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FOREWORD

This study was performed for the Directorate of Military Programs, Office of the Chief
of Engineers (OCE) under Project 4A762720A396, “Environmental Quality Technclogy™:
Technical Area A, “Installation Environmental Mayagement Strategies”: Work Unit 011,
*“Integrated Installation Noise Contour System.” The OCE Techiiical Monitor was Gordon

Valesco, DAEN-MYE-L.

This investigation was performed by the Environmental Division (EN), U.S. Ammy
Construction Engineering Research Laboratory (EN). Dr. R. K. Jain is Chief of EN.

COL L. J. Circeo is Commander and Director of CERL, and Dr., L. R. Shaffer is
Technical Director.
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OPERATIONAL NOISE DATA FOR UH-B80A
AND CH-47C ARMY HELICOPTERS

1 INTRODUCTION

Background

In recent years, residential development has occurred
near military and civilian airfields—areas subject to high
noise levels from aircraft and airfield operations. To
control this development, the US. Army has instituted
the Installation Compatibie Use Noise Zone Program
(ICUZ).! Like the Department of Defense's (DOD)
Construction Criteria Manual and Air Installation Com-
patible Use Zone program (AICUZ), the ICUZ program
defines land uses compatible with various noise levels
and establishes a policy for achieving such uses.? Each
document describes three noise zones which restrict
land use in varying degrees to ensure compatibility
with military operations. The ICUZ program stresses
Army-unique noise sources such as blasts (e.g., artillery,
armor, demolition) and rotary-wing aircraft.

Noise zone maps for the lCUZ program are developed
by the Army Environimental Hygiene Agency (AEHA)
using U.S. Army Construction Engineering Research
Laboratory's (CERL's) integrated noise contour system
(INCS). This system can produce joint noise zone maps
for blast noise and fixed- and rotary-wing aircraft opera-
tions. Noise zone maps are produced using the CERL.
developed BNOISE-3.2 computerized prediction pro-
cedure; helicopter noise zone maps are developed using
a CERL-modifird Air Force NOISEMAP Computer
Prediction Program.® Each of these computerized pre-
diction procedures relies on three separate data sources:
(1) source emissions data, (2) data detailing sound

14pstallation Compatible Noise Use Zones™ (Department
of the Army, Office ~f the Adjutant Geneszl, 20 May 1981).

2Construction Criteria Manual, DOD 4270.1-M (Depart-
ment of Defense, 1972); Air Installations Compatible Use
Zonys, DOD Instruction 4165-57 (Department of Defense,
1973).

SLincoln L .little, Violetta I. Pawlowska, and David L.
Effland, Blast Noise Prediction Volume II: BNOISE 3.2
Computer Program Description end Program Listing, Technical
Report N-98/ADA099335 (U.S. Army Construction Engineer-
ing Rcsearch Laboratory [CERL), 1981); R. D. Horonjeff,
R. R. Kandukuri, and N. H. Reddingius, Community Noise
Exposure Resulting From Aircraft Operation: Computer Pro-
gram Description, Air For:e Report AMRL TR-73-109/
ADAQO482] (1974).
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propegation from s irce to receiver, and (3) data defin-
ing the human and community response to the received
noise.

Previous CERL rescarch hus addressed. to some
degree, these sets of datu for rotary-wing aircraft and
for blast noise predictiun. In particular, CERL Tech-
nical Report N-38 defines the noise emission charac-
terittics for rotary-wing aircraft operating in the Army
fleet during the late 1970s.* Since then, the new UH-
60A and CH-47C helicopters have been introduced:
their emissions data are required by the Army for ICUZ
and for environmental assessment.

Objective

The objectives of this study were: (1) to develop
sound exposure level (SEL) versus distance curves for
the new Army aircraft, (2) to investigate the variation
of SEL with aircraft speeu, and (3) to confirm the
validity of the measurement procedures.

Approach

To accomplish these objectives, the basic approach
was to use as much as possible the microphone types
and layout, recording method, and analysis procedures
employed in April 1974 at Fort Rucker.® Chapter 2
details the collection of data and specifically highlights
changes from the 1974 procedures; Chapter 3 describes
the data analysis.

To help confirm the validity of the measurement
orocedures, data were also gathered on the UH-1H at
Fort Campbell for comparison with the 1974 measure-
ments for this aircraft at Fort Rucker. Similar results
from the twostudies would show that the measurement
procedures were independent of site, or that the opera-
tional/pilot technique or other factors had not changed
in the 6 years between the two measurement periods.
Chapter 4 discusses this comparison and presents the
basic results.

Mode of Technology Transter

Data developed for helicopter SEL versus distance
or speed will be entered in the INCS input data base
and wiii be immediately available for use by AEHA and
other DOD installations.

“B. Homans, L. Little, and P. Schomer, Rotary Wing Air-
craft Operational Noise Data. Technical Report N-38/ADA
051999 (CERL, 1978).

$B. Homans, L. Little, and P. Sc.' :oer, Kotary Wing Air
craft Operational Noise Duta, ‘Technical Report N=IR/ADA
051999 (CERL, 1978).
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2 COLLECTION OF DATA

Helloopter Operstions

At Fort Rucker, one set of data was based on the
dynamic operations listed in Table 1. Forty helicopters
took part in that study; each airvraft flew the series of
operations twice: once with the pilot and once with
the co-pilot. Table 2 lists the aircraft types and ~ondi-
tions employed. The Fort Rucker study indicated that
fevel flyover data and landing data adequately charac-
terized the noise emissions of all othar dynamic opera-
tions. Therefore, (he study at Fort Campbell concen-
trated only on level flyovers and landings.

At Fort Rucker, cargo and utility aircraft were flown
lightly loaded and fully loaded. At Fort Campbell, this
condition vai:d with aircraft type. The UH-1H and
CH-47C were flown lightly loaded only. Table 3 liss
the operations performed by these helicopters. The
aircraft began by flying level flyovers with headings of
either 100 degrees or 280 degrees at 300 it above
ground level (AGL). In the middle of the est, they per-
formed two hover operations, and then resumed level
flyovers, but this time at an altitude of 1000 ft AGL.
Two aircraft of each type were used, each with a dif-
ferent pilot. The aircraft performed the 300-ft-AGL
operations, the landing, the two hovers, and as many of
the 1000-ft-AGL operations as they could before re-
tumning to base for fuel. The operations and procedures
(as well as the measurement equipment described below)
were designed to investigate the change in SEL with
speed and distance, and to establish noise emissions
data for the CH-47C and the UH-60A.

The tests with the UH-60A were different in that
the aircraft was flown both lightly loaded and more
fully loaded. To load the UH-60A, its sling was used
to carry a full S00-gal water buffalo. Two UH-60A
aircraft performed only operations 1 through 17 from
Table 3—once lightly loaded and once heavily loaded.
The UH-60A aircraft were not flown at 1000 ft AGL.

The level flyovers at Fort Campbell were flown sim-
ilarly to those at Fort Rucker. The pilots were instruct-
ed to maintain straight, level, steady flight for at least
1.5 nautical miles before and after each dynamic opera-
tion. All teardrop turns, other ancillary maneuvers, and
preparations for the actual dynamic operation were
performed beyond 1.5 nautical miles. Flying this dis-
tance allowed the pilot to stabilize the aircraft and pro-
vided enough time for 10 ¢B down-sound-level points
to be recorded on magnetic tape when the operation

10

was ilown at 300 ft AGL. Figure 1 illustrates the level
flyover flight path. Operation 15, a normal landing
(Figure 2), began at 300 ft AGL on a ground track of
280 degrees. The aircraft landed 800 ft west of the east
end of the microphone array (Figure 3).

