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Director.
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ROTARY-WING AIRCRAFT
OPERATIONAL NOISE DATA

1 inTRODUCTION

Background

U.S. Army Construction Engineering Research Lab-
oratory (CERL) research into the prediction and assess-
ment of the noise impact on and adjacent to Army fa-
cilities has identified blast noise, rotary-wing aircraft,

vehicles, and fixed sources as major noise sources, with |

blasts and rotary-wing aircraft selected as the major
problems.

Urban development has been encroaching on military
and civilian airfields in recent years. In particular, resi-
dential development has been occurring in areas subject
to high noise levels emanating from aircraft and airfield
operations.

The Construction Criteria Manual' and the Air In-
stallations Compatible Use Zones® are two Department
of Defense (DOD) documents that define land-use re-
strictions. Both documents describe three zones which
impose varying degrees of restriction on land use in
order to insure its compatibility with the characteristics
of Army operations. Meeting these restrictions, how-
ever, requires that the noise impact of Army operations
be predicted.

Various manual and computerized procedures for
predicting noise impact from fixed-wing aircraft have
existed for about 10 years. The Air Force, in particular,
has taken interest in this area because of its large fleet
of jet aircraft. Because fixed-wing aircraft have some-
what limited mancuverability, a straightforward meth.
odology, such as that of the Air Force,® can be used in
predicting their noise impact. The Air Force procedure
uses distinct flight paths and other operational informa-
tion to predict noise impact. Unlike fixed-wing aircraft,

! Construction Criteria Manual, DOD 4270.1-M (Departmcnf
of Defense, 1972).

2 ttr Instatlations Compatible Use Zones, DOD Instruction
4165-57 (Department of Defense, 1973).

. D Horonjefl, et al., Community Noise Exposure Re-
sulting from Alrcraft Operations: Computer Program Descrip-
tinn, Report AD/A-004821 (Bolt, Beranek and Newman [BBN],
1974,

9
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however, helicopters .are able to make tight turns.and
execute sharp maneuvers. Training procedures demand
that helicopter pilots be proficient in this flexible form
of flight. Because of the resulting impossibility of de-
fining helicopter flight paths with current records, a
straightforward procedure like the Air Force's does not
work for rotary-wing aircraft.

CERL therefore developed guidelines for laying out
corridors rather than defining distinct flight paths.
These guidelines, presented in CERL Interim Report
N-10,% enable the planner to establish state-of-the-art
prediction capabilities and to provide a basis for more
detailed analysis when actual aircraft operations are
sufficiently well-documented to justify more precise
procedures.

The purpose of this study was to develop state-of-
the-art Sound Exposure Level (SEL) vs distance curves
in a form which will permit their use in manual or com-
puterized prediction procedures.

Approach

A number of preliminary steps were required before
rotary-wing SEL vs distance tables could be generated.
First, noise from a UH-1 aircraft was measured at CERL
in the spring of 1973 to ascertain expected noise levels
in preparation for a full-scale measurement program of
the Army’s inventory of helicopters. The aircraft was
flown at several altitudes until optimum recording levels
could be found. During this period, several operations,
such as level flight, ascents, descents, and turns, were
experimented with, as was placement of microphones
to form an array.

Following the initial measurements, a Joint Services
Noise Exposure Forecast Technical Conference was
held at CERL in October 1973 to develop the frame-
work for a rotary-wing aircraft measurement plan. At
this meeting, the inventory for measurement. was de-
cided upon, tracking methods were discussed, opera-
tions were ascertained, the altitudes at which the air-
craft should fly were debated, conditions of loading
were commented upon, a2 microphone agray was layed
out, instrumentation was outlined; and the method of
initial analysis was enunciated brietly.

4P. D. Schomer and B. L. Homans, User Manual: Interim
Procedure for Planning Rotary-Wing Aircreft Traffic Patterns
and Siting Noise-Sensitive Land Uses, Interim Report N-10/
ADAD31450 (U.S. Army Construction Engineering Research
Laboratory [CERL], 1976).
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Following this Joint Services conference, rotary-wing
aircraft measurements ‘were performed at Louisville
stageficld near Fort Rucker, AL, in April 1974, The
Fort Rucker locale was chosen because of the availability
of rotary-wing aircraft. Louisville stagefield is outfitted
for these measurements, is proximate to Fort Rucker.
and was not used at the time for training purposes.

Louisville stagefield is comprised of four 1000-ft
(305-m) hard-surfaced landing lanes and a large parking
area. For dynamic operation measurements, Landing
Lane 3 was instrumented with an array of six micro-
phones and was overflown by aircraft executing 14
specific operations. Multi-track magnetic recordings
were made of each operation. Static operation measure-
ments and recordings were made on the parking area
using a moving microphone. Chapter 2 details the heli-
copter operations and methods of measurement.*

Noise from eight typesof Army helicopters was
measured during these tests (Table 1). Lighter aircraft
(such as OH-58, AH-1G,UH-1M, and TH-55) were tested

with normal loading. while the utility and cargo types

(UH-tH, UH-1B, CH-47, and CH-54) were measured
normally and fully loaded because it was felt that the
gross weight would affect performance, resulting in a
change in sound pressure level. Auxiliary fuel tanks in
the UH-{H and UH-1B aircraft were filled with gasoline
to simulate full troop capacity; the CH47 and CH-54
aircraft flew with external sling loads. A sampling of
aircraft and pilots was requested from Fort Rucker to
obtain model-to-model and pilot-to-pilot variability.
When nonavailability of aircraft prevented this, a mix
of pilots was obtained.

Following these measurements, data were reduced
from the magnetic tape recordings (Chapter 3) and ana-
lyzed according to the Air Force Method® to generate
preliminary SEL vs distance curves (Chapter 4). These
data were qualified with meteorological measurements
conducted during the study and combined to reflect
SEL vs distance curves for various meteorological an
operating conditions (Chapter 35). ‘

*During the tests, a jury of 30 subjects judged helicopter
noise compared to that of a fixed-wing (C-3) anicraft. Results
of that compunion study will be reported in a forthcoming
CERL report entitled Subjective Ratings of Annoyance Pro-
duced hy Rotary-Wing Aircraft Noise.

"D. E. Bishop and W. 1. Gulioway, Community Noise Ex-
posure Resulting from Aircraft Operations: Acquisition and
Analvsis of Aircraft Noise and Performance Data, Report
AMRIESTR-73-107 (BBN, 1975).

Table 1
Helicopter Types and Loading Conditions
Measured at Fort Rucker, AL

Helicopter Loading
Model Condition
OH-58 Normal
ALY G Normal
UH-1M Normal
UH-11 Maximum or Normal
Uil-18 Maximum or Normal
Cll-47B Maximum or Normal
CH-54 Maximum or Normal
TH-55 Normal

Mode of Technology Transfer

This report is a basic document to support the User
Manual: Interim Procedures for Planning Rotary-Wing
Aircraft Traffic Patternsand Siting Noise-Sensitive Land
Uses® and a planned computerized helicopter noise

- prediction contouring system.

9 COLLECTION OF DATA

Helicopter Operations

The purpose of the rotary-wing aircraft measure-
ments conducted at Fort Rucker was to obtain haseline
information for the creation of a prediction methodol-
ogy by measuring portions of aircraft flight for all types
of rotary-wing aircraft in the Army’s inventory. To ac-
complish this, a series of operations was conceived that
approximated portions of actual flight. In all, 14 dy-
namic operations were performed over a six-microphone
stationary array, and two static (hover) operations were
measured with a moving microphone. Analog tape re-
cordings were made of the aircraft dynamic operations
while cameras fixed the position of the aircraft in space.

The dynamic operations consisted-of two level fly-
overs, two NOE* maneuvers, two ascénts, two descents,
two lett turns, two right turns, one landing, and one

PP, D. Schomer and B. L. Homans, User Manual: Interim
Procedures for Planning Rotary-Wing Aircraft Traffic Patterns
and Siting Nuise-Sensitive Land Uses, Interim Report N-10/
ADA031450 (CERL, 1976).

*NOE (nap of the earth) operations were not reduced in
final analysis due to the inability to predict aireratt Qlight.

i
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takeof?. Static operations consisted of one in-ground
and one out-of-ground effect hover. The 16 dynamic
and static operations comprised a set.

Before and after each dynamic operation, pilots
were instructed to maintain straight, level, steady flight
for at least 1.5 n mi (2.8 km). Al teardrop turns and.
other ancillary (naneuvers in preparation for the actual
dynamic operation were performed beyond the 1.5 n
mi (2.8 km). In addition to allowing the pilot to stabi-
lize the aircraft, the 1.5 n mi (2.8 km) gave sufficient
time for 10-dB down points to be recorded on magnetic
tape. Table 2 presents the dynamic operations and
ground tracks from which operations were initiated.

The first level flyover was at an altitude of 300 ft
(91 m), directly over Landing Lane 3 on a ground track
of 360 degrees (Figure 1). After executing a teardrop
turn, the aircraft again executed a level flyover at an al-
titude of 300 ft (91 m), but on a ground track of 180
degrees.

After éxecutihg a teardrop tum; the first ascent was
initiated (Figure 2). Beginmag at an altitude of 280 ft
(85 m) AGL along a ground track of 360 degrees,

straight, level flight was maintained until the aircraft

was directly above the south edge of the runway. At
this point, the aircraft began climbing at 500 ft/min
(152 m/min) for 40 sec. After completion of the ascent
(at about 600 ft [183 m]), the aircraft continued on a
ground track of 360 degrees for 1.5 n mi (2.8 km).

The first descent was performed similarly (Figure 3).
Straight, level flight was maintained at 320 ft (98 m)
AGL on a ground track of 180 degrees. At the north
edge of the runway, a descent of 500 ft/min (152 m/
min) was made until 80 ft (24 m) AGL was reached. At
that time, a. ascent was made for 1.5 n mi (2.8 km).
The second descent was flown on a ground track of

360 degrees and ascent was flown on a ground track of

180 degrees.

The first turn (Figure 4) was initiated at a point 1.5
n mi (2.8 km) southeast of the field. With a heading of
315 degrees at 300 ft (91 m) AGL, the helicopter ap-
proached the field at straight, level flight for at least 1
n mi (1.9 km). Upon reaching the field, a 90-degree
turn to the port side was initiated. Turns were conduct-
ed at 3 degreesfsec and were intended to overfly the
center of the landing lane when the aircraft was 45 de-
grees into the turn. When a heading of 225 degrees was
reached, straight, level flight was maintained for 1 n mi
(1.9 km).

Table 2
Dynamic Operations Performed at Fort Rucker

Beginning Ground Track
Operation {Degrees)
1. Level 360
2. Level 180
3. NOE* 360"
4. NOE 180
5. Ascent 360
6. Descent 180
7. Descent 360
8. Ascent 180
9. Left turn 315
10. Right turn 45
11. Right turn 225
12. Left turn 135
13. Landing 180
14, Takeoff 180

*NOE operations were not used in the analyses be-
cause of the inability to predict aircraft position.

