obtained by FAA/TSC for takeoff operations.
Acoustical data for various helicopter operations have been
obtained by the Constructlion Engineering Research Laboratory
of the U.S. Army (ref. 5). Data in this report indicate little
difference between takeoff and level flight nolse for a variety
of military helicopters. It is recommended here that until
more data are avallable that the USAF utilize the sound level
versus distance curves for level flight in computing noise from
tgkeoff operations adjusted for the appropriate alrspeed by
A6 .

HOVER

A complete data file for fixed wing aircraft includes
acoustical data for stationary ground runup operations. This
information 1s used for actual runups, or transition from a
standing start in a takeoff roll. The analogous helicopter
operation 1s a hover in which the helicopter is stationary, but
is supported above ground by rotor 1lift. Incorporation of hover
data in NOISEMAP was explored in this study.

In addition to the level flyover and approach noise tests
conducted by FAA/TSC, measurements of sound level were made
during hover at a wheel height of 1.5 meters (5 feet). For
most of the hover tests the sound levels fluctuated over a
range of 5 to 10 decibels in a 19 second measurement interval.
Acoustlical measurements during hover were also obtained by CERL
in the Army tests described in ref. 5. Fluctuation in sound
levels up to 10 decibels were again observed and attributed to
either variability in aircraft position in hover or fluctuations
in wind speed.

The variability in acoustical data obtained during hover

in ref. 4 or 5 is partially attributed to variability in wind
conditions during the measurements. Experience with acoustical
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measurements of helicopter noise by Bolt Beranek and Newman
under calm wind conditions indicates that this variability in
sound levels will still occur due to the piloting difficulty

in maintaining a fixed position without altering the helicopter
controls. Such sound level fluctuations may be regarded as
typical rather than unusual.

The purpose of sound level data specified for use in land
use planning is to provide means for predicting long term
mean-square sound levels. A sultable source specification can
be derived by taking the mean-square average of a fixed ensemble
of measurements as an estimate of the long term mean-square
average. The data in ref. 5 provide two separate sets of data,
each containing 38 samples, at increments of 45 degrees in
azimuth, at a fixed distance of 76 meters (250 feet). The 76
samples of sound level obtalned at each angular position were
averaged on a mean-square basis to define the source sound
levels for hover conditions provided in the figures of Appendix
A of this report. All figures are plotted with 0 degrees being
on the longitudinal axis of the aircraft in the direction of
forward flight.

IMPULSIVE NOISE ADJUSTMENTS

The psychoacoustical effects of bladeslap noise from
helicopters has received a great amount of attention inter-
nationally. While a number of publications have addressed this
subject over the years, accelerated interest in the response to
helicopter impulsive noise has taken place since 1974 when
serious discussion of international noise certification for
civil helicopters began to take place in the Committee on Air-
craft Noise of the International Civil Aviation Organization.
At the same time Working Group 2 (WG2) on Aircraft Noise of
the International Standardisation Organization's Subcommittee
on Noise of Technical Committee 43-Acoustics were asked by ICAO
to propose an appropriate acoustical measure for helicopter
nolise, including the ability to account for the subjective
response to impulsive noise.

Numerous studies of impulsive noise using simulated and
actual helicopter noise signals have taken place in England,
France, and the United States over the last four years in an
attempt to arrive at a suitable psychoacoustical measure. The
preponderance, but not all, of the experimental data indicate
that the subJective response to impulsive noise is understated
by SEL or EPNL by as much as 6 or more decibels, depending upon

14
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the particular noise signature, with 3 decibels being most
typical. Several methods to measure the physical differences
in the noise signatures that generate these psychoacoustical
effects have been proposed, including one from ISO that 1is
being evaluated in mid-1978 by the ICAO working group. , ;