Static operations consisted of in-ground and out.of-
ground effect hovers. These measurements were per-
formed largely over a grassy surfaced area (Figure 4).
In-ground effect hovers were performed with the air-
craft at a stabilized position between 0 and 5 ft 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 1 rotor
diameter.

The pilots recorded in logs information about each
operation flown. Typical entries from a pilot's log are
shown in Appendix A.

Microphone Placement

A basic array of six microphones was used at Forts
Rucker and Campbell (Figure 3), (Four additional side-
line microphones were located at Fort Ca:npbell for a
future anslysis of helicopter sound exposure level atten-
uation with distance [Figure 5].)

Hover measurements were performed at point H on
Figure 4. The hover measurement positions f« rmed a
400-ft-radius curve around the hover position. Measure-
ments were made at eight equally spaced points on the
hover circle. Three points were part of the six-micro-
phone array, and five points were special manned sta-
tions used only during the hover operation.

Maasurement Instrumentation

As at Fort Rucker, the main acoustic instrumentation
at Fort Campbell consisted of six B&K 4149 %-in.
quartz-coated microphones. Newer B&K 4921 outdoor
microphone systems with silk windscreens were used in
place of the older B&K 141 field amplifiers used at
Fort Rucker. The six microphones were wired to an
equipment van. As at Fort Rucker, each microphone
signal was received, amplified by a Neff 119 DC ampli-
fier, split, and recorded on a l4-channel FM tape
recorder. At Fort Campbell, Ampex PR 2200 recorders
were used in place of the older FR 1300 recorders.
Rather than split the signal at 707 Hr as was done at
Fort Rucker (a procedure which gaired no more than
6 dB in dynamic range of the high frequencies), it was
decided to split the recording into a high gain und low
gain channel to increase the dynamic range.
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Time synchronization was handled by a Systron
Donner 8350 time code generator which occupied one
tape recorder chunnel. The remaining Jdata channel on
the Ampex recorder was used for wind speed and wind
direction information.

The recordings for hover measurements were made
simultaneously by using three of the six permanent
microphones «nd five identical portable systems manned
by five individuals. Each of the portable systems con-
sisted of a B&K 4145 l.in. condenser microphone
powered by a B&K 2209 sound level meter. These sys-
tems recorded from the AC output of the sound level
meter onto a Nagra DJ full-track portable scientific
tape recorder which was set to run at 7-% ips. In a
departure from the Fort Rucker procedures, no record-
ings at Fort Campbell were made at the 1.5 ips speed.

Ground Tracking System

The tracking system used at Fort Campbell was very
similar to that at Fort Rucker. Two cameras and a the-
odolite (Figure 3) marked the position of an aircraft
flying over the middle of the microphone array. Camera
1 was placed 500 ft south of microphone array, and
camera 2 was placed at the east end of the runway next
to microphone 4. Stator poles in front of the camera
positions were marked with uniform graduations. By
examining photographs from both cameras, one could
ascertain position information in three dimensions at
the moment the pictures for the 300-ft-AGL test were
taken. For the 1000-ft-AGL operations, only camera 2
was used. Two additional stator poles were used to de-
termine the lateral deviation of the aircraft (north or
south) from the desired flight line. Pictures were taken
remotely by an operator who could see when the air-
craft were precisely over the east-west middle of the
measurement array. The helicopters’ altimeters guaran-
teed that the aircraft were close enough to 100U fi
AGL for this study.

A bus system connected the cameras with the van
and the theodolite. When a picture was taken from
either camera, both cameras were fired and wind direc-
tion information on the Ampex 14 track tape recorder
was interrupted momentarily. A push button activator
at the theodolite interrupted wind speed information
on the Ampex recorder and sounded a bell at the test
control center. Photographs were taken when the air-
craft was over the center of the microphone array.
except during landings. In this case, photographs were
taken when the aircraft reached the east end of the
landing lane.

Calibration
At the beginning of each reel of 14-track tape, the
1000-Hz electrostatic actuator built into the 4921

11

microphone systems was used to set a known level on
the tape. The electrostatic actuators were tested with
B&K 4220, 124.dB pistonphones before and after the
enti measurement program. (Calibration of the elec-
trostutic actuator with the B&K 4220 alluws une to
establish an absolute K factor for each actuator.)

The instrumentation for the hover tipeiation ineasure-
ments was calibrated using B&K 4220 pistonphones.
The calibration tone was recorded on the Nagra
recorders.

3 DATA REDUCTION AND ANALYSIS

Raw Data

Each reel of tape from the l4.track Ampex PR-
2200 tape recorder contained 12 channels of acoustical
data; one channel of tim¢ code information; one chan-
nel onto which wind speed, wind direction. and signals
from the cameras and theodolite were recorded; and
one edge track onto which voice information was placed.

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 »5d the other sent through a
14 to 24 dB amplifier aud recorded on another channel.

he object was to increase the recorded dynamic range.

Time code information was supplied by a Systron
Donner model 8350 time code generator. Day of the
year, hours, minutes, and seconds were recordad on
one channel of the Ampex recorder in digital rormat.

The remaining data channel contained the outputs
of two voltage-controlled oscillators. These units were
set up to form a discrete frequency band for each. The
voltage-controlled oscillaters were driven by an R. M.
Young wind speed and direction measurement appara-
tus. Thus, this tape channel could be rcad by a spectrum
analyzer, and wind speed and direction components
determined. The edge track cont-ined a vocal running
diary of vvents.

Each helicopter run was photographed when the
aircraft passed over the center of the landing lane. For
300-ft-AGL runs. two cameras, 90 degrees apart.
focused on a point above the center of the runway
where it was anticipated that the helicopter would fly.
In the foreground of each photograph was a stator rod
marked with uniform divisions. Waen the helicopter

Lo L el L S o

S

e Ui it




T

R

T

passed over the appropriatc spot, an operator triggered
one of the cameras. A wire bus system triggered the
other camera, and at the same time momentaily ir
terrupted the wind direction signal, as described in
Chapter 2. Each photograph carried information about
latitude and side-to-side variation. The time at which
the photographs wers shot was noted on the analog
recording,

In addition, a written record was kept by the the-
odolite operator. Since the thecdolite was fixed in place
rfor each run, the operator could record the relative
altitude of the helicopter in the fleid of view when the
cameras were fired (and u Sonalert near the theodolite
sounded). The theodolite was only used to check
results from the cameras.

Reduction of Dynamic Operation Data

A Nova 1200 minicomputer sampled the spectrum
analyzer every 0.5 sec, summed the spectra into one-
third octaves, and stored the co.tents on disks. Since
each microphone signal was split while recording (one
high-gain and one low-gain channel), four passes were
performed for each of the six microphones. (The
spectrum analyzer requires a high- and low-frequency
pass tc properly constitute one-third octave bands over
the total range.)

The procedure for the analysis system was as follows.
When a helicopter was first detected, the tape and anal-
ysis equipment were started. The first two passes were
made ©n the high-gain channel for high and low fre-
quencies. Some overloading of the spectrum analyzer
was expected, and these portions were flagged by the
minicomputer. For record-keeping purposes, the mini-
computer was used interactively; that is, information
was requested from the operator before and after each
pass.