The second turn was initiated from a heading of 45
degrees at 300 ft (91 m) AGL. At the field, a 90-degree
turn starboard at 3 degrees/sec was initiated until a
heading of 135 degrees was reached. The third turn was
started with a heading of 225 degrees. A 90-degree turn
was initiated at the field until a heading of 315 degrees
was reached. The fourth turn was started with a heading
of 135 degrees. A 90-degree turn to the port side was
initiated at the field until' a heading of 45 degrees was
reached.

The next maneuver, a normal landing (Figure 5),
was initiated at 300 ft (91 m) AGL on a ground track
of 180 degrees. Landing was accomplished 800 ft (244
m) south of the north edge of the landing lane. The air-
craft then taxied to a point 200 ft (61 m) south of the
north edge of the landing lane. Takeoff was accom-
plished on 180 degrees ground track.

Static operations consisted of in-gtound and out-of-
ground effect hovers. These measurements were per-
formed over a hard-surfaced area (Figure 6). In-ground
cffect hovers were performed with the aircraft at a sta-
bilized position between 0 and 5 ft (0 and 1.5 m)above
the ground. The aircraft maintained the stabilized posi-
tion by always facing into the wind. Out-of-ground
hovers were performed at an altitude of one rotor di-
ameter:




[ —

.5n.m.

®.S5n.m.

(.5nm,

Figure 1. Flight path for level flyovers,
ascents and decents.

Microphone Placement

An array of six microphones was chosen for the dy-
namic operation measurements (Figure 7). It was felt
that the symmetrical arrangement of these microphones
about the longitudinal axis of the landing lane would
allow optimum recordings of takeoffs, landings, ascents,
descents, and level flyovers (most flown in two direc-
tions), as well as turns. Microphone tripods adjacent to
the hover arca were cemented in concrete blocks to
prevent their being blown over by high, aircraft-gener-
ated winds.

One boom-mounted microphone was used for static
operation measurements. Measurements were made at
intervals of 30 degrees around each aircraft at a 200-ft
(61-m) radius (300 ft [91 m] for the CH-47 and CH-54
aircraft), while it performed an in-ground or out-of-
ground effect hover. Measurement positions were
marked with stakes so that they could be replicated
for each aircraft.

Measurement Instrumentation

Acoustic instrumentation for the dynamic operation
measurements (Figure 8a) consisted of six B&K 4149
1/2-in. (12.7-mm) quartz-coated microphones pro-
tected by B&K UA.0237 polyurethane windscreens
and mounted on 4.5-ft {1.4-m) tripods. The micro-
phone signal was fed into B&K 141 field preamplifiers
which were in turn wired to the equipment van. In the
van, each microphone signal was amplified by a Neff
type 119 DC amplifier. Each amplified microphone sig-
nal was then split: one half of the signal was fed to one
channel of the Ampex FR 1300 14-track tape recorder;
the other half went through a 707-Hz high-pass filter,

. was amplified by another Neff amplifier, and was fed

to one channel on the tape recorder. Thus, one channel
of the tape recorder was fed directly, while the other
was high-pass filtered. '

The 707-Hz high-pass filter allowed for a greater dy-
namic range in recording without overloading from the
low-frequency impulsive nature of the helicopter signa-
ture. To monitor overloads, each tape recorder channel
was equipped with a latching level-comparator circuit.
This circuit flagged suspect channels so that adjustments
in gain could be made for subsequent recordings. In ad-
dition, monitor oscilloscopes were connected to each
tape recorder channel so that signatures could be
watched. : '

Time synchronization was handled by a Flow Cor-
poration time code generator which occupied one tape
recorder channel. The remaining data channel on the
Ampex recorder was used for wind speed and direction
information.

The apparatus for the static operation measurements
was carried inside a battery-powered golf cart. Since
the power to the vehicle was completely off while the
vehicle was stopped, no electrical or audible ipterference
was possible while helicopter hover recordings were
being made. Instrumentation for these measurements
(Figure 8b) consisted of a B&K 4145 1.in, (25.4-mm)
condenser microphone boom-mounted on the end of a
6-ft (1.8-m) pole. The microphone was powered by a
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O TOWER

3 VAN

Figure 6. Setup for hover measurements showing measurement positions
for in-ground and out-of-grond effect hovers.

B&K 2804 microphone power supply. This micro-
phone’s signal passed through a switch which was used
to mark individual recordings by preceding them with
the absence of a signal. The signal was split at this point
between a monitor B&K 2209 sound level meier and
three Nagra DJ full-track poriable scientific tope re-
corders.

For in-ground effect hovers, the recorder designated
as "A" in Figure 8b was set torun at 7.5 ips (191 mm/
sec). The two speeds allowed for greater dynamic range
in recording. Because of limited recording time at 7.5
ips (191 mm/sec)(i.e., the A’ recorder ran out of tape),
another recorder (*C”) running st 7.5 ips (191 mm/
sec) was used in addition to the "'B" recorder for the
out-of-ground hover.

Inground and out-of-ground cffect hover measure-
ments were performed around the aircraft a1 30-degree
angular intervals using 30-sec height-averaging measure-
ments. The operator performed the heighi-averaging

measurements by moving the boom-mounted micro-
phone up and down in the vertical plane between 2 and
6 ft (0.6 and 1.8 m) above the ground. Height-averaging
measurements were used when possible standing waves
were to be negated. Upon completion of the measure-
ments at one loration, the microphone operator and
electric golf cart moved to the next measurement posi-
tion alcng the circle enclosing the aircraft.

Ground Tracking System

Making acoustical measurements of aircraft requires
that position information be known. This information
can be determined by elaborate radar tracking systems
involving detailed and lengthy data reduction, or by
much simpler systems.

The tracking system in this study consisted of two
slaved cameras, threc camera positions, and a theodolite
(Figure 7). Carnera 2 remained at the end of the run-
way (adjacent to microphone 4). The other camera was
used in either position C; or Cy depending on the angle
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Figure

of the sun. Stator poles located in front of camera po-
sitions were marked with uniform graduations, Position
information in three dimensions could thus be ascer-
tained at the moment that pictures were taken by ex-
amining photographs from both cameras. The theodo-
lite served a go/no-go function to indicate whether the
aircraft was within position limits.

A four-wire bus system connected the cameras with
the van and the theodolite. When a picture was taken
from either camera, both cameras were fired, wind di-
rection information on the Ampex {4-track tape re-
corder was interrupted momentarily, and a tone was
soi nded at the theodolite. A push-button activator at
the theodolite interrupted wind speed information on
the Ampex reco:der and sounded a tone at the contro}
center. Photographs were taken when the aircraft was
over the center of the landing lane, except during take-
offs and landings. In these cases, photographs were
taken when the aircraft reached the end of the landing
lane.

\ /
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8. (cont’d)

Calibration

Two types of calibration were performed for the dy-
namic operation array system. The first, 2 major electri-
cal calibration and test, was done at the beginning of
each day. An acoustical calibration was done at the
beginning of every reel of tape fur the Ampex recorder.

At the start of each day. the Ampex FR 1300 was
aligned. and the wind speed and direction apparatus
was calibrated. An electrical check was performed on
the microphone system by injecting two square waves
separately (low and high frequency) into the cathode
follower of each channel. Response was checked with
an oscilloscope.

At the beginning of each reel of tape, a2 B&K 4220
124-dB pistonphone was zpplied to the system with
microphones in place, and k-factors were adjusted.
Two of the six microphones were calibrated at a time,
and the calibration information was recorded on mag-
netic tape. After acoustic calibration was complete, |
minute of ambient noise was recorded.




The instrumentation for the static operation meas-
urements was calibrated usinga B&K 4220 pistonphone.
The calibration tone was recorded onto all three Nagra
recorders simultaneously. One minute of ambient noise
was recorded after calibration was complete.

8 cATA REDUCTION

Reaw Data

Each reel of tape from the 14.track Ampex FR-1300
tape reccrder contained 12 channels of acoustical data:
one channel of time code information: one channel on-
to which wind speed, wind direction, and signals from
the cameras and theodolite were recotded; and one
edge track onto which voice information was placed.
Each reel of tape contained one set which consisted of
14 dynamic operations (runs) for each aircraft; there
was a tofal of 40 sets (reels of tape).*

The 12 channels of acoustical data originated from
the six microphones in the dynamic operations array.
Each microphone signal was split: one part recorded
linearly on one channel and the other sent through a
707-Hz high-pass filter and recorded on another chan-
nel. The object of this configuration was to prevent
overloading or saturation of the electronics by the tow-
frequency components of the helicopter spectrum.

Time code information was supplied by a Flow Cor-
poration time code genecator. Day of the year, hours,
minutes, and seconds were recorded on one channel of
the Ampex recorder in digital format.

The remaining data channel contained the outputs
of two voltage-:ontrolled oscillators. These units were
set up in such 3 way as to form a discrete frequency
band for both. The voltage-controlled oscillators were
driven by an R. M. Young wind speed and direction
measurement apparatus. In this way, this tape channel
could be read by a spectrum analyzer and wind specd
and direction components ascertained. In addition,
push-button activators (which were used to fire the
camnera bus) deleted the wind direction signal when
pressed. The push-button activator at the theodolite
momentarily interrupted the wind speed signal. The
edge track contained a vocal running diary of events.

*Ninecteen additional sets were recorded in a similar fashion
for Navy and Marine helicopters at Camp Pendleton, CA.

Each operation (run) was photographed when the
aircraft passed over the center of the landing lane as
described previously. Two cameras 90 degrees apart fo-
cused on a point ahove the center of the runway where
it was anticipated that :he helicopter would fly. In the
foreground of each photograph was a stator rod marked
with uniform divisions. When the helicopter passed
over the appropriate spot, an operator fired one of the
cameras. A four-wire bus system fired the other camera
and at the same time momentarily interrupted the
wind direction signal as described above.

Each photograph carried position information in the
form of altitude and side-to-side variation. The time at
which the photographs were shot was noted on the
analog recording.

In addition, a written record was kept by the the-
odolite operator. Since the theodolite was fixed in place
for each run, the operator could record the relative al-
titude of the helicopter in the field of view when the
cameras were fired (and a Sonalert near the theodolite
sounded). The theodolite was only used to check re-
sults from the cameras.

Reduction of Dynamic Operstion Dsta

The most economically feasible method was sought
for capturing data from tape while at the same time
maintaining a high dynamic range. Since the Federal
Scientific UA-14A 400-line spectrum analyzer had a
lower dynamic range than the Ampex FR 1300 tape re-
corder, it was decided that two passes of each tape re.
corder channel would have to be performed at differing
gains to match the dynamic range of the tape recorder.
A Nova 1200 municomputer sampled the spectrum ana-
lyzer evety 0.5 sec, summed the spectra into one-third
octaves, and stored the contents on disk. Since each
microphone signal was split while recording (one high
frequency and one low frequency channel), a totef of
fout passes was performed for each of the six micro-
phones.

