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FOREWORD

This study was performed for the Divectorate of Military Programs, Office of the Chiel
of Engineers (OCE) under Project 4A762720A896, “Environmeatal Quality Technology™:
Technical Area A, “Installation Environmental Managemen! Strategies™: Work Unit 011,
“Integrated Installation Noise Contour System.” The OCE Technical Monitor was Gordon
Yalesco, DAEN-MPE-L.

This investigation was performed by the Environmental Division (EN), US. Army
Construction Engineering Research Laboratory (EN). Dr. R. K. Jain is Chiel of EN.

COL L J. Circeo is Commander and Director of CERL, and Dr. L. R. Shaffer &
Technical Director.
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OPERATIONAL NOISE DATA FOR UH-60A
AND CH-47C ARMY HELICOPTERS

' INTRODUCTION

Background

In recent vears, residential development has oocummed
near military and civilian airfields—areas subject 1o high
nose levels from aircrafl and airfield operations. To
control this development, the US. Army has instituted
the Installation Compatible Use Noise Zane Program
(ICUZ)." Like the Departmemt of Defense’s (DOD)
Constre tion Criteria Mamual and Afr Installation Com-
paritle Use Zone program ( AICUZ), the ICUZ program
defines land uses compatible with various noise levels
and establishes a policy for achieving such uses.’ Each
docoment describes three noise zones which restnict
land use in varying degrees to ensure compatibility
with military operations, The ICUZ program stresses
Army-unigue noise sources such as blasts (e.g., artillery,
armor, demuolition) and rotary-wing uircraft,

Naise 2o maps for the HOUZ program are develaped
by the Army Environmental Hygiene Agency (AEHA)
using LS. Aemy Construction Engineering Research
Laboratory’s (CERL's) integrated noise contour system
{INCS). This system can produce joint noise zone mups
for blast noise and (ixed- and rotary-wing aircrall opera-
Hons, Noise rone maps are produced using the CERL-
developed BNOISE-3.2 computerized prediction pro-
cedure; helicopier noise zone maps are developed vsing
a CERL-modified Air Force NOISEMAP Computer
Prediction Progzam.” Each of these computerized pre-
diction procedures refies on three separate data sources:
(1) sowmce =mssions dats, (2) data detailing sound

“Insrallation Compatibie Noise Use Zopes™ {Department
of the Army, (dfice of the Adjutant Genezal. 20 May 1981)

Comstruction Criteria Manual, DOD 4270.1-M (Depart-
ment of Defense. [972); Air Imssallarions Comparible L
Fones, DOD Insruction 4165-57 (Deparoment of Defense,
1973)

incoln L Litte, Violetta L Pawlowyka, and David L
Effland, #lest Noise Prediction Volume [I: BNOISE 3.2
Computer Progrem Description and Program Livting, Technical
Report N-98/ADA0Y9335 (U.S. Army Construction Engineer-
ing Research Laboratory [CERL], 1981) R D. Horonjelf,
R B Kondukuri, and N H. Reddingius, Comimnity Noie
Expoture Rewltiag From Alreraft Operation: Computer Fro-
gram  Dexeripton, Air Force Report AMRL TR-73-104/
ATAGOARZL | 19740,

propagation from source to receiver, and (3) data defin-
g the human and communily response Lo the received
noise.

Previous CERL research has addressed, 10 some
degree, these selz of data for rotary-wing aircraft and
for blast noise prediction. In particular, CERL Tech-
nical Report N-38 defines the noise emission charac-
teristics for rotary-wing sircrall 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) 1o develop
sound exposure level (SEL) versus distunce curves for
the new Army sircraft, (2) to investigate the variation
of SEL with aircraft speed, and (3) to confirm the
validity of the measurement procedures.

Approach

To accomplish these objectives, the basic approach
was Lo use as much as possible the microphone types
and Tayout, recording method, and analysis procedures
employed in Aprl 1974 0t Fort Rucker® Chaprer 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
procedures, data were also gathered on the UH-1H a1
Fort Campbell for comparison with the 1974 measure-
ments for this aircrafl at Fort Rucker. Similar results
from the two studics would thow that the measurement
procedures were independent of site, or thal the opers-
tional/pilot technigue 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.

Modea of Technology Transfer

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

*B. Homans, L Little, and P. Schomer, Rutary Wing Air-
craft Operational Noise Data, Technical Report N-38/ADA
051999 (CERL, 197H).