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
a second set of passes. For these two low-gain passes,
the analysis was started at the same time on tape by
using the time code channel to insure synchronization
between the passes. The two sets of passes were meshed
by incorporating data from the second low-gain pass
whenever the high-gain pass was overloaded. The results
were fitted together to form the ,.¢; spectrum per 0.5
sec for each microphore.

Reduction of data from the two cameras was han-
dled differently. The graduated stator rod in the fore-

12

ground of each photograph allowed calculation of
altitude and lateral variation over the center of the
landing lane because the camera angle, distance to the
stator rod, and distance between graduations on the
stator rod were known. Corrections were made for aber-
rations 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 en-
coded into the minicomputer for further calculation and
analysis. Given th+ information supplied by the two
pictures, algoritnms were written that located the
helicopier in three dimensions at the time both cameras
were fired. The slant distance to each of the six micro-
phones in the array was calculated based on the position
of the helicopter in space and its forward speed.

The problem of different types of noise being pres-
ent is inherent in any analysis procedure. However,
noise from different sources only becomes significant
when it approaches the signal level. In this study, three
methods were used to determine the combined noise
level.

For the first reading—ambient noise—a recording
was made immediately after the helicopter left the area
following a set of passes. This reading reflected ambient
sounds (such as wind, vehicles, birds, and other en-
vironmental sounds) that occurred during the tests.

Electrical noise—the noise of the system that is
constant at different gain settiugs—was measured by
attacl ing a dummy microphone to the input amplifier
at one of the stations and measuring the resultant level
on playback from tape.

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

These three readings were summed to calculate a
composite noise level (CNL) by one-third octaves for
each gain setting used. The correct CNL was 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. For all noise
readings taken, gain settings throughout the system were
held the same as they were when the helicopter deta
were recorded.

Data Analysis
In addition to the reduction of dynamic operation
data into one-third octave spectra for each 0.5 sec of
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recording, the SEL of each flyover was directly mea-
sured in the field using the CERL-developed True inte-
grating Noise Monitor and SEL Meter. The 0.5-sec
spectra and the overall fiel f-measured SEL were com-
bined to produce A-weighted SEL versus distance
relations.

These relations were developed in four steps. First,
the A-weighted SEL for the microphone flyover was
cntered. Essentially, this calculation involved forming
the integrai of the A-weighted pressure squared reccived
by the microphone. The CERL monitor performed this
operation automatically. Second, the 0.5-sec time
interval having the maximum A-weighted value was de-
termined, and the entire one-third octave spectrum for
that 0.5-sec interval was recorded. Third, from the posi-
tional information on the photographs, the closest
approach of aircraft to microphone for each individual
flyover recording at each microphone was determined
and synchronized to the magnetic tape recording.
Finally, the maximum spectrum and distance of closest
approach were used to convert the raw field-measured
SEL (A-weighted) to an equivalent SEL for a day with
a standard temperature of 59°F and relative humidity
of 70 percent.

During this final step, A-weighted SEL versus dis-
tance relations were established. The data used were
the SEL at the microphone corrected to the standard
day conditions, the distance of closest approach from
aircraft to microphone, and the maximum one-third
octave spectra during the 0.5 sec having the maximum
A-weighted reading. Distance causes three factors to
vary: air absorption (the one-third octave spectrum was
used to determine the effect of air absorption), the 1/
r* amplitude change of a point acoustical source, and
the apparent durational chaige of a source moving in a
straight line at constant speed. Appendix A of CERL
Technical Report N-38 contains a detailed 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 correc-
tions and effective perceived noise level (EPNdB) as
well as A-weighted levels. The Joint Services (in con-
junction with DOD) subsequently agreed to eliminate
EPNdB and replace it with A-weighted levels, and to

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 (Bolt, Beranek, and Newman, 1975).

i gl w:‘,“ﬁ‘u—_w e

13

eliminate the tone corrections. Additionally, it was
found that the concept of tone correction did not apply
to helicopters since the primary noise source over most
of a flyby is the rotor rather than the engines.

Analysis of the hover data was quite simple. 1t should
be recalled that a 30-sec recording was made at 45-
degree increments around the hovering helicopter at a
distance of 400 ft from the center of the aircraft. Anal-
ysis consisted of direct incasurement of the equivalent
A-weighted levels (Log) for each recording. This Leg
measurement was performed using the CERL True
Integrating Noise Monitor and SEL Meter (which
employs a true integrating detector).

4 RESULTS AND DISCUSSION

This chapter explains the results of the operational
measurements performed at Fort Campbell on the UH-
60A, CH-47C, and UH-1H. SEL versus distance data
are discussed, variations in SEL with aircraft speed are
examined, and Fort Campbell data are cornpared with
the earlier results at Fort Rucker.

In analyzing the data, it was found that for dynamic
operations microphone 5 consistently measured higher
than the other five primary microphones. This system-
atic bias was about 5 dB or more. After intensive
investigation, equipment malfunction or data analysis
errors were eliminated as possible sources for the sys-
tematic variation.

Site-specific terrain features offered a potential
explanation for the higher measurements at this posi-
tion. Microphone S was placed near the bottom of a
wash (drainage depression) and thus may have experi-
enced effects of sound focusing. In other words, micro-
phone 5 may have been near the center of a ground
surface having a somewhat parabolic shape. If so, when
a helicopter flew over, the ground surface would have
acted as a reflector focusing the helicopter sound near
the microphone.

However, the hover data, which include microphone
5, do not show the microphone to be any louder. This
may have resulted from the height of the aircraft. If
the terrain did reflect noise, the source had to be high
enough to radiate into the reflector, which should have
focused less on landings than on level flyovers. Exam-
ination of the data reveals exactly this trend. Micro-
phone 5 was high by 5 dB or more on level flyovers
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(when the aircraft was 300 to 1000 ft AGL), and by
about 3 dB on landings (when it was nerhaps 50 to
100 ft AGL). On hovers, microphone 5 was not higher
than the others.

‘The data show that the helicopter is a very direc-
tional source which can be loosely thought of as a
dipole with respect to sideline microphunes. The spac-
ing of the dipol= appears to be approxiinately the rotor
diameter. Figures 6 and 7 illustrate the diredtivity effects
of an ideal dipole for level flyovers at 300 ft AGL and
1000 ft AGL. The reader must note that Figures 6 and
7 apply only when the sircraft is at the point of closest
appreach to the microphone. The radiation directivity
pattern of the helicopter in three dimensions can be
more nearly thought of as a portion of a donut (radia-
tion is also reduced from the trailing portion of the
donut).

Because of this directivity, a helicopter passing
directly overhead sounds the loudest when it forms an
angle of perhaps 45 degrees between the observer and
the helicopter, and has not yet reached the observer.
By the time the helicopter passes over and is leaving
the area, it is already much quieter because of the direc-
tivity effects. Similar helicopter forward motion effects
ar¢ observed at the sideline microphones, but these are
also very sensitive to helicopter altitude, as is shown in
Figures 6 and 7.

The data indicate that the complicated partial donui
directivity pattern of the helicopter producss the follow-
ing effects. The microphones directly underneath the
aircraft (microphones 1 and 4) consistently measure
lower levels than the sideline microphones. At 300 ft
AGL, the 200 sideline microphones measure higher
levels than do the 400-ft sideline microphones. However,
because of the directiviiy pattem (Figure 7) when the
aircraft is at 1000 ft AGL, the 400-ft sideline micro-
phones measure as great or greater levels than do the
200-ft microphones underneath the aircraft.