The procedure for the two-pass system was as fol-
lows. At first detection of a helicopter, the tape and
analysis equipment were started. The first pass was
made with a high gain setting. Some overloading of the
spectrum analyzer was expected, and these portions
were flagged by the minicuinputer. After the helicopter
being analyzed was no longer detectable, analysis
stopped, the tape was rewound, and gain to the analyzer
was lowered in preparation for the second pass. For
record-keeping purposes, the minicomputer was used
interactively; that is, information was requested from




the operator before and after each pass. For the second
low gain pass, the analysis was sturted at the same thne
on tape by use of the time code channel in order to in-
sure synchronization between the passes. The two
passes were meshed by incorporating data from the
second low gain pass whenever it was indicated that the
high gain pass was overlonded. This same procedure
was repeated for the other channel of the low-high fre-
quency pair for cach microphone, and results fitted to-
gether to form the full spectrum per 0.5 sec for each
microphone.

Reduction of data from the two cameras was handled
~ differently. Since a graduated stator rod was present in
the foreground of each photograph, altitude and side-
to-side variation over the center of the landing lane
could be read if the camera angle, distance to the stator
rod, and distance between graduations on the stator
rod were known. Corrections were made for aberrations
in the lens. »

Negatives of each helicopter were projected on the
screen of a microfiche reader, measurements were taken
. in relation to the stator rod, and data were encoded in-
to the minicomputer for further calculation and analy-
sis. Algorithms were written that located the helicopter
ir. Jiree dimensions at the time both cameras were
fired, given the information supplied in the two pictures.
The slant distance to each of the six microphones in
the array was calculated based on the position of the
helicopter in space.

The problem of different types of noise being pres-
ent is inherent in any analysis procedure. Noise from
different sources only becomes significant when it ap-
proaches the signal level. Numerous methods are avail-
able to ascertain the combined noise level; some of
these will be discussed here.

It is important that when noise readings are taken,
gain settings throughout the system remain the same as
they were when the helicopter data were recorded. For
the first nioise reading—ambient noise—a recording was
made immediately after the helicopter left the area fol-
lowing a set. This reading reflected ambient sounds
(such as wind, vehicles, birds, and other environmental
sounds) that occurred while tests were in progress.

Electrical noise—the noise of the system that is con-
stant at different gain settings—was measured by attach-
ing a dummy microphone to the cathode follower at
one of the stations and measuring the resultant level on
playback from tape.

The third nolse reading--tape noise—was taken by
shorting the input to one channel and recording. On
playback, the level was measured. B

The three noisc levels were summed to calculate a
composite noise level (CNL) by one-third octaves for
cach gain setting used. The correct CNL wus compared
to the resultant one-third octave spectra for each 0.5
sec, and those 0.5-sec intervals were flagged if their
levels came within 3 dB of the CNL value.

Reduction of Static Operation Data

Reduction of the hover data was performed in two
steps. First, a polar plot was made of the data for-each
helicopter under each unique condition such as normal
or maximum loading or in-ground or out-of-ground ef-
fect hover. Comparing these data for different helicop-
ters of the same type under similar conditions indicated
substantial variability in the individual Leq values (plus
or minus 5 dB). These variations were observed during
the actual recording of data and resulted primarily from

~ pilot actions as the hovering helicopter was kept at a

constant altitude and facing into a variable wind.

Because of the large variability in the data for an in-
dividual helicopter, it was decided to form average polar
plots for all of the helicopters (except the CH-47 and
CH-54 which were measured at 300 ft [91 m] instead
of 200 ft [61 m] as were the other six aircraft).

4 DATA ANALYSIS

As indicated in Chapter 3, dynamic operation data
were reduced into one-third octave spectra for each 0.5
sec of recording. Essentially, the analysis of these re-
duced data took two steps:

1. Calculation of the integrated A-weighted sound
exposure level (SEL) for each microphone recording.

2. Development of A-weighted SEL versus distance
relations.

Step 1 has two parts. First, the A-weighted SEL was
calculated for the microphone fiyover. Essentially, this
calculation involves forming the integral of the A-
weighted pressure squared received by the microphone.
The 0.5-sec time interval having the maximum A-
weighted value was determined, and the entire one-third
octave spectrum for that 0.5 sec was recorded. The dis-




[
i

tance of closest approach from aircraft to microphone
for each individual flyover recording at each micro-
phone was determined from the positional information
recorded photographically and synchronized to (he

- magnetic tape recording. The maximum spectrum and

distance of closest approach were then used to convert
the raw SEL (A-weighted) to an equivalent SEL for a
day with a standard temperature of 59°F (15°C) and
relative humidity of 70 percent.

In the second step, A-weighted SEL versus distance
relations were established. The data used were the SEL
at the microphone corrected to the standard day con-
ditions, the distance of closest approach from aircraft
to microphone, and the maximum and one-third octave
spectra during the half-second having the maximum A-
weighted reading. Distance causes three factors to vary:
(1) air absorption (the one-third octave spectrum was
used to determine the effect of air absorption); (2) the
1/r* amplitude change of a point acoustical source; and
(3) the apparent durational change of a source moving
in a straight line at constant speed. Since all Army heli-
copters operate at about the same speed, speed was not
considered in this analysis. Appendix A contains a de-
tailed description of this analysis procedure, which is
structured similarly to the Air Force procedure” that
was written in part to describe the reduction of fixed-
wing aircraft data. The primary difference between the
Air Force and Army data reductions is that the Air
Force used tone corrections and effective perceived
noise level (EPNdB) as well as A-weighted levels. The
Joint Services (in conjunction with DOD) subsequently
agreed to eliminate EPNdB in lieu of A-weighted levels
and to eliminate the tone corrections. Additionally, it
was found that the concept of tone correction did not
apply to helicopters since the primary noise source is
the rotor rather than the engines.)

Three methods were employed to test the sensitivity
and validity of the Air Force’s data reduction method.
Two of these methods used an alternate spectrum in-
stead of the spectrum during the 0.5 sec having the
maximum A-weighted level. In one case, the average
spectrum over the entire recording of an individual fly-
over was employed and in the other, a normalized spec-
trum for the entire flyover was formed by treating each
0.5 sec as equal. Since it is the spectrum which, along

D. E. Bishop and W. J. Galloway, Community Noise Ex-
posure Resulting from Aircraft Operations: Acquisition and
Analysis of Aircraft Noise and Performance Data, Report
AMRL-TR-73-107 (BBN, 1975).
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with distance, is used to convert the raw data to average
day and to account for air absorption, it was felt that
these alternate spectra would indicate any significant
problems. Typically, use of either of these alternate
spectra results in SELs which agree within a few tenths
of a decibe! with the Air Force method over all of the
distances for which SEL was calculated,

As an even more rigorous test, SEL values were cal-
culated by reconstituting the noise produced by the
helicopter as it traveled along its flight path and attenu-
ating the reconstituted noise to the various points (dis-
tances) at which one wanted to calculate SEL. Because
of: the finite length of actual recording, this process
could only be accurate to distances of about 10,000 ft
(3 km). Within this distance constraint, the more com-
plicated process described above was found to agree
within about 1 dB or less with the simpler method em-
ployed by the Air Force for data reduction.

On the basis of the three alternate data reduction

. methods described above, the best procedure for Army

use was determined to be the Air Force method; this
method was selected so that all of DOD’s aircraft data
would be reduced using essentially the same procedure.

Analysis of the hover data was quite simple. It should
be recalled that a 3-sec recording was made at 30-degree
increments around the hovering helicopter at a distance
of 200 ft (61 m) from the center of the helicopter (300
ft [91 m] for the CH-47 and CH-54 helicopters). Anal-
ysis consisted of direct measurement of the cquivalent
levels (Leq) A-weighted for each 30-sec recording. This
Leq measurement was performed using the CERL True
Integrating Noise Monitor and Sound Exposure Level
Meter (which employs a true integrating detector).

EXPLANATION OF DYNAMIC.

85 OPERATIONS SEL CURVES AND

STATIC OPERATIONS Leq PLOTS

Combination of Dynamic Operation$'’

Once SEL vs distance values had been generated,
these data had to be combined into a form usable in
the field. The Nova 1200 minicomputer was the logical
choice for analysis, since interactive operation was pos-
sible.

The minicomputer provided a number of options,
including combining, printing, and plotting data. A brief
description of the combining options is presented here.



For any particular run, the user was given u choice
of data specification. One method allowed set, opera-
tion, and microphone number to be specified for com-
bining. The other method allowed the user to choose
aircraft, loading conditions, operations, and wind/
microphone relations. This method will be described
here,

For any particular run, the user was asked to select
one or more aircraft for the run and, if applicable,
whether these aircraft were to have normal and/or
maximum loading. One or more operations was selected
next: level flight, ascent, descent, takeoff, landing, or
turns. Next, for mean wind velocity, the user could
select one or more of the four bands between 0 and 20
knots (617 m/sec) in S knot (154/m sec) increments,
greater than 20 knots (617 m/sec), or all wind veloci-
ties. One or more wind velocity standard deviations
were available to the user. Wind/microphone relations
were also available so that the user could select the
wind direction (head, tail, port, or starboard) and the
microphone relation (upwind and downwind for head
and tail, sideline [upwind and downwind] and beneath
- for port and starboard).

After some computation, the SEL vs distance tables
shown in Appendix B were developed.

Analysis of SEL vs Distance Curves
Operations Distant From Airfields

The first group of plots in this section provides SEL
vs distance curves for cross-country flying and other
maneuvers performed distant from airfields, heliports,
and landing pads. Operations considered are level fly-
overs, ascents, descents, and turns. For each SEL vs dis-
tance plot presented in this section, Appendix B also
provides the corresponding set and operation numbers
used to form the plot.

Figure 9 presents all aircraft (with both normal and
maximum loading) grouped according to operation. In-
spection reveals that level flyovers and turns are coin-
cident. Compared to these, descents are approximately
1.5 dB higher, and ascents are about 1 dB lower. Level
flyovers and turns are expected to be the same, since
inside and outside turns* were considered. When inside

*For inside and outside turns. only microphones 1 and 4
(at opposite ends of runway 3) were used for analysis. Inside
turns are definzd as those 3 degree/sec, 90-degree turns in which
the subject microphone sees a concave flight path. Conversely,
the subject microphone views a convex flight path for outside
turns.

and outside turns are separated and plotted against
level flyovers (Figure 10), it is seen that outside turns
vare, at the most, 1.5 dB higher than inside turns. When
ascents and descents (combined) are plotted against
level flyovers (Figure 11), ascents and descents exceed
level flyovers by only 0.5 dB. 1t can therefore be con-
cluded that level flyovers, inside and outside turns
(combined), and ascents and descents (combined) pro-
duce nearly coincident curves. Since the resultant values
from level flyovers, ascents, and descents are all similar,
differences under loading conditions werc examined.
Figures 12 and 13 show the CH-47, CH-54, UH-IH,
and UH-1B aircraft plotted under normal and maxi-
.mum loading conditions for level flyovers and ascents
and descents (combined). From these plots, the dif-
ferences between the two conditions are found to be
1.5 dB for CH-54s, 1 dB for UH-1Hs, 0 dB for CH-47s,
and 0 dB for UH-1Bs.