Unfortunately, while the ISO or other proposed impulsive-~
ness measures correlate quite well with some psychoacoustical
tests, the correlation between these measures and other tests
is poor. This situation leads opponents to the use of impul-
siveness measures to argue that EPNL or SEL are sufficient to
characterize helicopter nolse, with advocates of impulsiveness
adjustments equally adamant that their use 1s supported by
sufficient data and that the non-supportive data are inconclu- 5
sive, insufficient, or inaccurate. g

The opinion of the author of this report, based on a
review of the avallable literature and psychoacoustical judg-
ment tests of a variety of recorded helicopter nolse signatures
performed at Bolt Beranek and Newman Inc. (ref. 6,7), is that
the response to helicopter blade slap is underestimated by SEL
and EPNL. Further, either the ISO proposal or similar pro-
posals reasonably predict the judged acceptability of actual
helicopter nolse, although they do not predict acceptability
very well for all impulsive noilses.

If a better estimate 1is desired of the acceptability of
helicopter noise containing blade slap than that provided by
SEL or EPNL, adjustments in decibels to be added to SEL or
EPNL can be derived from the judged data from ref. 6, in
combination with the calculated ISO adjustments for those
helicopter operations where judgments are not available but
physical analyses of the signals are. Such adjustments are
listed in Table 2 for the helicopters considered in this report.
Separate values are glven for level flight and approach con-
ditions. No data are available for takeoff operations. It
i1s not expected that impulse adjustments will apply to takeoff
operations, however, since bladeslap is generally not produced
during climb operations.

In order to assist the reader in assessing the current
status for rating impulsive noise a brief review of the current
status, as of mid-1978, of impulse adjustment proposals is pro-
vided in Appendix B along with a bibliography of pertinent
papers.
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TABLE 2

PROPOSED ADJUSTMENT TO SEL OR EPNL
FOR IMPULSIVE NOISE

Helicopter
CH-3C (S-61)

CH-47C (114)
CH-54B (S-6U4)
HH-53B/C (S-65A)
OH-6A (500)
TH-55A (300)
UH-1N (212)
UH-13 (U476)

Level F1i

0

n
2%

(> SN TS SRR <= WY < R > ST

A6
i

Impulse Adjustment in Decibels

t Approach
3

w W +~H HF w MW
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APPENDIX A
VARIATION OF SOUND LEVEL WITH DISTANCE
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APPENDIX B

STATUS OF PROPOSED IMPULSIVE NOISE ADJUSTMENTS
FOR HELICOPTER BLADE SLAP

Numerous studies have been made in which subjects have
Judged the acceptability of helicopter nolse and experimenters
have examined various physical descriptors to account for the
Judged responses (ref. 6 to 27). Activities of Working Group B
of the ICAO Committee on Aircraft Noise (ICAO/CAN/WG B), and
those of ISO TC 43, SC1, Working Croup 2, "Aircraft Noise,"
(ISO/TC43/SC1/WG2) at the request of ICAO, have led to several
proposals for physical descriptors for impulsiveness and methods
for applying these descriptors to derive an adjustment to EPNL
to account for its underestimation of judged response to blade-
slap (ref. 23-27). The proposals call for computation of an
adjustment to be applied to tone-corrected perceived noise level
(PNLT) in each 0.5 second interval, just as 1s done for the
adjustment for tones, prior to the summation to obtain EPNL.

A synthesis of the British and French positions was issued as
a draft ISO proposal in January 1978 (ref. 28).

The psychoacoustical studies used to develop the British
proposal for an impulse adjustment for EPNL used steady state
signals having a background noise on which repeated sine wave
pulses were superposed to simulate blade-slap (ref. 21). The
first French proposal was based on similar experiments (ref. 25),
while a later proposal (ref. 20,26,27) used time varying heli-
copter noise signals without blade-slap, superposing blade-
slap signals to simulate actual helicopters. None of these
studles applied the proposed impulse adjustment procedures to
signals representing actual helicopter noise signatures as
produced under the flyover and approach operating procedures
being considered for certification. Other subjective response
studlies using simulated and actual helicopter recordings, while
providing information of value in studying response to impulsive
nolse, employed signals again not representative of those
obtained under proposed certification conditions (ref. 16-19).