To develop average sound exposure level versus dis-
tance or speed relations, the data for microphone 5 were
eliminated because they were consistently high. In addi-
tion, the data from the other five microphones were
not simply averaged. More complicated calculations
were done because microphones 1 and 4 could system-
atically bias the data by 0.1 or 0.2 dB. Since these
microphones always measured lower than the sideline
microphones because of the directivity of the source,
the data were combined by applying a 4/3 multiplier to

e Tedr e S S L
RRE B X YT O N N S

the data for microphones 2, 3, and 6, and a multiplier
of 1 to the data for microphones 1 and 4,

Sound Exposure Level Varsus Distance

Figure 8 illustrates the developed SEL versus distance
for level flvovers at a speed of 100 knots (300 ft AGL)
for the UH-50A. Figure 8 also contains the SEL varsus
distance curve developed for the UH-60A landings. (For
the heavily loaded “landing,’ the UH-60A actually
brought the sling-loaded water buffalo.in to the lancling
point and hovered with the buffalo resting or he
ground.) As with the 1974 Fort Rucker data, the heav-
ily loaded aircraft is about 2 dB louder than the lightly
loaded aircraft, and the landing creates substantially
more noise than a level flyover.

Figure 9 illustrates the SEL versus distance data
developed for the CH-47C for level flyovers at a speed
of 100 knots. Two curves are for data gathered at 300
ft and 1000 ft AGL; the third is for data on CH-47C
landing noise, which is subctantially greater than for
level flyover.

Hover Data

Table 4 lists the in- and out-of-ground effect hover
data (Loq) taken at the eight measurement positions for
the various aircraft Raw data are in Appendix B.

CERL Technical Report N-38 included genevalized
hover contours and a table of parameters to be used
for individ.al aircraft. The data gathered at Fort Camp-
bell have been combined with the original data from
Fort Rucker to form a revised set of generalized hover
contours and individual aircraft parameters. Table $
lists the amounts by which these generalized hover con-
tours depart from a purely omnidirectional source.
Table 6 contains the energy average hover emission
value produced by each aircraft, if treated as an omni-
directional source. Together, these tables yield a gener-
alized hover emissions pattern scaled to each aircraft.
To form these composites, the 400-ft data for Fort
Campbell were converted to 200 ft for the UH-60A
and UH-1H, and to 300 ft for the CH-47C using a
factor of 7 dB attenuation for doubling of distance.
(The discrepancy between the measured UH-1H data
at Forts Campbell and Rucker is discussed on p. 15.)

Variation of Sound Exposure Level With Speed

Figure 10 illustrates the measured variation of SEL
with speed for the CH-47C at a slant distance of 500
ft. The data are shown separately for the 300-ft and
1000-ft-AGL flyovers. Figure 11 presents the same type
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of data for the UH-1H. Figure 12 illustrates the varia-
tion of sound exposure level with speed for the UH-
60A—again at a slant distance of 500 ft. In this case,
the data are presented for heavily and lightly loaded
alrcraft rather than for 300-ft- and 1000-ft-AGL
flyovers. The data in Figures 10 through 12 are largely
independent of aircraft altitude, slant distance, or load.
Thus, composite curves can be constructed. Figure 13
illustrates the composite variation of SEL with distance
for the three aircraft studied. Figure 13 is a generalized
curve normalized to O dB at a speed of 100 knots.

Direct measurement of SEL versus aircraft speed
is one way to determine the speed relation. Another
approach is to measure the variation of the %-sec
maximum with speed. The variation should be
equal to that of the }4-sec maximum minus 10 log (air-
craft speed). Figures 14, 15, and 16 present data for
the %-sec maximum Leq of the aircraft operations and
slant distances shown in Figures 10, 11, and 12. Again,
the data and curves are largely independent of aircraft
height or ljad. Figure 17 illustrates the compaosite
curves for the three aircraft; these curves were developed
using maximum Leq plus the theoretical variation of
flyover duration with speed.

To compare the variation with speed of SEL and
maximum %-sec Leg, the quantity 10 log (velocity/
100) was added to the curves of Figures 12, 14, and 15
to form Figures 18, 19, 20, and 21. The cata in Figure
21 were then compared with those in Figure 17 by plot-
ting the difference (Figure 22). Table 7 lists the data in
Figures 17, 21, and 22. The differences are small, show-
ing that the variation of SEL with speed can be approx-
imated by the variation of Leg with speed minus 10
log (velocity) plus a constant. The tables in Appendix
C list the data from Figures 8 through 22.

Comparison of Fort Campbell and Fort Rucker
Results for the UH-1H Aircraft

Figure 23 presents the SEL versus distance carve
developed for level flyovers (lightly loaded) at 80 knots
and 300 ft AGL. The values at Fort Campbell are 3 to
4 dB lower than those at Fort Rucker. Figure 24 pro-
vides a similar comparison for landings. Again the valuves
are 3 to 4 dB lower at Fort Campbell than at Fort
Rucker. Table 8 presents the maximum ¥-sec
for several microphones at Forts Rucker and Campbell.
These differ by 4 dB or more. The table also compares
the 200-ft corrected average (energy) hover Leg for in-
ground and out-of-ground effects at the two forts.
Table 8 also shows that the Leq values for the in-ground
effect hover are about 3 to 4 dB lower at Fort Campbell

than at Fort Rucker. However, the Logq values for the
out-of-ground effect hover are similar.

The UH-1H aircraft measured at Forts Rucker and
Campbell are essentially the samne. There have been no
modifications to blades, transmissions, or engines. The
only known change is the installation of dynamiz blade
balancing hardware during 1974. For level flyovers, a
dynamicaily balanced UH-1H aircraft 2xhibits blade
slap in the speed range of 65 tc 80 knouts. Without
dynamic balancing, this range may b2 slightly wider
because the region of tip/wake vortex interaction in-
creases. Thus, the 80-knot data from Fort Rucker
could well be 3 to 4 dB louder than the same measure-
ments at Fort Campbell. A similar effect may occur
for landings.

Why are the out-of-ground effect data similar while
Fort Rucker’s in-ground effect data are higher than
Fort Campbell’s? Here, biade/vortex interaction is not
a factor. However, the answer may lie in the measure-
ment surface. The hover area used at Fort Rucker was
the installation’s helicopter parking, and hence was
almost entirely paved; the area at Fort Campbell was
grass. Theoretical computer analysis” shows the hard
surtace increases measured in-ground effect readings (at
200 ft) by about4 dB, but only increases out-of-ground
effect readings by about 1-%4 dB. Thus, the measure-
ment surface may contribute to the differences in hover
levels.

Other reasons for the difference in levels might in-
clude changes in flight procedures, environmental fac-
tors affecting the measurement, =r errors in measure-
ment. At both installations, Army pilots flew the same
type of aircraft 300 ft AGL at aspeed of 80 knots, main-
taining constant altitude. In both cases, the pilots per-
formed in-ground and out-of-ground effect hovers. In
both cases, measurements were made during warm
weather, and the flyovers were performed in a grass-
covered area with some trees nearby. (However, at
Fort Campbell, the forests surrounding the clear area
were much thicker than at Fort Rucker.) In both cases,
independently operated and calibrated nmieasurement
systems were used. The two systems at Fort Rucker
produced internally consistent measurements, as did
the two at Fort Campbell. While environmental factors
may have affected the total integrated exposure level,

"This analysis is based on R. J. Donato, “Propagation of a
Spherical Wave N2ar a Plane Boundary With a Complex Impe-
dance,” Journal of the Acoustical Society of America, Vol
60, No. 1 (July 1976), pp 34-39.
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it seems unlikaly that they could have affected the max.
imum ¥isec Leg, or the hover data measured at dis-
tances of 200 to 400 ft. Also, the twe independent
measurement systems used at each installation tend to
rule out the possibility of measurernent error. Thus,
the only known plausible explanations for the large
variations recorded are the dynamic blade-balancing
procedure and the “hard” hover surface area at Fort
tucker.