Figure 14 shows the eight Army models tested with
normal and maximum loading combined on those air-
craft so tested. In this plot, the aircraft fall into four
groups:

Group | : CH-47

Group 2: CH-54, UH-1H, AH-1G
Group 3: UH-1B, UH-IM
Group 4: OH-58, TH-55.

Figure 15 compares these four groupings to all air-
craft.

There are not enough data to substantiate sufficiently
the quantitative results for wind effects in level fly-
overs, ascents, and descents. Qualitative trends, how-
ever, may be drawn. ’

Figure 16 shows curves with respect to wind direc-
tion (head, tail, port, and starboard). Here, only data
corresponding to winds within %15 degrees of each
primary direction were considered; data represented by
the other 240 degrees were excluded from the analysis.
It is noted that data gathered with port and starboard
winds are close to onc another as are data gathered
with head and tail winds.

Figure 17 depicts combined data for head and tail
winds and port and starbumd winds. On this plot, level
flyovers (winds from 360 degrees considered) are
shown as a reference. These data indicate that on the




W BHOE'0 = 1) [ 11019} UOISIAAUOD |G "uonerado
01 8urp1020€ padnoid jyeiome [[B J0J SOAIND 2URISIp SA TS "6 unSig

1334 JONBLSIO FONBY INYTS

D 5 , g Weos o s v z Voo 9 ¢ 2 0},

6 8 ¢ A1
SN3NL = ©

INIJSIA= ¥ |

IN3ISH =@ —°
EVEREE:

8

a3

~J

% N

/ )

=

o

X

ocl

13A377 JaNSB4X3 ONNOS

(U-90)

23




W SHOE ) = 1} | 110IOE) UOISIZAUOD |G "SI9A0A]) 19A2] 0)
paredwiod (aye1edas) suiny SpISINO puc IpPISUT JOJ SIAIND adueISIP A TS Q] und1g

1334 30NBLSI0 JINBY INGTIS

s n ¢ : Weo s 9 s n e 2 Peo ¢ 95 v & 2 0L
T13A3 T =+« F=
SN3NL 301510 =® —°
SN3NL “30TSNI = ©
: 3

T3A3T 3INSOHXT ONNBS

{

(U~-80)

oct




"W BHOE'0 = 3J 1 110)108J UOISIIAUOD |S "SISAOA]] [3A3] 0)
paieduwod (paulquiod) S}U3OSIP PUE SIUIISE 10§ SAIND IDUBISIP sA THS *[ | 20nfig

1334 FINULSIC 39INHS INYTS
Meg s 95 v ¢ : Wes 9 s v ¢ ¢ Yoo s 9 s n o o 01,
w
Q
E=e o S
IN3ISI0 + INI3SE= o0 —° 5
~. 2 <
>
7
=
M
@
—
M
<
@ M
gy mll' H
ci=
o
i
- D f
O i

0




W QPO 0 = 1) | 110108 UOISIIAUOD |G "1JRIDNE [ H-H) |
pue H[-HN 10§ Suipeo] wnwixew pue [puiou jo uosuedwoy) 'z anSig

1393 3FINBLS[O FINBY INBIS

Deos 9 s v e 2 Weoc g s v ¢ 7 o os v & ¢ 0L,
XW Lh-H) = ©

Sz e

XtW HI-H1= 8 T2

HI-H=o | &

-

18 =Z

O

Rl

B B >

><

[

w

S C

70

' 71

—

m

<

KL

-

J

o

|

D




(4}

"W 8H0E"0 = 1) | 110398 UOISIAAUOD |G *IJRIDIE pS-HD)
PUE g ]-Hi(} 10) SUIPEO] WNUIIXBU PUE [EULIOU JO uosuedwo)) gy undyy

sz

1334 " 3IINULISIO IINHY 1NBS .
6§0¢ 9 5 n ¢ z Weor9 s v ¢ Z eoc90 s v & 2 0,
XUW TS-HD = ©
hS-H) = v -
X4W BI-HN-=8 —1°

gl-dn=-9

A
13A3T FANSBAX3 ONNBS

t atZ
(g-80)




‘WSHOE0O=1 1 :.Su& UOISIZAUOD IS
*paisa} Jjeoare 1y3ia Joj sBuipeo] pauiquio)) *p§ ity

1334~ 3INULSIA IINUY INBIS

Wieo 9 ¢ n ¢ 2

. e 2 hrd

=)

DVep , 9 5 n

£ ¢

8S-HD = x
GS-Hl=+
WI-HN= +
W/N .mﬁl—._n - x
9l-Hg=+
W/N HI-HN=V
W/N 1S-H)=1n
W/R “h-H)= ©

08 0s oh oe~

0d

08

6

- 13A3T 3ANSBAXT ONNOS

(g-8d)

ot

0ct




o

S e Bk D953 W

"W RHOE0 = 3} 1 :10308) UOISIFAUOD IS
. *s19A0A]j [oA9] 01 pasedwiod 3je1olmE Jo sBudnoiB nog “§§ amfyy

1334 IINBLSIO 39INYY INOYTS

O, 6,9 5 b ¢ 2 Weo o s v & 2 nﬂ@@* 9 s n & ¢ 0L
GG-HL “@S-HQ ~:h = *
WI-HA “W/N B1-HN € "= ¢ £
g8 =Y ©
91-HY “W/N HL-HN “W/N hS-H] "¢ '=©
.///// W/N Lh-HD i1 =0 o
l// / \ . "
/7/ 5
/ ®
/ .
// ©
3
o

oct

13737 33INSB4X3 ONNBS

(g-80)

29




7T T I VIRV Y T S e T T T T A TN ey

"SUONIANP PUIM 0) 199ds31 Yllw saAINd TS "9 By

1334 3ONBLSIA JINLY LNGTS

Wis g . 9

13 4

oe=

0dL08aH1S = ¢

130d =¥
nlg1 =@
Og3IH= @

- Gh

us

08

13A37 FINSDAX3 AONNDS

001

(8-80)

L

b gt A0 % Soeinbaic il s b £ s o

oct

PR

30



69 ¢ 9

[\a}

WOl

rd

 WIP0E'0 =1 [ :10IDE] UOISIFAUOD [§ ‘(PIUIUIOD) SPUIM
preoques pue 33od puE (PaUIQUI0D) SPULM [[E) PUE PESY 0] BIEP PauIqIo) L] amBiy

1334 3INYLS

68 £ 9 S h €

10 F9NUd INY1S
z Ol s ¢ o

e

S

p=r
o~

REVER I

J4508351S + 1304 =@ 1o

1YL + QY3IH=©

0s

08

0L

oct

13A37 JINSOdX3 ONNBS

(5-80)

pee vy




average, wind is not a factor and that varlation is less
than 1 to 2 dB. There were not enough data to compare
up and down wind situations because the site was layed
out to maximize head and tail wind conditions.

Figure 18 presents data corresponding to wind
speed. Data are plotted in increments of S knots (154
m/sec). Here, SEL values are monotonically decreasing
with increasing speed range plotted.

Figurc 19 shows differences between data recorded
on sideline microphones and data recorded on micro-
phones beneath the flight path. Data recorded on side-
line microphones were about 1.5 dB lower than data
recorded on microphones directly beneath the flight
path for level flyovers and ascents and descents com-
bined.

Operations Proximate to Airfields

Figure 20 presents SEL curves for landings. Here,
the data are grouped into two sets of sideline micro-
phones and one microphone located in front of the
aircraft (see Figure 7 for microphone position). As a
reference, level flyovers are also plotted. These curves
show that aircraft are typically louder to the front than
to the sidelines when landing and that landings are
louder than level flyovers.

- Figure 21, which shows all landing microphones
combined vs level flyovers, indicates that SEL values
for landings are typically 3 to 5 dB higher than those
for level flyovers. This factor is suitable for use in man-
ual predictions.

Figure 22 shows data grouped by microphones for
takeoffs compared to level flyovers. Only microphone
4 is significantiy different from a level flyover; this dif-
ference was caused by the fact that the helicopter
hovered before taking off. This hover period must be
treated in an analogous fashion to ground run-ups for
fixed-wing aircraft. Figure 23 gives the directivity pat-
tern to apply and Table 3 corrects the pattern to ab-
solute levels. for individual aircraft. Appendix C provides
directivity patterns (Leq plots) for in-ground and out-
of-ground effect hovers for each type of aircraft tested.
The flight portion of takeoffs is adequately approxi-
mated by level flyovers,

Combination of Static Operations Data

As explained in Chapter 3, because of the large vari-
ability in the data for an individual helicopter, average
polar plots were formed for all of the helicopters (cxcept

the CH-47 and CH-54, which were measured at 300 ft
[91 m] instead of 200 ft [61 m] as were the other air-
craft),

Figure 9 shows these average polar plots for in-
ground and out-of-ground effect hover conditions. All
of the data for the different aircraft were first normal-
ized to 80 dB so that these polar plots would not be
dominated by the larger helicopters. Table 3 lists the
correction factor necessary to scale the normalized
polar plots back to an actual polar plot for each of the

individual aircraft at a reference distance of 200 ﬂ'

(61 m).

CONCLUSIONS AND
RECOMMENDATIONS

Conclusions

This report has provided state-of-the-art Sound Ex-
posure Level (SEL) versus distance curves (Figures 9
through 22) with supporting operational information
(Appendix B) for eight models of Army rotary-wing
aircraft. Equivalent Sound Level (Leg) contours for
hovering aircraft are also furnished (Figure 9, Table 3,
Appendix C). Data as presented are suitable for use in
either manual or computerized techniques for the pre-
diction of noise impact from rotary-wing aircraft.

The following conclusions can be drawn about the
data presented here:

1. The same levels (coincident SEL vs distance
curves) result from the following operations for all air-
craft:

a. Level flyovers

b. Inside and outside turns combined

c. Ascents and descents combined
Since the data are coincident, the noise impact may be
adequately described by using the level flyover SEL vs
distance data shown in Figure 9 only.