5B, Homans, L. Linle, and P Schumes, Koreer Wime At
craft Opergtivese! Note Date, Techinkeal Repart N-JRFADA
BS1994 (CERL, 1978)



2 COLLECTION OF DATA

Helicopter Operations

At Fort Rucker, one sel of data was based on the
dynamic operations listed in Table 1. Forty helicopters
took parl in that study; each airerofl flew the series of
operations twice, once with the pilot and once with
the co-pilol. Table 2 lists the aircralt rypes and condi-
tions employed The Fort Rucker study indicaled that
level fMyover data and landing data adequately charae
lerized the noise emisslons of all other dynamic opers-
tiwons. Therelore, the study ot Fort Campbell coneen-
trated only on level flyovers and landings,

At Fort Rucker, cargo and utility aircraft were Nown
lightly loaded and Tully loaded. At Fort Campbell, this
condition varied with aircraft type. The UH=1H und
CH-47C were Nown lightly loaded anly. Tuble 3 lists
the operations performed by these helicopters, The
afrcraft began by flying level flyovers with headings of
either 100 degrees or 280 degrees at 300 ft above
ground level (AGL). In the middle of the test, they per-
formed two hover operations, and then resumed level
flyovers, but this thme at an altitude of 1000 {1 AGL,
Two aircraft of each type were used, each with a dif-
ferent pilot. The aireraft performed the 300--AGL
aperations, the landing, the two hovers, and a8 many of
the [000-f-AGL operations as they could before re-
turning to base for fuel. The vperaiions and procedures
{os 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
tor carry @ full 500-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 £t AGL,

The level flyovers at Fart Campbell were flown sim-
tlarly to those al Fort Rucker. The pilots were instruct-
ed 1o malntain straight, level, steady [ight for at least
|5 nautical miles before and after each dynamic opera-
tlon. 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 stabillze the airerall and pro-
vided encugh time for 10 dB down-sound-level points
lo be recorded on magnetic Lupe when the operalion

10

was flown at 300 {1 AGL. Figure | illustrates the level
Myover flight path. Operation 15, a normul lunding
(Figure 2}, began at 300 t AGL on @ ground track of
280 degrees, The aireraft landed 800 1t west of the east
end ol the microphane array { Figure 3},

Statie opersdions consisted of in-ground and oui-of-
ground effect hovers. These measurements were per-
formed largely over a grassy surfaced urea (Figure 4).
ln-ground effect hovers were performed with the alr-
craft at o stabilized position between 0 and 5 {1 above
the ground. The aireralt maintained the stabilized posi-
tion by always facing into the wind. Out-of-ground
hovers were performed ot an allitude of | rotor
diameter.

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

Microphone Placemant

A basic array of six microphones was used at Forts
Rucker and Campbell (Figure 3). (Four additional side-
line microphones were locuted ol Fort Campbell for a
future unalysis of helicopler sound exposure level atten-
vation with distance |Flgure 5].)

Hover measurements were perlonmed al point H on
Figure 4, The hover measurement positions fommed a
400:fr-radiug curve around the hover position, Measure-
ments were made at eight equally spaced points on the
haver cirele. Three points were parl of the six-micro-
phone array, and five points were special manned sta-
tions used only during the hover operation,

Maeasurament | nstrumentation

Asat Fort Rucker, the main scoustic instrumentation
al 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, cach microphone
signal was received, amplified by a Neff 119 DC ampli-
fier, split, and recorded on a |4-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 Hz as was done at
Fort Rucker (o procedure which gained no more than
6 dB in dynamic range of the high requencies), it was
decided to split the recording Into a high gain and low
gain channel to increase the dynamic range.



Time synchronization was handled by a Systron
Donner 8350 time code generator which occupied one
tape secorder chanrel. The remaining data channel on
the Ampex reco-der was used for wind speed und wind
direction information.