5 ‘CONCLUSIONS AND
RECOMMENDATIONS

SEL versus distance curves for the UH-60A and
CH-47C were developed. For the UH-60A, the data
show that a heavily loaded aircraft is sbout 2 dB louder
than a lightly loaded one. Landing noise with the UH-
60A and CH-47C is substantially greater than for
level flyover.

The variation of SEL with specd is ruthier modest,
except for aircraft at very low or very high speeds. The

Table 1
Dynamic Operations Performed at Fort Rucke:
Beginning Ground Treck (GT)
Openation (dogrees}
1. Level 360
2. Level 180
3. NOE* 360
4. NOE 180
5. Ascent 360
6. Descant 180
7. Descent 360
8. Asosnt 180
9. Laft turn 318
10. Right turn 4S
11, Right turn 225
12. Left turn 138
13. Landing 180
14. Takeoff 180

*Nap of the sarth (NOE) opecations were not used in the
analysis because of the inability to predict aircraft position.

variation of SEL with speed data will be incorporated
in CERL's INCS systen: and, thus, will be available
when (1) aircraft speeds differ significantly from the
typical speeds, (2) the situation warrants this precisicn,
and (3) the sircraft operational data are accurate enough
to reliably indicate aircraft position, altitude, and
speed as a function of time.

The measurements at Fourt Rucker showed great
internal consistency. Four atrcrait of the same type
measured during the same testing period at the same
site and with the same equipment yielded similar re-
sults. The measurements at Fort Campbell also showed
great intermal consistency—except for microphone 5.
However, the bias of microphone 5, and the discrep-
ancy between the data gathered at Forts Campbell and
Rucker, indicate problems that will have to be solved
before the gathering of helicopter noise emissions data
can be standardized. Better methods necd to be devel-
oped to conrol site terrain and environmental factors,
and to account for the effects of variations in main-
tenance procedures and pilot techniques. To begin
understanding such discrepancies, it will be useful to
replicate the measurements from Forts Campbell and
Rucker with the UH-1H aircraft.

Table 2
Helicopter Types and Loading Conditions
Measured at Fort Rucker

Helicopter Loading
Model Condition
OH-58 Normal
AH-1G Normal
UH-1M Normal
UH-1H Muximum or Normal
UH-1B Muxinmum or Normal

CH-47B Muximum or Normal
CH-54 Maximum or Normal
TH-$5 Normal
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Table 3
Dynamic Operations Performed at Fort Campbell

bl |

by CH-47C and UH-1H
E Operation® © Altitude (ft) Speed (knots) GT (degrees)
P 3
[ | LF 300 80 280 P
2 LF 300 80 100 3
] 3 LK 300 40 280 P
: 4 LF 300 40 100 Ly
- 5 LF 300 100 280 3
; 6 LF 300 100 100
3 7 LF 300 60 280 ;~
. 8 LF 300 60 100 j
- 9 LF 300 120 280
3 10 LF 300 120 100
3 11 LF 300 80 280
: 12 LF 300 80 100
13 LF 300 100 280
1 14 LF 300 100 100 ,
k 15 Landing - - 280 7
¢ 1€ IGE Hover
E 17 OGE Hover “%
i 18 Takeoff - - 280 i
19 LF 1000 80 100 d
20 LF 1000 80 280 K
2 LF 1000 100 100 1
2 LF 1000 100 280 1
Pk} LE 1000 120 100 {
24 LF 1000 120 280 ¢
25 LF 1000 60 100 I
1 26 LF 1000 60 280 ;
g 27 LF 1000 100 100 3
28 LF 1000 100 280 i
29 LF 1000 8¢ 100
30 LF 1000 80 280
1 - *LF = level flyover; IGE = in-ground effect; DGE = out-of-ground effect.
Table 4 H
Average (Energy) Measured Data (dB) 3
Position (degrecs)* .
Alrcraft Hover O 45 90 135 180 225 270 315 Avenspe :
UH-1H IGE 741 806 758 751 7155 153 7119 1742 16.7
(Unload~d)** OGE 788 815 844 860 850 855 B80S 787 834
UH-60-A IGE 771 755 769 1763 712 180 748 715 76.8 ;
(Unicaded)** OGE 804 795 864 816 834 814 819 799 B8l19 r
UH-60-A OGE B1.0 806 861 882 855 820 780 816
(Loaded)**
CH-41C IGE 843 865 869 832 803 758 755 B80.7
(Unloaded)t OGE 847 881 883 873 819 B81.6 822 849
*Front of alrcraft is 0°.
**From Table BS.
1From Table BS.
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Table § Table 6
Hover Directivity Versus Position (dB) Energy Average A-Weighted Hover Sound Lavels (dB)
i (0* s Front of Aircraft) (To Be Used With Table §5)
Pt Single Rotur Dusl Rotor Alecraft Surfsce  Distance (feet)  IGE  OGE
Pl (Overall Average, (Oversll Average, 3
i Position Tabls B?) Table B10) AH-1G Hard 200 883 878 :
= OH-58 Hard 200 814 837 |
0 -2 +0.2 UH-1B* Hard 200 859  90.1 ‘
4s 1.6 +28 UH-1H* binré 2 ’84 918 7
£ 90 0.6 +2.5 UH-11** Saft 400 76.7 834 -
= 128 +14 0 UH-1M Hard 200 8.2 899 :
= 180 +1.1 -2.1 UH-60A° Soft 400 81.7 83 .
| 228 +2.2 -3.0 CH-47A/B* Hard 300 N2 98 i ]
 : 270 -0.4 -3.3 CH-41C** Soft 400 833 856 ;
350 —24 —1.1 TH-55 Hard 200 84.8 : 3
*Dual load. .
3 *SLight load. ]
3 ¢
3 E
T3
=
I[
[
! M
T.ble 7 f;
Difference, in Decibels, Between Composite Speed Variation Functions 5
(Leq v* Speed as Compared to the Function SEL Plus 10 log (v/100] vs Speed)* I
b
Figure 21 Compasite, i
Figure 17 Composite, SEL + 40 log (v/100 knots) Difference, i
Speed (knots) Leg vs Speed** va Speed®®® Figure 227
CH47C UH-IH UH60A CH47C UH-IH UH-60A CH47C UH-IH  UH-60A .
i
40 3.6 04 —4.3 37 -3.7 -4.1 0.0 4.1 04 ;
60 2.2 —4.0 -26 2.8 —4.0 --2.8 0.6 0.0 0.2 H
80 0.9 -2.3 -1.6 0.7 -23 -1.5 0.2 0.0 ~0.1 ‘
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 0.2 49 21 13 6.1 23 11 -12 0.2 i
140 1.8 3.7 3.9 4.0 -2.1 0.3 4
—_— i
*Data for 300-ft and 1000-ft AGL are combined. b
**From Table C3. {
***From Table C4. g
}From Table C5. i
§
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. Table 8
: Comparison of Fort Campbell and Fort Rucker UH-1H Data
; Furt Rucker Fort Campball Difference
; [GI: hover-200 ft 88.4 857 427 |
(l"ort Campbell corrected +7 dB b 3
for distance and +2 dB for 3