2. The effect of having aircraflt fully loaded (with

troops, equipment, ete.) rather than normally loaded is
slight und may be ignored (Figures 12 and 13).
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Tablk 3
Correctinn Factor Necessary to Scale Normalized Polar Plots
to Actus! Plots for Each Individual Aircraft

Messurement An|

OH.-58 AH-1IG uit-18

(in Degrees) hGround Outof-Ground laGrownd Outof-Groknd InGround Out-of-Ground
0 -1.2 -S40 N3 -88 -1 -62
30 1.4 5 120 (0.1 47 6.4
60 0 52 87 119 46 15
90 -26 -6.0 78 9.4 -4.0 8.4
120 4 35 .47 9. -6.8 1.7
150 s 1o 5.2 89 _5.0 113
180 22 2.1 74 56 39 .3
210 s 3 73 20 6.1 10.3
240 I 8 17 76 25 6.3 13.0
270 47 21 99 8.1 -1.4 -8.0
00 18 -85 -109 -10.1 .94 -10.0
330 13 6.1 1 -6.6 -58 -84

UH-IM UNH-IM TH-SS

Measurement Angle

(Normal and Maximum Loading) (Normal and Maximum Loeding)

(in Dogrees) InGrovad Out-of-Ground In-Ground Out-of -Ground

0 -83 -7.3 -9.0 -9 -1
30 83 .97 6.2 R -39
60 5.6 98 6.4 97 -30
90 4.6 121 -4.6 102 -4
120 s4 10 6.3 10N 44
150 4.0 1.4 92 142 7.2
180 LN 10.4 10,6 132 34
210 60 108 96 138 4.6
240 s 94 -1 13 6.6
270 6.7 -10.6 216 -K3 -39
Joo 10.1 10.§ LA} 108 -4
330 78 -8.1 -8.6 -89 -14
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Figure 23. Average polar plots for in-ground and out-of-ground effect hover conditions
normalized to 80 dB for all aircraft except CH-47 and CH-54.
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3. For bases having a large number of aircraft of

any particular model type, a grouping may be chosen
to more closely reflect the actual noise impact (Figure
15).

4. The effects of wind direction are small and tend
to cancel each other (Figure 17).

S. Measured noise levels decrease with increasing
wind velocity (Figure 18).

6. A direct overflight is somewhat noisier than a
sideline flyover for the same slant distance (Figure 19).

7. Landing aircraft produce higher noise to the
front than the sides (Figure 20).

'8. Landings produce SEL levels approximately 3 to
S dB higher than level flyovers (Figures 20 and 21).

9. Aircraft preparing to take off produce higher
SEL levels than they do during takeoffs (Figure 22).

These *‘ground run-ups” may be predicted using in-.

ground effect hover data (Figure 23 and Table 3).

10. Once off the ground, takeoffs may be approxi-
mated by the level flyover curve (Figure 22).

Recommendations

It is recommended that the state-of-the-art data pre-
sented in this report be used in any manual and com-
puterized techniques used to predict noise impact for
Army rotary-wing aircraft. When these data are in-
cluded in an automated (computerized) prediction sys-
tem, it is recommended that:

1. When predicting the noise impact from a single
aircraft, the level flyover or combined level flyovers,

~ ascents, and descents data be used (Figure 14).

40

2. When predicting impact for a fleet of aircraft, in- .
dividual groupings (Figure 15) be used.

3. When landing direction is known, Figure 20 be
used to allow for high levels in front of the aircraft.

When performing manual predictions, it is recom-
mended that the curve for all aircraft in Figure 15 be
used. This curve is weighted toward UH-1s; since the
Army’s fleet of rotary-wing aircraft is similarly weighted,
this curve is realistic in most cases.
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APPENDIXA:
'DESCRIPTION OF ANALYSIS PROCEDURE

Symbols
Subscripts

1. A subscript “f indicates a noise measurcment
obtained in the field without adjustment to reference
conditions.

2. A subscript *j” indicates a running index associ-
ated with measurements on specific flights, where *j”
indicates the flight number.

3. The subscript “i”” is a running index associated
with any one band in the set of one-third octave fre-
quency bands.

4. A variable with a superscript apostrophe (read as
“prime”’) identifies a value of the variable intermediate
in the process of determining the final value adjusted

- to reference conditions.

S. A subscript “r” indicates the value of a variable
at its reference condition.

Acoustical

AL A-weighted sound level, in dBA, as specxﬁed

in IEC Publication No. 179.

ALM  Maximum A-devel occurring during a noise
event.

dB Decibel.

ASEL Sound exposure level, in dB, is the level of the
time-integrated mean square A-weighted sound
pressure for an event, with a reference time of
one second:

4+ AL
ASEL=101og[ 1010 gt

For purposes of aircraft noise evaluation, SEL
is computed from A-levels sampled at discrete
intervals of 0.5 sec or less. Thus the working
expression for SEL becomes:

IO.

ALK
ASEL = 10 log 2 10 10 +1010g At

where d is the time interval during which

AL(K) is within10 dB of the maximum A-level,
and At is the time interval between noise level

samples
SPL Sound pressure level in dB.

a Sound attenuation coefficient in air.

A Adjustment factors to reduce test conditions
to reference conditions.

Geometry

L . Point of receiver.

Q Point on flight path closest to point L.
S Distance from point L to point Q.

X Arbitrary slant distance.

Computation of ASEL Versus Distance Curves
From Level Flyover Noise Measurements—
Air-to-Ground Propagation

It is assumed that ASEL is the sum of the A-level
maximum (ALM) plus a duration correction, D(AL). It
is further assumed that ASEL varies with distance be-
cause of:

a. Changes in ALM which are caused by inverse

square changes in SPLs and changes in SPLs
caused by air absorption.

b. Changes in D(AL) which are directly proportional
to air speed* and inversely proportional to dis-
tance.

It is also assumed that ALM is generated at an angle
of maximum radiation, 8.

Normalization of Level Flyover Data to Standard
Day Conditions and to Any Slant Distance

Develop basic description of noise levels as a function
of aircraft performance from level flyovers. Adjust all
flyover data to reference acoustical day conditions

(59°F, 70 percent relative humidity) and distance x.

a, Obtam ASEij (dB)

b. Obtain slant distance Sj fromLto Q (ft)

*Since model-to-model variation in rotary-wing air speed is
small, the effect of air speed can be ignored.

et s o




Compute ax‘S.i foralli

Compute ay x for all i (where a;) refers
to sound attenuation coefficients for
59°F, 70 percent relative humidity).

S.
. = _l
Obtain ASj 20 log,o x

%
Obtain Azj = —101agy0 "

()

(dB)

(d3)

(dB)

h.

Obtain SPL'ij = SPL{())ij + "isj - a X (dB)
+ ASj + Azj (where SPL(O)U. is the one-

third octave SPL for ALM,.)

Compute AL'j from SPL’U.. (dB)

"l - - . ?
Obutain ASl:ij AS!:L‘.j + ALj ALMJ. (d)
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APPENDIX B:

SEL TABLES FOR DYNAMIC OPERATIONS

This appendix contains 14 tables each having two second (b) shows which sets and runs are represented
parts. The first part of each table (a) presents SEL vs in the tables.
distance data for a particular case in tabular form; the

Table Bi
Operation From Airfields—All Aircraft
{Normal and Maximum Loading)
a. SEL Values, dBA

Slant
Distance Level

ft (m) Flyovern Ascents Descents Tums
100 30.5) 931 102.3 1046 103.3
200 61.0) 140.0 99.1 101.4 100.1
300 (91 .4) 98.1 97.2 99.5 98.2
500 (1524) 95.6 94.7 971 98.7
1000 (304.8) 920 91.1 75 92.}
2000 609.6) 88.1 87.1 89.7 88.2
300V {(914.4) 85.6 84.5 87.2 85.6
5000V (1524) 82.0 BO.R 83.7 82.0
10000 (3048) 76.3 75.0 8.1 76.1
20000 (6096) 69.1 67.9 70.8 68.7
30000 (9144) 64.1 63.0 65.5 63.5
50000 (15240 56.6 559 575 56.1
Data Points 446 461 448 292
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Table Bl (Cont’d)
b. Set and Run Information

T R

MN wod) 17

3N wosj 1o

MS wol) 1Y

IS wol) 1T

081 3Ny

09¢ 1uxsag

081 g

09¢ Y

081 Ba¥]

[ |

PO XS

Operation

- R RYT P oy

Mode!

Set

L B B B B o B ]

OH-58
OH-S8
OH-58
OH-58
AH-1G
AH-IG

1
2.
4.
5

27
28.

o i P 0 R s e i -

FENTERG FORERRETL T TN WP IATRER R T T TRATE e e e e o
b

DOETZETEXELX
Tz X
<CLDODODDO2
RSO MO S
- P e R e

o), iy oA el 0 i

UH

CH47
CH47
CH47

8.
14.
37.

— e e -

” T

~ o

TSI 2w

> giie adiie o

VR SR SRS]

~ a0 O\ —
- -

re -

CH-54

10.
12.
.

CH-54

TH-55

TH-55

32.

TH-55

s,
36.

TH-$S

{ = Level flyovers
2 = Ascents
3

Key:

Descents

4 = Turns

S

44




I —

TP TS e
o A A 0 o P T A STV TS THE v

g e m——

Table B2
Inside and Outside Tums— All Aircraft
(Normal snd Maximum Loading)
a. SEL Values.dBA
Slant

Distance inside Outside

ft (m) Tums Tums
100 (30.5) 103.0 103.5
200 (61.0) 99 8 1004
300 (91.4) 979 98.5
500 (1524) 95.3 96.1
1000 (304 .8) 91.7 926
2000 (609.6) 87.6 88.7
3000 914 4) 849 86.2
5000 (1524) 81.1 82.7
10000 (3048) 749 771
20000 (6096) 67.3 69.8
30000 (9144) 62.2 64.6
50000 (15240) §5.2 56.9
Data Points 146 146

Table B2 (Cont'd)
b. Set and Run Infrrmation

Openstion w a g §
1§58 5§
§ 5 5 £ 5
Set Model
1. OH-S8 X X X X
2. OH-58 X
27. OH-58 X X X X
28 OH-:8 X X X X
4, AH-1G X X X X
s.  AH-IG X X X X
39. AH-1G X X X X
40. AHAG X X X X
6. UH-I1M X X X X
13. UH-IM X X X X
29. UH-I1M X X X X
30. UM X X X
18. UH-1H X X X X
17. UH-1H X X X X
28. UH-1H X X X X
33. UH-1H X X X X
6. UH-IH X X X X X
18. UH-IH X X X X X
26. UH-1H X X X X X
4. UH-1H X X X X X
19. UH-IB b4 X X X
21. UH-1B X X X X
23, UH-1B X X X X
20. UH-1B X X X X X
22. UH-1B X X X X X
24. UH-1B X X X X X
8. CH47 X X X X
14. CH47 X X X X
37. CH47 X X X X
7. CH47 X X
38, CH47 X X x X X
9. CH-54 X X X X
1. CH-54 X X X
10. CH-54 X
12. CH-54 X X X X X
31. TH-55 X X X X
32. TH-58 X X X X
3. TH-55 X X X X
36. TH-$S X X X b ¢