The applicability of the different impulse adjustment
measures to recorded helicopter nolse signatures from the TSC/
DOT test series was compared to judged psychoacoustical reponse,
for elght helicopter noilse signatures (ref. 6), as well as a
variety of synthesized helicopter noise signals. It was found
that the French (essentially the ISO) procedure accounted
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satisfactorily (i.e. within about one decibel) for the judged
response to the eight helicopters, but did not work well on the
synthesized signals. It was also found that an adjustment based
on a combination of A-weighted sound level crest factor and
blade repetition rate worked equally well for the eight
helicopters.

The preponderance of evidence to date indicates that the
psychoacoustical response to helicopter blade-slap is under-
estimated by SEL or EPNL. The underestimate varies from 0 to 7
decibels, depending upon the helicopter and its operating
condition. In two military studies (ref. 18 and 29) the esti-
mate is made that the underestimate in the regression of the
Judgments of helicopters agalnst sound levels 1n these tests
was 2 decibels, which may be indicative of the net effect over
an aggregate of operations of an air facility.

SUMMARY OF DRAFT ISO PROCEDURE

The recorded noise signal is A-weighted, passed through a
2000 Hz low-pass anti-aliasing filter, then digitally sampled
at 5000 (or an integer multiple of 5000) samples per second to
obtain voltages V4. The 2500 samples in each 0.5s interval
are combined to determine an impulsiveness coefficient, I.

CEI S I
1 -,
e uks ¥ [-1—3—]

Note that s is the mean square A-weighted voltage in the 0.5s
interval.

I is then transformed to a decibel value, A, which 1is
added to the PNLT value in each 0.5 second. The "adjusted"
PNLT values are then summed over the event as in the conventional
EPNL analysis. The adjustment can equally well be made to
A-weighted sound levels, in 0.5s intervals, and then summed to
obtain an "impulse adjusted" EPNL. The transfer function from
I to A is given by:

with A restricted to the range 0 < A < 5.5 declbels.

an




S it e M

REFERENCES
Speakman, J. D., Powell, R. G., Cole, J. N., Community
Noise Exposure Resulting From Aircraft Operations,
Volumes 1-6, Acoustic Data on Militar AErcraft,
AMRL-TR-73-110, Aerospace Medical Research Laboratory,
Wright-Patterson Air Force Base, Ohio, 1977-1978.
Bishop, D. E., Galloway, W. J., Community Noise Exposure
Resulting From Aircraft Operations: cquisition and
Analysis of Aircraft Noise and Performance Data,
AMRL-TR-73- 107, Aerospace Medical Research Laboratory,

Wright- Patterson Air Force Base, Ohio, April 1975.

"Noise Standards for Aircraft Type Certification,"
Federal Aviation Regulations, Part 36.

True, H. C., Rickley, E. J., Noise Characteristics of

Eight Helicopters, FAA-RD-77-30, Federal Aviation
Administration, Washington, D. C., July 1977.

Homans, B., Little, L., Schomer, P., Rotary Wing Aircraft
Operational Noise Data, Technical Report N-38, EonstructIon

Engineering Research Laboratory, Department of the Army,
February 1978.

Galloway, W. J., "Subjective Response to Simulated and
Actual Helicopter Blade Slap Noise," BBN Report 3573,
submitted to NASA, Langley, VA., December 1977.

Galloway, W. J., "Subjective Evaluation of Helicopter Blade
Slap Noise," Helicopter Acoustics, 403-418, NASA Conference
Publication 2052, May 1978.

Magliozzi, B., et al, A Comprehensive Review of Helicopter
Noise Literature, FAA-Fﬁ:75-79 June 1975.

Munch, C. L., King, R. J., Community Acceptance of Heli-
co ter Nolse: Criteria and IppIIcatIon, EISK CR-132630,
Fegruary 1970,

Pearsons, K. 8., Noiainesa Judgements of Helicopter
Flyovers, FAA-DS-067- anuary .