: light load) .
? QGE hover--200 ft 91.8 91.4 +04 e
(Fort Campbell corrected +6 dB .
for distance and +2 dB for P
] light load) ’
L Max, YrseC Loq
t Mikes 1&4° 91.7 85.c +6.5

Mikes 2&5 88.2 84.0 +4.2

Mike 3 849 80.7 +4.2

*The 6 dB difference (high reading at Fort Rucker) may be caused by the very loud noise during
the foew seconds just before the aircraft went overhead. This may result from retreating biade/vortex
F interaction. Since it war a short-lived effect, it does not influence the SEL greatly.
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Figure 2. Flight path for landing.
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Figure 7. Directivity effects—1000 ft AGL.
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Figure 10, CH-47C—va:iation of SEL with speed at 500 ft (300- and 1000-ft flyovers).
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Figure 11. UH-1H—variation of SEL with speed at 500 ft (300- and 1000-ft flyovers).
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Figure 13, Composite curves of variation of SEL with distance at 500 ft (normalized to O dB at 100 knots).
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Figure 14, CH-47C—variation of Leq With speed at 500 ft (300~ and 1000-ft flyovers).
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Figure 18, CH-47C—variation of SEL + 10 log (v/100 knots) with speed at 500 ft (300- and 1000-ft flyovers).
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APPENDIX A:
PILOT'S LOG

This appendix contains typical pilot’s log pages for °

level flyover, landings, hovers, and takeoffs—operations
14, 15, 16, 17, and 18. (For a list of operations, see

Table 3.)

[P o e e 2 ———-

el M v v st 1

Al b




G i o, b T D T T W T Y Y T YT e 7 T LY ST e e g £ s e e ey s s o s mepe v
R it i B S A PP IV DM LR T i e e e g .
v »

“I2A0AYJ [9A3] JO; SOLIUI 5,10 TV amBig ‘1 uoneradQ—12A0AY [9a3] € 10J 139ys uondONNsuj ‘Jy ambig ;
X
= b
2. 42 duss) sy #PISIRD . _w
059t wbiom jong o
a0/ PeedS sy PeIDAPY| ;
0€9-029 dwsy sp9 isnoyx3 auibu3 NOY ONILEVIS ‘3137dM0D NMNL (2) =
NHNL ONILNYIS (1) }
g-5¢ Inegg NNNL UM IYDILNYN 2711 HOY3 IV $TIVD OI0VN
% 2¢ snbsoy 2N 0 zn 1
.\l- - . P
— S ' Y
20} Nunl diy1s NunL
S€e Wdb 100y JO¥0 ¥v3li dOd0 V3l
| €20/ Swi] UOHDIIU uny . 0
DuipoeH <
, ~OO07  peeds :
m st aor Jov aw ,
w 9V 180T ooF MY y * SLONX :033dS _
i
i 00! 49 -H3AOA 4 13ATT & —_
¥3IAOATS 13ATT
M




Sorpirey so1 s91u3 5 30[d PV Amdry -¢ | voryesadQ—Burpure| 40§ i3y YONONNISY] “EY amdyy
V7 peeds sy PII0IIPU|
0SnE bsam jony
009- 099G dwey $09 (snoyx3 sutbvl L NUYN NMOGHINOL,
INMOGHINOL 1V '8
SWi | UMODYOINO
920/ 4 Pushol LNNY ONLLYVLS *31310M00 Nunl, (2)
oNi |
DN 384iouD 0ipDs ‘umopyanoy 4y 0L :.".‘.vw».pw v
$TIVD OIOVY
MIOW, 01pD)
b usng 18550 ‘ADMuns 81040Q SBIW 2/ | Y .
08¢ buiposy
Id e ms——— S —
.’
NunyL "
ONIONYT 6 dOb0 NViL o ¥
o !
i
«002Z 19 j
(® a370812 1v) 1
ONIONYT G §
i
-4
i
{
_

Tt s b it L et it gl .
F AR Tl Lottt o bt o bt 8« ot Ao e A il e s




ko et SIS i Jj]};ﬂﬂ?iﬂﬂ%%;,uﬁ T TN R T T T AT S TV TR B TR <R AR b e

W 'SIA0Y JOf SAUUI S JO[L] 9V 2-—“—3.& 'L pue gf gmﬁﬂh&o,lnbsﬂ 10j 339ys uonInnsu] gy i&
A_ oeo/ 420/ dwy |
oste O0hE wbam 1ong

— owd) soo
0L9-059 099-0#9 1snoyx3 auibu3z

Z6-98 |  99-28 N % —

OIQVH NO ¥3AOH ONNON9-J0-1N0 M98 O

TUTTTT s e ——

: [/
% fr# % Ok onbioy GNYIWNOD OIQVE NO NIAOH ONNOWD-Mi NI938 A
| Tt A A NO SINIONZ HLIM NMOGHONOL ‘8
: o s
x i i — s S 01 8 umee sugm | 5
—— 4 A i p ) .
_ o/ 00/ bus posy

08 Ol Pny1iy Jrﬂaﬂ_.
S9A0H 2
438343 FTIY. )
punos9 198333 " *

-§0-400 2 punoi9-u ‘9
YIAOH 193443 ONNOUD-40-1N0 Ui
¥IAOM 133443 ONNOHO-NI "I

EIEE S U S L VU S e x M

P
)
. ji
: 1
‘ ;
v 1 -y
i ;
i
|
)
4
H
! -
m z
k|

F,_
!

3

b

i

F |




"Jjonet 1oy $auua s 100y gV ambrg

o%0I ouw g

7 Pesds sy PeIOIIPY|

JSIE wbtom (ony
gﬂlﬁmw dwe) S0 isnoyx3 suibu3
FA Bu)poay

4303NvL ‘B!

‘81 uonesadp—jjoaxe) 10§ 129ys uononiysuy Ly By

JNUNL ONILUVLS,
‘SIUN WILLNWN 2/1 IV (D)

SNV 440-3%VL NI938, (1)

‘$7V0 Olove

o082 19

340 vy 81

37




APPENDIX B:
HOVER DATA ]

Table Bl
UH-1H Hover Data (dB)

Microphone

Heading
Set  (degress) Type 1 11 3 12 13 14 s 15 2 6 4 4

1 100 IGE 732 6%6 802 714 702 -~ 739 T1.5 856 1754 626
1 100 OGE 873 874 813 770 762 - 864 871 916 887 7.1 .
2 S0 IGE 777 726 1759 7.1 806 771 778 710 793 809 7.7 v 3
2 SO0 OGE 819 795 799 804 81.S 805 3845 801 839 828 750 I E
»
P 2
"4
Table B2 3
UH-60A Hover Data—Unloaded (dB) %
Microphone , J
Heading -
Sst (degrees) Type 1 11 3 12 13 14 3 15 2 6 4 ;
' 3 95 IGE 781 - 707 750 774 747 1.8 1743 81.2 B1.1 107 4
; 3 95 OGE 829 - 794 803 825 1778 86.8 827 831 883 1754 .
{ 4 280 IGE 767 1762 1757 776 760 780 768 79.1 8i.1 809 722 .
: 4 280 OGE 763 80.7 1783 80.1 8338 8l4 835 794 81.6 81.2 74.0 P4
4

1 Table B3
UH--60A Hover Data--Loaded (dB)

Microphone

bt AL b bl At ke, il

Heading
Set (degrees) Type 1 1 3 12 13 M $ 15 2 6 4

3 95 IGE 849 - - 807 808 813 89 887 - 903 157
3 95 OGE 883 - - 819 812 790 875 921 - 930 744
4 280 IGE 835 816 784 826 8i.2 802 832 791 860 B81LS 768
4 280 OGE 832 823 775 808 808 814 855 824 858 8S3 1759