The recordings for hover measurements were made
smultaneously by using three of the six permanent
microphones and five identical portable syslems 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 ourpur of the sound level
meter onto a Magra DI full-track portable scientific
tape recorder which was set to run al 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 sysiem used at Fort Campbell wus very
similar to that at Fort Rucker. Two cameras and a the-
odolite (Figure 3) marked the position of an aireraft
Nying over the middle of the microphone array, Camery
| was placed 500 11 south of microphone airay, and
camera 2 was ploced at the east end of the runway next
to microphone 4. Stator poles in frant of the camen
positions were marked with uniform graduations, By
examining photographs from both cameras, one could
ascertain position information in three dimensions at
the mument the pictures for the J00-f-AGL test were
taken. For the 1000-fi-AGL operations, only cunera 1
was used. Two additional stator poles were used 1o de-
termine the lateral deviation of the aircrafl (north or
south) from the desired flight line. Piclures were taken
remotely by an operator who could see when the air-
crafl were precisely over the east-west middle of the
measurement array  The helicopters” altimeters gustan-
teed that the zircraft were close enough to 1000 fi
AGL for this study.

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

Calibration
At the beginning of esch reel of 1d-truck tape, the
[O00Hz  electostatic actuator bulli into the 4921

microphone systems was used 1o set a known level on
the tape. The electrostatic actuators were tested with
BEK 4220, 124-dB pistonphones before and after the
entire measurement program. {Calibration of the elec-
trolatic actuator with the B&EK 4220 allows one to
establish an absolute K factor for each actustor.)

The instrumentation for the hover operation measure-
menis 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 14-truck Ampex PR-
2200 tape recorder contained 12 channels of acoustical
data; one channel of time code Information; one chan-
nel onto which wind speed, wind direction, and sipnals
from the cameras and theodolite were recorded; and
one edge track onto which voice information was placed.

The 12 channels of scoustical data orginared 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
14 to 24 dB amplifier und recorded on another channel.
The object was to increase the recorded dynamic range.

Time code information was supplied by a Systron
Donner model 8350 thne code generator. 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 cutputs
of two volisge-controlled oscillators. These units were
set up to form 3 discrete frequency band for each. The
voltage-controlled oscillators were driven by an R. M.
Young wind speed and direction measurement appars-
tus. Thus, this tape channel could be read by a spectrum
analyzer, and wind speed and direction components
determined. The edge track contained a vocal running
diary of events.

Each helicopter mun 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 mnway
where it was anticipated that the helicopter would Ty,
In the foreground ol euch photograph was a stator rod
marked with uniform divisions, When the helicoprer



passed over the appropriate spot, an operator triggered
one of the cameras, A wire bus system triggered the
other camera, and at the same time momentardly in-
terrupted the wind direction signal, as described in
Chapter 2. Bach photograph carried information about
latitude and side-to-side variation. The time at which
the phatographs 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
altitude of the helicopter in the field of view when the
cameras were fired (and o Sonalert near the theodolite
sounded). The theodolite was only used to check
resulls from the cameras,

Reduction of Dynamic Oparation Data

A Nova 1200 minicomputer sampled the spectrum
analyzer every 0.5 sec, summed the spectra into one-
third octlaves, and stared the contents on disks. Since
cach 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 to 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 (wo passes were
made on the high-gain channel for high and low fre-
quencies. Some overloading of the spectrum unalyzer
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 [rom the operator before and after sach
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 full spectrum per 0.5
sec for each microphone.

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

ground of each photograph allowed caleulation of
altitude and lateral variatlon 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 {or aber-
rations in the lens.

Negatives ol each helicopler were projected on the
screen of a microfiche reader; measurements were
taken in relation to the stator rod, and dats were en-
coded into the minicomputer for further caleulation and
analysls, Glven the information supplied by the two
pictures, algorithms were written thul located the
helicopter in three dimensions at the tine both cameras
were fired. The slant distance to each of the six micro-
phones in the array was caleulated based on the position
of the helicopter in space and its forward speed.

The problem of different types of noise being pres-
ent s 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 nolse—a recording
was made immediately after the helicopter left the area
following a set of passes, This reading rellected ambient
sounds (such as wind, vehicles, birds, and other en-
vironmental sounds) that cccurred during the tests,

Electrical noise—the noise of the system that is
constant at different pain settings—was measured by
attaching 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 laken 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 aclaves for
each gain setting used. The correct CNL was compared
to the resultant one-third octave spectra for each 0.5
sec, and those 0.5sec intervals were fagged 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 data
were recorded,

Data Analysis
In addition 1o the reduction of dynamic operation
data into one-third octave spectra for each 0.5 sec of



recording, the SEL of each flyover was directly mea.
sured in the field using the CERL-developed True Inte-
prating Noisc Momitor and SEL Meter. The 0.543ec
spectra and the overall field-messured SEL were com-
bined to produce A-weighted SEL wersus distance
relations.