Key: X = inside and outside turns
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Table B3 Table B3 (Cont'd)
Ascents and Descents Combined and Level Flyovers b. Set and Run Information
a. SEL Values, dBA

 ea e o — WSy S " T s ey

Openition e )
Siant g g 8 2 = 8 8 :

Distance Ascents and Level s b < '
ft (m)  Uescents Combined Fiyoven % E g g 2 2 § :
100 30.5) 1036 to3. i
200 TN 1004 100.0 Set Model
300 91.4) 98.5 98.1 1. OH-SB 2 2 ! 1 1 !
500 (1529 $6.0 95.6 2. OH-S8 2 b) 1 1 1

2000 (609.6) 83.6 88.1 28, OH-58 9 2 ) i 1 1

3000 914 4) 86.0 85.6 4 AHIG 2 2 ) 1 )

5000 (1524) 82.5 82.0 s AH-IG 2 2 1 1 ) i -
10000 (3048) 16.8 76.3 39.  AH-1G 2 2 ' 1 1 1 e
20000 (6096) 696 69.1 40. AH-IG b) b 1 1 1 1 ;.
30000 (9144) 644 64.1 6. UH-IM z 2 1 1 1 1
50000 (15240) 56.8 56.6 13.  UH-IM 2 2 i 1 1 1 .
Data Points 909 446 29. UH-IM 2 2 ] 1 i 1

30. UH-IM 2 2 i l 1 1
15. UH-1H 2 2 1 } 1 1
17. UH-IH 2 2 1 1 1 1
25. Uid-lH | 1 1 1 P
33. UH-IH 2 2 1 1 1 1 ;3
16 UHIH X 2 2 1 1 1 1 !
18. UH-IH X 2 2 1 t 1 1
26. UH-IH X 2 2 1 1 1 1
3. UHIH X 2 2 1 1 1 1
19. UH-1B 2 2 | 1 1 1
21, UM-iB 2 2 1 1 1 t
23, UH-B 2 2 i 1 1 1
20. UH-1B X 2 2 1 1 1 1
22.  UH-iB X 2 ? 1 } 1
24. UH-1B X 2 2 1 1 ! 1
8. CH47 2 2 1 1 1 ) '
14. CH47 2 2 1 1 1 1 .
37. CH4? 2 2 1 1 1 1 b
7. CH47 X 2 2 1 1 : 1 )
38. CH4? X 2 2 i 1 ! '
9. CH-54 ? 2 1 1 H 1
1. CH-s4 2 2 1 1 ' 1 .
10.  CH-54 X 2 1 1 1 -
12. CH-54 X 2 2 1 1 1 } -
31, TH-SS 2 2 1 1 1 1 3
32.  TH-$5 2 2 1 1 1 i
35.  TH-SS 2 2 1 1 1 1
36. TH-SS 2 2 | |} ) | .-
Key: 1= Ascents and descents (combined) *

2 = Level flyovers
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Table B4
UH-1H and CH47 Aircraft Under Normal and Maximum Loading—
Level Flyovess, Ascents and Descents (Combined)
a. SEL Values,dBA

t

oﬁ':u UH-IH UH-IH CH4? cH4?

[ (m) Normd Losding  Maxbmum Losding  Normal Losding  Maximum Losding
100 (30.5) 103.5 104.9 106.7 106 4
200 (61.0) 100.4 1017 103.6 103.3
300 ©91.4) 98.5 999 101.8 101.5
500 (152.4) 96.1 974 99.4 99.1
1000 (304.8) 926 94.9 96.1 9s.8
2000 (609.6) 88.8 90.2 92.5 92.2
3000 (914.4) 86.3 817 90.2 89.9
5000 (1524) 82.7 84.1 86.9 86.7
10000 (3048) 77.0 78.4 81.7 81.6
20000 (6096) 69.8 1M1 749 74.9
30000 (9144) 64.8 66.1 69.9 0.0
50000 (15240) $1.6 589 62.2 62.5
Data Points 130 143 108 72

Table B4 (Cont'd)
b. Set and Run Information

Opention -4
i3 8 g £ % ¢
BB EER
Set Model
1§. UH-1H 1 1 1 1 1 1
17. UH-1H H H 1 H 1
25. UH-1H 1 1 1 ]
33. UHAH ] 1 i ] 1 1
16. UH-1H X 2 2 2 2 2 2
18. UH-IH X 2 2 2 2 2 2
26. UH-1H X 2 2 2 2 2 2
34 UH-1 U4 X 2 2 : 2 2 2
R. CH4? 3 3 3 3 3 3
14. (CH47 3 3 3 3 3 3
37 CH47 3 ) 3 3 3 3
7. CH4? b 4 4 4 4 4 4 4
38, CH4? X 4 4 4 4 4 4

Key: 1 = UH-1H normal loading
2 = UH-1H maximum loading
3 3 CH47 normal loading
4 = CH47 maximum loading
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: Slant
! Distance
! ft (m)
: 100 (30.%)
200 61.0)
300 (91.4)
500 (152.4)
1000 (304.8)
2000 (609.6)
3000 914 4)
5000 (1524)
10000 (3048)
20000 (6096)
310000 (9144)
£0000 (15240)
Data Points

UH-1B

a. SEL Values.dBA

Normal Loeding

19.
21,
23
20.
22.
24,

1.
10.
12

Key:

100.6
978
95.6
931
896
85.6
83.0
7913
733
65.6
60.0
s1.7

108

Operstion

Model

UH-1B
UH-1B
UH-18
UH-1B
UH-1B
UH-IB
CH-54
CH-54
CH-54
CH-54

Table BS
UH-1B and CH-54 Aircraft Under Normal and Maximum Loading-
Level Flyovers, Ascents and Descents (Combined)

Maximum Loading

Table BS (Cont'd)

UH-18

100.5
974
Yss
931.0
K9S
85.6
83.1
794
735
659
60.3
$20

102

b. Set and Run Information

Msx Load

” o K

X
X

Level 360

[ R P S R N N

>

Levad 180

B W NN = - —

1 = UH-1B normal loading
2 = UH-1 B maximum loading
3 = CH-54 notmal loading
4 = CH-54 maximum loading

Ascent 360

B bW w RN e e

Descent 180

LN - W VAR VR N N N i

CH-54

Normal Loading

|
I
1

Descent 360

L R RV N R N i

06.3
029
00.8
97.9
938
89.3
864
823
75.9
68.1
626
54.6
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Ascent 180

AP S S S I

»

CH-54
Maximum Loading
105.6
1025
100.6
98.1
94 4
904
87.7
839
778
70.2
648
56.8

60
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Table B6
Al Aircraft, Ali Loadings—
Level Flyovers, Ascents and Descents (Combined)
a. SEL Values, dBA

Slant UH-IH
Distance Normal snd Maximum
fe tm) OH-$8 ANIG UH-IM Loading
100 (30.5) 97.1 1041 100.1 104.3
200 61.0) 939 1008 97.0 101.1
300 (91.4) 92.0 9K 8 951 99.1
500 (152.4) 894 96.2 926 96.8
1000 (304.8) 85.7 925 89.1 93.4
2000 1609.6) 81.5 88.4 85.1 89.5
3000 914.4) 78.¢ 856 £2.4 87.1
5000 (1524) 74.8 81.7 18.7 83.5
10000 (3048) 684 75.1 12.7 77.8
20000 (6096) 60.1 66.9 65.2 70.6
30000 (9144) 54.1 61.1 60.0 $5.5 3
$9000 (15240) 45.1 52.8 §2.3 58.3
Dats Points 135 138 144 73 3
;
L
Slant UH-1B CH47 CH-54 3
Ditance Normal and Maximum Normal and Maximum Norms) and Maximum 4
ft (m) Loading Loading Loading TH-SS ;
100 (30.9) 100.6 106.6 106.0 98.7
200 61.0) 974 103.5 102.7 95.4
300 (91.4) ys.s 101.6 1007 93.4
500 (152.4) 931 99.3 98.0 90.7 |
1000 (104 .8) £9.6 96.0 94.1 86.6 }
2000 (609.6) 85.6 924 89.8 81.8 3
3000 914.4) 830 90.1 87.0 78.5 |
5000 (1524) 794 86.8 83.1 74.0
16000 (J048) 734 81.6 76.9 67.0 |
20000 (6096) 65.7 749 69.2 $8.6
30000 (9144) 60.2 70.0 63.8 $2.7
$0000 (15240) 51.9 623 55.8 442
Data Points 210 180 132 143




Table B6 (Cont'd)

. b. Set and Run Information

Operation

Model

OH-58
OH-58
OH-58
OH-58
AH-1G
AH-IG
AH-IG
AH-1G
UH-1M
UH-IM
UH-IM
UH-1M
" UH-1H
UH-1H
UH-1H
UH-1H
UH-1H
UH-1H
UH-1H
UH-1H
UH-1B
UH-1B
UH-1B
UH-1B
UH-1B
UH-1B
CH-47
CH47
CH-417
CH-47
CH-47
CH-54
CH-54
CH-54
CH-54
TH-55
TH-55
TH-5S
TH-55

i = OH-58
2= AH-1G
3= UH-IM

Max Load

o ¥

oo R

Level 360

O bW W W WD R D e e e

RN N N - N R R R T N I N -

o0 00 00 Q0 =

Level 180

Db WL WL R B e

mmmmq\)qqmmma\mummmuma.aaaa

Ascent 360

mmmm-JQ\I\IO\G\O\O\O\MMMMMU\&&&&&&&AMMMWNNNN*"‘——

Descent 180

hhnwm & & bbb HEWLWWWLWRRRNDN ——

00 00 00 00 ~3 ~3 =~ FIOARNANANW

Descent 360

\l\:a\a\a\o\a«u-u-u-unu-u-h&&&h&h&wuuwmwwn——-——

coonooooxx\l\:\:asa\'o«c\axwu-u-uuuu-.:-&hha&a&wwuwwwu

Ascent 180

Q0 00 O0 OO =)

4 = UH-1H (normal and maximum londing)
§ = UH-I B (normal and maximum loading)
6 = CH-47 (norman! and maximum loading)
7 = CH-54 (normal and ninximum londing)
8 =°TH-58
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| Table B?
' Groups | Through 4 and All Aircraft—
Level Flyovers, Ascents and Descents (Combined)
8. SEL Values, dBA