E
i
i

Table B4
CH-47C Hover Data (dB)

Microphoae

Haading
Set (degress) Type 1 11 3 12 n 14 L} 15 2 6 4

100 IGE 830 743 760 B81.0 840 882 8.7 854 816 77.1 843
100 OGE 81.7 776 829 848 858 878 89.2 836 836 788 92.1
100 IGE 721 769 748 803 846 B83S 370 787 788 793 751
100 OGE 820 837 813 849 833 884 871 B854 854 B4 730

L - X7 R
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Table BS
Energy Averages of Fort Campbell Single-Rotor Aircraft by Degrees
With Respect to the Aircraft (0° Is Front of Aircraft); Table Bl Through B3 Data

Avenge 180 228 270 s 0 45 90 135
UH-1H
IGE 76.1 75.5 7153 79 4.2 74.1 80.6 5.8 781
oGy 834 85.0 85.5 80.5 18.7 78.8 81.5 844 86.0
UH-60A
IGE 76.8 7112 18.0 74.8 7.5 171 11.5 76.9 76.3 ;
OGE 819 834 814 B9 799 B804 795 B44  BL6 1
Loaded 84.0 85.5 82.0 78.0 81.6 81.0 80.6 86.1 88.2
i
] Table B6 * 3
Difference From Average; Table BS Data '
Avenge 180 225 270 1S 0 as 90 135 ;
v
UH-IH i3
IGE 0.0 -12 —~14 #1225 26 +39  -09 -1G ‘£
OGE 0.0 416 #2129 41 46 19  +10  +26
UH-60A ' P4
IGE 0.0 +0.4 +1.2 —-2.0 +0.7 +0.3 -1.3 +0.1 ~0.5 k 3
OGE 00 415 ~05 00 20 15 -24 425 03 1
Loaded 0.0 +1.5 -2.0 —6.0 -2.4 —-3.0 —-34 +3.1 +4.2 ‘ %
{4
.
Table B? ']
Weighted Average of Single-Rotor Aircraft Directivity Change '
Number of ', !
3 Alrcraft Avorage 180 225 270 3s 0 45 90 135 !
Fort Rucker Duts* 63 0.0 +09 +0.2 -1.3 ~1.8 -2.0 --0.1 +1.1 +1.5
1 Fort Campbell Dta®* 12 0.0 +1. +25 02 -5 28 -19 1.0 +14 .
i Overall Avorage 75 0.0 ) 22 04 24 27 16 06 14 i
*From p 39 of CERL Technical Report M-38, i
**From Table B6. E
i
'
Table B8 ;
Energy Averages of Fort Campbell Dual-Rotor Aircraft by Degrees Ui
With Respect to the Aircraft (0° Is Front of Aircraft): Table B4 Data i
]
Avsnge 180 225 270 315 0 45 90 13§ i
{
CH-41C IGE 833 803 758 755 807 843 865 869 B2 '
CH-47C OGE 85.6 819 816 822 849 847 881 883 873

Table BY
Difference From Average; Table B8 Data

Avenage 180 228 270 318 0 45

CH-47C IGE 0.0 -30 -715 18 -6 +1.0 432
CH-47C OGE 0.0 -37 0 34 07 09 +2§

39
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: Table B10 | 3
ﬁ Weighted Average of Dual-Rotor Aircraft Directivity Change : ‘;
. Number of j

Aircraft  Average 180 228 270 31 0 as % 138

Fort Rucker Data* 4 0.0 ~3.3 -54 —5.1 —-1.5 +0.2 +2.9 +3.2 +0.9 E
Fort Campbell Data** 4 0.0 -1.1 -1.4 —-2.0 —0.8 +0.1 +2.6 +1.6 -1.1 i ;
; Overall Average 8 0.0 —2.1 -3.0 -33 -1 +0.2 +2.8 +2.5 0.0 :

*From CERL Technical Report N-38. o
**From Table BY. P
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: APPENDIX C: g
'DATA FOR FIGURES 8 THROUGH 22 ]
: Table C1 .
i Variation of SEL With Distance at 100 Knots (Figures 8 and 9) i 3
; 10 200 300 S0 1K 2k 3K Sk 10K 20K 30K 50K B
|
; UH-60A L
Unloaded 959 928 909 884 849 808 781 742 617 596 38 456 Ly
Loaded 945 915 895 871 835 7196 769 731 668 588 532 452 i
! Unloaded Landing 1003  97.2 953 928 891 849 821 779 7.0 623 565 484 3
1 Loaded Landing 1062 103.0 1011 986 948 904 874 829 752 655 591  50.9 g
3 CH47C 3
] 300 ft 949 918 900 876 842 804 780 746 694 630 585 518 4
; 1000 fi 939 908  89.0 8.6 831 794 769 7136 685 623 580 513 :
300 ft Landing 1069 103.8 1020 996 962 924 899 8.3 805 732 681  60.8 $
i k
Table C2 v 1
Variation of SEL With Speed at 500 ft (Figures 10 Through 13) :
40 60 80 100 120 140 ;
i X
3 CH'47C :zil:
] 300 ft. 94.8 92.1 89.8 87.6 88.1 90.9 ¥
g 1000 ft. 87.5 86.6 86.8 87.4 E;
i UH-1H L
- 300 ft. 91.5 88.9 89.6 90.9 96.3
1000 ft. 87.4 87.5 88.8 94.1 i
] UH-60A 3
3 Unloaded 87.1 87.2 87.7 88.4 89.3 90.3 1
1 Loaded 87.1 87.1 86.8 87.1 E
¥ Composite (Normalized
to 100 Knots) :
CH-47C 7.7 5.0 2.0 0.4 2.4 !
UH-1H 1.5 —1.8 -1.3 0.0 5.3 (]
UH-60A 0.7 —0.6 ~0.5 0.0 1.5 2.5 ;
Table C3 5
, Variation of Leg With Speed at S00 ft (Figures 14 Through 17)
40 60 80 100 120 140
3
CH-47C Ta
300 ft. 84.1 82.7 82.1 79.4 79.6 84.2 4
1000 ft. 80.6 81.3 81.6 78.9 1
UH-1H &f
300 ft. 83.1 78.7 80.3 83.1 87.6 :
1600 ft. 78.7 80.4 82.2 87.5
UH-60A h
Unlouded 76.5 78.7 19.6 81.3 £3.0 84.6 i
Loadled 76.6 719 78.9 80.4
Composite (Normalized
to 100 Knots) .
CHA47C 3.6 22 0.9 0.0 0.2 .8
UH-1H 0.4 40 ~2.3 0.0 4.9
UH-60A —4.3 2.6 —~1.6 0.0 2.1 3.7
4]
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Table C4 -3
Variation of SEL + 10 log (v/100 knots) With Speed at 500 ft (Figures 18 Through 21) E
40 60 80 100 120 140 H
CH-47C '
300 ft, 90.8 89.9 88.8 87.6 83.9 924 k
1000 ft. 86.5 86.6 87.6 88.9 3
: UH-1H i
300 ft. 86.3 86.7 88.6 90.9 97.1
1000 ft. 85.2 86.5 88.8 94.9 |3
UH-60A P
Unloaded 83.1 85.0 86.7 88.4 90.1 91.8 b
Loaded 83.1 84.9 85.8 87.1 L4
3 Composite (Normalized g
) to 100 Knots) 3
L CH-47C 3.7 2.8 0.7 0.0 1.3 3.9
. UH-1H —-3.7 —4.0 -23 0.0 6.1 3
UH-60A —4.7 —2.8 ~1.5 0.0 23 4.0 j
1 v i
| 1
2 Table C§ %
" Difference of Loq With Speed Versus SEL + 10 log (v/100 knots) ;!
With Speed at 500 ft (Figure 22) ‘i
L ':3
: 40 60 80 100 120 140 ¥
CH-47C —0.1 -0.6 0.2 0.0 -1l -2.1 -
UH~1H 4.1 0.0 0.0 0.0 -1.2 k
UH-60A 0.4 0.2 -0.1 0.0 ~0.2 —0.3 ¥
4
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Chief of Enginsers
ATTN: Tach Monitor
ATTN: OAEWN-ABL-L (2)
ATTN: DAEN-CCP
AT™N: DAEN-CW