Sternfeld, H., et al, Acceptability of VTOL Aircraft
Noise Determined by Absozuge §§§Ject1ve !Esflng,
ik ’ une O

43




1 . e e e R A AR S A

12. Leverton, J. W., Helicopter Noise - Blade Slap: Part 2: -
Experimental Results, NASA CR-1983, March 1972. /

13. Levérton, J. W., "Helicopter Noise - Are Existing Methods
Adequate for Rating Annoyance or Loudness?" J. 4m.
Helicopter Soc., Ul-UU4, April 1974.

14, Berry, B. F., Robinson, D. W., "A Proposal for Rating the
Annoyance Due to the Pulsating Character of Helicopter
Noise," ISO/TC 43/SC1/WG-2 N 50, August 1974 (B&R 1).

15. Berry, B. F., Rennie, A. J., Fuller, H. C., "Rating
Helicopter Noise: The Feasibility of an Impulsive Noise
Correction," ISO/TC43/SC1l/WG-2 N 67, October 1975 (B&R 2). ‘

16. MAN-Acoustics and Noise, Inc., Noise Certification
Considerations for Helicopters Based on Laborator
InvestIgaEIons, FAA-RD-76-116, July 1976.

17. Lawton, B. W., Subjective Assessment of Simulated Helicopter
Blade-Slap Noise, NASA TN D-8359, December 1976.

18. Patterson, J. H., Jr., Schomer, P. D., Camp, R. T., Jr.,
Subjective Ratings of Annoyance Produced by Rotary-Win
Arcraft Noise, ESKIRE Report No. 77-12, May 1977.

19. Galanter, E., Popper, R., Perera, T. B., The Annoyance of
Simulated Aircraft Overflights With Varying Acoustic
Spectra, Final Report - Task I, Contract DgT:?KTEWK:3871,
June 1977.

20. Wright, S. E., Damongeot, A., "Psychoacoustic Studies of

Impulsive Noise," Paper No. 55, Third European Rotorcraft
and Powered Lift Aircraft Forum, September 1977.

it e e ol B St Al i

s

21. Fuller, H. C., "Rating Helicopter Noise: A Study of |
Subjective Reaction to Impulsive Sound," ISO/TC43/SCl/WG2
N 77, November 1976 (B&R 3).

22. Berry, B. F., Chew, A. J., "Helicopter Noise: Analysis of
Various Descriptors of Imgulsiveness," ISO/TCU43/SC1/WG2
N 81, February 1977 (B&R 4).

23. Anon., "Statement From ISO/TCU43/SCl/WG2 Relative To
Helicopter Noise Certification," (Secretariat-57) 84,
March 1977.

4y




[Py

P AT

2y,

25.

26.

27.

28.

29.

Berry, B. F., John, A. J., "Helicopter Noise: Comparison
of Three Psychoacoustic Tests and Three Descriptors of
Impuls%veness," ISO/TCA43/SC1/WG 2 N 89, August 1977

(B&R 5). s

Anon., "Nuisance Caused by Pulsating-Type Noise,"
ISO/TC43/SC1/WG 2 N 76, November 1976. (Ferry-6.)

Anon., "Impulsivity Indicators--Effect of Integration
Time on NPL Indicator," ICAO/CAN/WG B WP 16 (France),
June 1977.

Anon., "Analysis of the Impulsivity Indicator Proposed by
the United States,"” ICAO/CAN/WG B WP 17 (France), June 1977.

"First Draft Proposal for Amendment to ISO 3891 'Acoustiecs -
Procedure for Describing Alrcraft Noise Heard on the Ground'
- Measurement of Noise From Helicopters," ISO/TC43/SCl
(Secretariat-254) 356, January 1978.

Klump, R. G., Schmidt, D. R., Annoyance of Hellcopter
Blade Slap, NOSC TR 247, Naval Ocean Systems Center,
San Diego, CA.

45
#U.S.Government Printing Offies: 1979 — 687-002/444