Slant Group 2
Distance Group 1 AH-1G, UH-tH* Group 3 Group 4 Al
ft {(m) CH47° CH-54* UH-1M, UH-18*  OH-58, TH-55 Aircrsft
100 (30.5) 106.6 104.7 100.4 98.0 1034
200 (61.0) 1035 101.5 973 94.8 100.3
300 914 1016 995 954 925 98.4
500 (152.4) 9913 97.0 929 90.1 95.9
1000 (3V4.3) 96.0 934 894 86.2 923
2000 (609.6) 924 894 R8s 4 817 884
3000 (914 .4) 90.1 86 7 A28 18.6 859
5000 (1524) 86.8 3.0 791 744 823
10000 (3048) 81.6 770 731 67.7 76.6
20000 (6096) 749 69.5 65.5 59.4 69.4
30000 (9144) 70.0 64.3 60.1 534 64.3
50000 (15240) 623 56.8 52.0 44.6 56.7
Data Points 180 543 354 278 1355

*Normal und maximum loading.
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Table B7 (Cont'd)
b. Set and Run Information

Operation n o o 2 § § §

g 8 2 T = § §

é g g g g - S

Set Model

1. OH-S8 4 4 4 4 4 4
2. OH-S8 4 4 4 4 4
27. OH-58 4 4 4 4 4 4
28. OH-58 4 4 4 4 4 3
4. AH-1G 2 2 2 2 2
5. AH-1G 2 2 2 2 2 2
39, AH-IG 2 2 2 2 2 2
40. AH-1G 2 2 2 2 2 2
6. UH-IM 3 3 3 3 3 3
13, UH-IM 3 3 3 3 3 3
29. UH-IM 3 3 3 3 k} 3
30. UH-IM 3 3 3 3 3 3
15. UH-1H 2 2 2 2 2 2
17. UH-1H 2 2 2 2 2 2
25. UH-1H 2 2 2 2
33. UH-1H 2 2 2 2 2 2
16. UH-1H X 2 2 2 2 2 2
18. UH-1H X 2 2 2 2 2 2
26. UH-1H X 2 2 2 2 2 2
34, UH-1H X 2 2 2 2 2 2
19. UH-IB 3 3 3 3 3 3
21. UH-1B 3 3 3 3 3 3
23. UH-1B 3 3 3 3 3 3
20. UH-1B X 3 3 3 3 3 3
22, UH-1B X 3 3 3. 3 3
24. UH-1B X 3 3 3 3 3 3
8. CH47 1 i i 1 1 1
14. CH47 1 1 1 1 i 1
37. CH47 1 1 1 1 1 1
7. CH-47 X 1 1 1 1 1 1
38. CH47 X 1 ] | 1 1 i
9. CH-47 2 2 2 2 2 2
{1. CH-54 2 2 2 2 2 2
10. CH-54 X 2 2 2 2 2
12. CH-54 X 2 2 2 2 2 2
31.  TH-55 4 4 4 4 4 4
32, TI-S5 4 4 4 4 4 4
35. TH-55 4 4 4 4 4 4-
36. TH-55 4 4 4 4 4 4

Key: 1=Group 1 (CH-47 normal and maximum loading) -

2 = Group 2 (AH-1G, UH-1H normal and maximum
loading. and CH-54 normal and maximum loading)

3 = Group 3 (UH-1M, UH-1B normal and maximum
loading)

4 = Group 4 (OH-58 and TH-5§5)



Wind Direction Effects for All Alrcraft
Level Flyovers, Ascents and
a. SEL Values,dBA

Table BS

Descents (Combined)

Slant
Distanse .
ft (m) Head Wind Tail Wind
100 (30.5) 101.4 101.6
200 61.0) 98.2 98.5
300 91.4) 96.3 96.6
500 (1524) 93.9 94.1
1000 (304.8) 90.3 90.6
2000 (609.6) 86.4 86.7
3000 9144) 83.8 84.1
$000 - (1529) 80.3 80.6
10000 (3048) 74.8 749
20000 (6096) 68.0 67.8
30000 _(9144) 63.1 62.6
50000 (15240) 56.0 54.7
Data Points 137 107
Table B8 (Cont’d)
b. Set and Run Information
Operation T e e
T 2 8 ®
S :a 3 e 3
> >
i i § % z2
Set Model
1. OH-58 2 1 2
2, OH-58 2 1 2
28. OH-58 2 2
5. ARG 4 3 4
6. UH-IM 4 3 4
29, UH-IM k)
30. UH-1M i .
17. UH-1H 3 4
25. UH-IH 1
33. UH-tH X 4
16. Ul-1H X 1 2
18. UH-IH X 2
26. UH-IH X 3 4
23, UH-IB 4 3
24, UN-1B X 4
14, Cil-47 3 4 3 4
37, CH47 2 1 1
1. . CH-54 3 4
10, CH-54 X
12, CH-54 X 3 4
3, TH-SS 2 1 2 1
32, TH-55 2 i 2 1
35, CTH-8S 4 3 3
36. FH-55 ! 1

Key: | = Head wind
2 = Tail wind
3 = Port wind
4 = Starboand wind
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Port Wind

104.4
10L.Y

99.4
96.6
93.0
89.0
86.5
82.8
76.9
69.5
64.3
56.6
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Descent 360

NN

139 ]

[ ]

Ascent 180

(Normal and Maximum Loading)-

Starboard Wind

104.0
100.9
99.0
96.6
93.2
89.3
86.8
83.3
71.7
704
65.1
571
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‘l’able 89
Effects of Head and Tail Winds and Port and Starboard - ’
Winds for All Aircraft (Normal and Maximum Loadmgs)—
Level l-‘lyovm, Ascents and Descents (Combined) ' b
a. SEL Values, dBA ) , S

Siant ; Head and Port and
. Distance Tsail Winds Starboard Winds
ft (m) (Combined) (Combined)
100 (30.5) 101.4 1044
200 (61.0) 98.2 101.1
300 914) - 96.3 99.1
500 (152.4) 939 96.6
- 1000 (304.8) 90.3 93.0
2000 (609.6) 86.4 : 89.0
3000 (914.4) 83.8 86.5 -
$000 (1524) 80.3 82.8
10000 (3048) 74.8 76.9.
20000 (6096) 68.0 69.5
30000 (9144) 63.1 64.3
50000 (15240) 56.0 56.6
Data Points 137 114
T:ble 89 (Cont’d)
b. Set and Run Information
Openation )
i3 ¢ 3 2% g
- - - -
3 3 §8 § §
E 3 3 % 2 & i
Set  Model
1. OH-58 2 2 2
2. OH-58 2 2
5. AH-1G 1 1 1
6. UH-IM 1 1 1
29. UH-IM 1
30. UH-IM 2
17. UH-IH 1
2s. UH-1H 2 i
16. UH-1H X 2
26. UH-1H X 1 2
23, UH-1B 1
20. UHIB X 2
14. CH47 i 1 1
37. CH47 2 2 2
1. CHs54 1 2 ‘
12. CH-54 X 1 »
31, TH-SS 2 2 2
32. TH-SS 2 2 2
35. TH-55 1 1 2 1
36. TH-55 2

Key: 1 = llead and tail winds combined
1 = Port and starboard winds combined
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Table B10
Effects of Wind Velocity for Al Aiscraft (Normal and Maximum Loading)—
Level Flyovers, Ascents and Descents (Combined)
) a. SEL Values, dBA

1 e e o e

Slant
Distance | 0t S knots S t0 10 knots 10 to 15 knots 15 10 20 knats
1t (m) (Oto 154 m/sec) (154 to 309 m/sec) (309 to 463 m/sec) (463 10 617 m/sec)
T1i] (30.5; 103.8 0.2 103.2 1017
200 61.0) 100.6 LN 1000 94.5
3w [FARCY! 9N.7 982 9K .0 96.6
Sho (1s2 962 9s8.7 95§ 94.2
1 [RITR T 9206 922 91.9 905
2N (609.0) KR.7 RN 4 X119 86.6
RN 1914 4) 862 RS9 ®5.3 R4.0
5000 (1524) 8.7 823 81.7 80.2
10000 (3048) 771 76.6 5.8 74.0
20006 (£096) 700 69.§ 68.3 66.0
30000 (9144) 649 64.4 63.0 60.5
5000 (15240) 574 56.8 551 52.4
Data Points 578 472 278 30
;
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Set

27.
28.

39.
40.

13.
29.
3o.
15.
17,
25.

16.
18.
26.
34,
19.
21.
23
20.
22.
24.

14.
37.

38.

1.

12.
3l
32.
3s.
36.

Key:

Table B10 (Cont’d)
b. Set and Run Information

Qperation

Max Load
Level 360
Leve: 180
Ascent 360
Descent 180

Model

OH-58
OH-58
OH-58
OH-58
AE du
AH-1G
AH-1G
AH-IG
UH-IM
UH-IM
UH-IM
UH-1M
UH-1H
UH-1H
UH-1H
UH-IR
UH-1H
UH-1H
UH-1H
UH-1H
ul-ts
UH-i8
UH-18
UH-18
UH-1B
UH-1B
CH47
CH47
CH-47
CH47 X
CH-47 X
CH-54

CH-54

CH-54 X
CH-54 X
TH-55

TH-5S

1H-5S

TH-55

Y = = ) e b e B
— e RO RO L e e L W N )
[P O N

B S
- —— g . ———
1 e - b —

N = D ke b o e

o R
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1= 0105 knots (0 to 154 m/sec)

2= 51010 knots (154 to 309 m/sec)
3210 to 15 knots (309 to 463 mn/sec)
4=151020knots (461 10 617 m/sec)

56

—-——-e Descent 36C

) e D

NNNNN'JW—"-‘UNN——‘NN'-'—PJ.\J-——N—"FJN—'

Ascent 180

T AV E il VR

[ R NS N N R il & e

W e et S v U e =

NN W

:
;
3
4
i
1

ik

e

PRRTN

b




13
&
3
:
%
f Table B11
: Effects of Sideline and Beneath Microphones for All Aircraft
(Normal and Maximum Loading)—
! : Level Flyovers, Ascents and Descents (Combined)
i a. SEL Values, dBA
E Slant Sideline
' Distance and Beneath
ft m) Sideline Beneath {Combined)
100 (30.5) 102.8 103.3 103.0
. 200 61.0) 99§ 100.2 99.9 )
: 300 914) 97.5 98.3 978 ]
500 (152.4) 950 95.9 95.3 3
1000 (304 .8) 91.3 924 91.7 1
2000 (609.6) 87.3 88.6 978 1
3000 (914 .4) 84.7 86.1 85.2 ;
5000 (1524) 81.0 82.7 B1.6 3
. 10000 (3048) 75.0 71.2 75.9 1
20000 (6396) 67.6 70.3 68.7
30000 (9144) 625 65.4 63.7 1
50000 (15240) $5.0 $8.1 56.3 ;
: Daua Points 167 84 251
: 3
H
: Table B11 (Cont'd) !
: b. Set and Run Information i‘
R Operstion
| 3 g 3§ 2 % 2 ;
' t 1§ idd f
i i -3 i
. Set  Model i
i 1. OH-SH X X X i
. 2 OH-SH X X )
X 8. AH-IG X X X :
4 6. UH-IM X X X
E‘v 29.  UHIM X
f 30.  UHAM T ¢ ;
' 17.  UH-IH X ‘
2S.  UH-IH X X
16. UH-'H X X
6. UMIH X X X
3. UH.IB X
200 UHIB X X
14. CH4? X X X
37, CH4? X X X
1. CH-54 X X
12, CH-S4 X X
M. THESS X X X
32 THSS X X X
3S. TILSS X X X
36.  TH.SS X X