ATTN:  DAEN-CWE
ATTN: DAEN-CWM-R
ATTN: DAEN-CWO
ATTN:  DAEN-CWP
ATIN: DAEN-WP

ATIN: DAEN-MPC
ATTN: DAEN-MPE
ATTN:  DAEN-WPO
ATTN: DAEN-MPR-A
ATTN: DAEN-RD

ATTH: DAEN-RDC
ATTN: DAEN-RDM
ATTN:
ATTN: DAEN-IC
ATTN:

ATTN: DAEN-CCI
ATTN: OAEN-ZCH

FESA, ATTN: Librery 22080
FESA, ATTN: OEY II1 79806

US Army Enginesr Districts
ATTH: Librery
Aleska 98501
Al Batin 08816
Albuquerjus 87103
Bultimore 21203
Buffalo 14207
Charleston 28402
Chicego 60804
Ostroit 48231
Far East 88301
Fort Worth 78102
Galveston 77880
Huntington 85721
Jeckeonvilie 32932
Jepan 08343
Kensas City 064106
Littie Rock 72203
Los Angeles 80033
Loutuville 40201
Memphis 38103
Mobile 38828
Nasshvills 37202
New Orlesane 70160
New York 10007
Norfolk 23810
Omahs 688102
Philedelphis 18108
Pittsburgh 18222
Portieng 897208
Aiyadh 08038
fock Istand 81204
Sscremento 95814
San Francisco 84105
Savanneh 31402
Seettls 08124
St. Louis B3N
St. Paul 5810%
Tulss 74102
Vicksburg 38180
Wells Walle 86362
Wilmington 28401

US Aemy Enginesr Diviaione
ATTN: Librery

Europs 08757
Huntsville 35807
Lowar Missiesippt Valley 38180
Middle Eest 08038
Middie East (Rear) 20801
Missauri Aiver 88101
New England 02154
North Atlantic 10007
North Central BO0BOS
North Pacific 87208
Ohio River 45201
Pacific Ocesn 98888
South Atlantic 30303
Sauth Pecific 084111
Southuestern 78202

US Army Europs

HG, 7th Armmy Training Command 08114
ATTN; AETTG-DER {5)

HQ. 7th Army ODCS/Engr. 08403
ATTN: ABAEN-EH {4)

V. Corps 08079
ATTN: AETVDEH (8)

Vi1, Corps 09154
ATTN: AETBDEH (8)

21st Support Command 08328
ATTN: AEREM (8)

Berlin 00742
ATTN: AEBA-EN (2)

Southern Europesn Tark Foras 09188
ATTN: AESE-ENG {23}

Insteilation Support Activity NS403
ATTN: ARIES-AP

CERL DISTRIBUTION

Oth UBA, Kor

ATTH:
ATTN:
ATTN:
ATTH:
ATTN:
ATTH:
ATTN:

.

EAFE (8) 98301
EAFE-Y 94350
EAFE-ID BUR4
EAFE-4N BSER0R
EAFE-H 08271
EAFE-P 90250
EAFE-T oepiR

Rocky Mt. Arsenal, SAMRW-IS @00Q2

Ares Engineer, AEDC-Arme Qffice
Arnold Atr Force Station, TH 3738

Western Arsa Office, CE
Venderbarg AFB, CA 83437

418th Enginear Commeny 80823
ATTN: Faciiities éngtinaer

USA Japen [USARY)
Ch, FE Div, AJBN-FE 986343
fac Engr (Honshu) 968343
Fec Engr (Okinewa) 6381

ROK/US
ATTN:

Combinad Forces Command 98301
EUSA-HHC-CFC/Engr

US Military Academy 10898

ATTN
ATTN

ATTN

t Facilities Enginear
t Dept of Geography &
Conputer Science

:  DBCPER/MABN-A

Engr. Studies Center 20318

ATTN:
AMMRC,
usA ARl

ATTM
ATTN

Library
ATTN: DROMR-WE 02178
RCOM 81280

+ DRCIS-RI-1
t DASAR-1S

DARCOM ~ Dir,, Inet., & Svoa.
ATTH: Facilittes Engineer

ARRADCOM Q7801
Abaerdesn Proving Bround 21008

Army Metia. snd Mechenios Res. Cir.
31

Corpus Christi Aray Depot

INBCON - Cn, Inmtl, Div,
ATTN: Fecilitias Enginser
Arlington izall Stetion (B1 QURV2
vint Hill Ferms Station 20188

Hou
ATTN: Facilities Enginesr
Camaron Stetion 22314
Fort Lesley J, MoNeir 20314
Fort Mysr Q2B

L1,
ATTN: NTHC-S8A 20318
ATTN: Facilities Enginser
Oekland Army Base 84826
Sayonne WOT 07002
Sunny Paoint MOT 28481

NARADCOM, ATTN: DRADNA-F 071°60
TARCOM, Fac, Div. 48080
TECOM, ATIN: DRSTE-LG~F 21005

TRADQC

HQa, TRADOC, ATTN: ATEN-FE

ATTN: Facilitius Enginesr
Fory Belvoir 22060
Fort Benning 31805
Fort Blies 76818
Carlisle Barracke 17013
Fort Chaffes 72602
Fart Dix 00840
Fort Eustin 23804
Fort Gordon 30805
Fort Hemilton 11252
Faort Benjemin Herrison 48216
Fory Jackeon 09207
Fort Knax 40121
Fart Leavenworth 88027
Fort Les 2380V
Fart McClallan 36208
Fort Monros R3651
Fort Rucker 38362
Fort Sill 73503
Fort Leonard Wood 65473

TSARCOM, ATTH: 6TSAN-F 83120

Harry Dismond Laborstoriss 20763 USACC

Ougwey Proving Ground 84022
Jofterson Proving Ground 47280
Fort Mormouth 07703
Letterkenny Army Depot 17201
Netick RRD Ctr, Q1760

Now Cusberland Army Depot 17070
Pusblo Army Dspot 81001

Red Rivar Army Depot 78301
Redetons Arsensi 38808

Rock Islend Ar<enal 812989
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from NT1S, 1982, .
42 p, (Technical report / Construction Engineering Research Laboratory P3
N-131)

B T e e S
T TR ) bt £ il

l. Helicopters =-- noise. I, Title., II. Series : Technical report
(Construction Engineering Research Laboratory (U.S.)) ; N=131.

i
i

LS
<
Tl 3 s i | i b .

e

L i, it G

JROUR SOOI R oY bt T DN

L e~y T Y e T T T T

b