Key: X = Sideline and bencath mictophones both represented
1 = Sideline microphones
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Table 812
Landing Microphones and Level Flyovers—All Aiscraft
(Nommal and Maximum Loading)
2. SEL Values,dBA
Slant

Distance Mictophones Microphones  Microphone Level
ft (m) Jand $ 2and € 1 Flyover
100 (30.5) 107.3 112.1 1059 103.1
200 61.0) 104 .0 108.6 102.6 100.0
300 91 4) 102.0 106.4 100.6 98.1
son (1524 9y 4 103.5 98.0 956
104 Ju4 8) 95.6 99.2 94.2 92.0
2000 (609.6) 9l .4 947 90.2 ¥R.1
3000 Vid d) 88.7 91.4 87.6 856
5000 (1524) 85.0 87.8 839 82.0
10000 (3048) 79.0 81.3 78.1 76.3
20000 (6096} 71.6 73.8 706 69.1
30000 (9144, 66 .4 68.3 65.2 64.1
S0U0U (15240 £8.6 60.9 L AL 56.6
Data Points 74 74 L2 446
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Table B12 (Cont’'d)
b. Set and Run Information

Openntion 3

g

i

Level 360
Level 180

s et S S SO §T R

Set Mods
1. OH-58 4 4 123
2. OH-58 4 4 123
' 27. OH-58 4 4 123
! 28. OH.58 4 4 123
i 4.  AH-G 4 4 123
s.  AH-IG 4 4 123
39.  AH-IG 4 4 123
40. AH-IG 4 4 123
6. UH-IM 4 4
13. UH-IM 4 4 123
29. UH-IM 4 4 123
30. UH-IM 4 4 123
15. UH-IH 4 4 123
17. UH-1H 4 4 123
25. UH-1H 123
33. UH-1H 4 4 123
16, UHIH X 4 3 123
18. UHIH X 4 4 123
26. UH!H X 4 4 123
34, UHIH X 4 4 123
19. UH-1B 4 4 123 !
21. UH-1B 4 4 123
23. UH-B 4 4 123 j
20. UH-1B X 4 4 123 !
22. UH-IB X 4 4 123
24.  UH-B X 4 4 123 1
8. CH47 4 4 123 a
14. CH47 4 4 i23 i
37. CH47 4 4 123 !
7. CH47 X 4 4 123 !
3. CH47 X 4 4 123 i
9. CH-54 4 4 123 %
11. CH-54 4 4 123 i
10. CH-54 X 4 i
12. CH-S4 X 4 4 123
31.  TH-SS 4 4 123 j
32.  TH-SS 4 4 123 1
35, TH-SS 4 4 123 i
36. TH-$S 4 4 123 :

Key: | = Microphones 3 and §
2 = Microphones 2 and 6
3 = Mictophone 1
4 = Level flyovers
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i Table 813 e 213 (Cont'd)

Landings and Level Flyovers-- All Aircraft .. a.4 Run Information
(Normat and Maximum Loading)
8. SEL Vslues, dBA Qp-iction e o
1 3 8 »
Stant -] g g 3
Distance Level z
ft (m) Landings Flyovers
_ Set  Moc-)
100 (30.5) 109.8 103.1
200 (61.0) 106.3 100.0 1. OH-58 2 2 1
300 (91.4) 104.2 98.1 2. OH-s8 2 2 1
i 500 (1524) 101.4 95.6 27.  OH-s8 2 2 1
i 1000 (304.8) 973 92.0 28.  OH-s8 2 2 !
: 2000 1609.6) 93.1 88.1 4. AHIG 2 z 1
3000 (914.4) 90.4 856 5.  AH-IG 2 2 1
5000 (1524) 86.6 82.9 319.  AHIG 2 2 1
10000 (3048) 80.5 76.3 40.  AHAIG 2 2 1
20000 (6096) 711 69.) 6. UH-IM 2 2
30000 (9144) 67.9 64.1 13.  UH-IM 2 2 1
50000 (15240) 60.2 56.6 29. UH-IM 2 2 1
Data Points 222 446 :1“5’ B:::‘: § g :
17.  UH-IH 2 2 [
25. UH-IH !
33, UH-IK 2 2 )
16. UHIH X 2 ] |
18. UHIH X 2 2 i
2. UHIH X 2 2 1
34. UHIH X 2 2 1
19. UH-IB 2 p) 1
2. UH-IB 2 2 1
23. UH-IB 2 2 1
20 UHIB X 2 2 1
22. UHIB X 2 2 ]
4. UHIB X 2 2 1
8. CH47 2 2 1 v
14. CH4? 2 2 1 :
37. CH#4? 2 2 1
7. CH#? X 2 2 |
38. Cli4? X 2 2 !
9. CHS4 2 2 1
11. CH-54 2 2 1
10. CH-54 X 2
12. CH-%4 X 2 2 1
31.  TH-SS 2 2 1
32, TH-SS 2 2 1
35.  TH-SS 2 2 1
36. TH-$S 2 2 1

Key: 1 = Landings
. 1 © Level flyovers
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Table Bl14 Table 814 (Cont'd)
Takeofl Microphones and Level Flyovers—All Aircraft b. Set and Run Information
(Normal and Maximum Loading)
- i 13 ]
Distance Microphone Microphones Level L
ft (m) 4 Iand s Flyovex
Set Model
100 (30.5) 1134 102.6 103.1
200 61.0) 1104 99.4 100.0 1. OHS8 3 3 12
300 91.4) 1082 97.4 98.1 2. OH-s8 3 3 12
500 (152.4) 108.6 94.9 95.6 27. OH-58 3 3 1? ;
1000 (304.8) 101.9 91.1 92.0 28. OH-58 3 3 12 ]
i 2000 (60%.6) 98.0 87.0 88.1 4. ARG 3 3 12
i 3000 (914.4) 954 843 856 5. AH-IG I 3 12 i
5000 (1524) 98 80.5 82.0 39. AHIG 33 ;
10000 (3048) 86.1 74.4 76.3 40. AHIG 3 3 12
20000 (6096) 189 66.7 69.1 6. UH-IM 33 4
30000 (9144) 737 61.4 64.1 13. UH-IM 3 3 12 ;
50000 (15240) 658 536 56.6 29. UH-IM 3 3 12 :
30. UHIM 3 3 12 3
) Datwa Points 37 74 446 1S. UH-IH 3 3 12 K
! 17. URH 33 n
’ 25. UH-IH 12
33.  UH-IH 3 3 12 '
16. UHIH %X 3 3 12 i
18. UHIH X 3 3 12 !
2. UHIH X 3 3 12 ]
34, UHIH X 3 3 12
9. UH-1B 3 3 12 }
21. UH-IB 3 3 12 |
23. UH-1B 3 3 12 .
20, UHIB X 3 3 12 i
22, UHIB X 3 3 12
24. UHAB X 3 3 12 1
8. CH4?7 33 12 Z
14, CH47 3103 n ]
37. CH4? 3 3 12 i
7. CH4?7 X 3 3 12 :
3. CH47 Xx 3 3 12 !
9. CHsS4 33 12 !
11. CH-S4 3 3 12 ;
10. CH-54 X 3 !
12. CH-54 X 3 3 12 :
: 31.  TH-SS 3 3 12
‘ 32. THSS 3 3 12 i
3.  TH-55 33 12
36. TH-5$ 33 12
Key: 1 = Micrcphone 4
2 = Mictophones 3 and §
3 a Level flyovers
1




VO Y J‘

[PV TR

APPENDIX C:
Leq PLOTS FOR STATIC OPERATIONS

‘; This appendix provides directivity patterns by air- the nose {0 degrees). At the lower portion of each figure,

: craft model foringround (solid lines) and out-of-ground A-weighted L, values are presented in clockwise order !
(dashed lines) effect hovers (Figures C'1 through C8). for in-ground (1G) and out-of-ground (OG) effect hovers ;
Helicopters were piloted to face the wind at all times beginning at O degrees.

and the arrow at the top of each polar plot represents

83/12/77
1

SETS: - 1. 27
1G: IR 86 78.5 K14 79.7 86 K3 821 K3.0 843 79.0 8.0
0G: 81.0 823 842 84.8 836 831 #3.0 829 8S.S K17 K57 Xl4

Figure Ci. Directivity pattern for OH-38.
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SETS:
1G:
0G:

#3/12/77
2

«“’a“i"e’

88.8 89.2 87.2 86.6 84.8 87.3 B8.3 89.9 894 89.5 88.1 884
85.8 87.3 90.4 88.2 89.8 91.0 86.5 84.6 843 87.7 873 839

A and

Figure C2. Directivity pattesn for AH-1G.
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SETS fu 20 M| AN 23 2 -
[I¥S 543 8149 a3l R K0 " EEX an.7 K81 ¥7.0 K6 .6 K31 E~
OG- %3.2 %3 .0 K60 NT 91N 934 %Y. 929 94 % R7.6 K72 HS 7

Figure C3. Directivity pattern for Lit-1B.
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SETS: 1S 16 17 18 25 26 33
1G: K60 834 &40 #314 LI 91.3 a] < 922 801 87.2 87.3 859
0G: %6.5 KS.3 Ky.2 LRV 909 96.3 934 96. 1| 931 87.9 KK () K62

Figure C4. Direcuwily pattern foi UH-TH (normal and maximum loading).




SETS:

89/12/77
5 -

6 13 29 30 3
853 85.5 84.1 834 85.5 86.1 87.6 88.6 87.3 86.3
843 86.9 88.3 1.1 91.1 90.0 91.3 93.4 91.2 90.2

Figure CS. Directivity pattern for UH-IM (normal and maximum loading).
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SETS: 7 8 14 37 38
1G: 918 91.8 92.8 89.5 90.0 88.3 85.1 89.3 89.5 38.4 89.5 914
OG: 90.2 924 96.0 94 .4 91.2 89.7 92.1 89.3 90.4 89.5 899 950.2

Figure C6. Directivity pattern for CH-47 (normal and maximum loading).




SETS:
1G:
0G:

@9/12/77

9 11 12
88.8 91.6 92.1 90.1 92.0 92.8 '90.8 89.1 88,6 896 927 883
93.6 93.2 92.2 913 91.5 90.5 93.1 939 945 95.5 95.1 94.0

Figure C7. Directivity pattern for CH-54 (normal and maximum loading).
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