These relations were developed in four steps. Finst,
the Aowelghted SEL For the microphone Ayover ws
ertened Bssendiilly, this culealistion involved Torming
e Integral of the A-welghted pressure squared received
by the microphone. The CERL monitor performed this
operation  automatically. Second. the D.5sec time
interval having the maximum A-weighted value was de-
tennined, and the entire one-thind octave spectrum for
that 0.5-sec interval was recorded. Third, from the posi-
ticnal information on the photographs. the closest
approach of aircraft to microphone for each individual
fiyover 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 aw field-measured
SEL { A-weighted) to an equivalent SEL for g day with
a stundard temperature of 59°F and relative humidity
al 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 spproach from
arcralt to microphone, and the maximum one-third
octave specira duning the 0.5 sec having the maximam
A-weighted eading Distance causes three facton to
vary: air absorption {the one-third octave spectrum was
used to dete-mine the effect of air absorption), the 1/
¢ amplitude change of a point acoustical source, and
the apparent durational change of a source moving in a
straight line ar constant speei. Appendix A of CERL
Technical Report N-38 contains o detailed description
of this unalysis procedure, which is stroctured gimilarly
to the Alr Force procedure thul was written in part fo
deseribe the reduction of lixed-wing aircraft data.® The
primary diffzrence between the Air Force and Ammy
data reductions is that the Air Force used tone correg-
tions and elfective perceived noise level (EPNAB) 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, L. Biahop and W. 1. Galloway, Compmunity Notse Ex-
posure Resulting From Aircraft Operativns: Acguisition and
Amalyny of Aircraft Note end Performarce Dare, Repori
AMRL=-TR=-73=107 Bolt, Beranek, and Newman, 1975).

eliminate the tone comections. Additionallv. it was
found that the concept of 1one comection did not apply
io helicopters uince the primary noise source over most
of a flyby is the rotor rather than the engines

Analysis of the hover data was quite simple. 11 should
be mecalled that o 30sec mcording was made at 45
degree invrements around the hovering helicopter ut a
tistasice of 400 1t fram the center of the aircraft. Anal
yuls conslsled ol direct mewsorement ol the equivalent
Acwelghted levels (Lyg) Tor euch recording. This
measurement was performmed using the CERL True
Integrating Noise Monitor and SEL Meter (which
employs a true integrating detecior),

4 ResuLTs AND DISCUSSION

This chapter explains the results of the operational
memsurements performed at Fort Campbell on the UH-
60A, CH-47C, and UH-1H. SEL versus distance data
are discussed, variations in SEL with aircruft speed are
examined, and Fort Campbell daw gre compured with
the eardier resulls al 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 svstem-
atic bins wus about 5 dB or more. Aller intensive
investigation, equipmen! malfunctuion or data analysis
emors 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 5 was pleced near the bottom of a
wash (drainage depression) and thus may have experi-
enced eflecty of sound focusing. In other words, micro-
phone 5 muy have been near the center of a ground
surface huving a somewhal parabolle shupe. 17 so, when
a helicoprer flew over, the ground surface would have
acted as u reflector focusing the helicopter sound near
the microphone.

Howewer, the hover data, which include microphone
5, do not show the microphone to be any louder. This
may have resulied from the height of the aircraft. IF
the temain did reflect noise, the source had 1o be high
enough to mdiate inlo the reflector. which should have
focused less on lundings than on level flyovers. Exam-
ination of the daitn reveals exsctly this trend. Micro-
phione 5 was high by 5 dB or more on level flyovers



{when the aircraft was 300 to 1000 ft AGL), and by
about 3 dB on landings (when it was perhaps 50 to
100 fr AGLY. On hovers, microphone 3 was not higher
than the others.

The data show that the hélicopter is a very direc-
tional source which can be loosely thought of as 4
dipole with respect to sideline microphones, The spac-
ing of the dipele appears to be approximately the rotor
diameter. Figures 6 and 7 illustrate the directivity effects
of an ideal dipale for level {lyovers at 300 it AGL and
1000 ft AGL. The reader must note that Figures & and
7 apply only when the alreraft is at the point of closest
approach to the microphone. The radiation divectivily
pattern of the helicopter in three dimensions can be
more nearly thought of as 4 portion of a donut { radia-
tion is also reduced from the tralling 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 [s leaving
the area, itisalready much quieter because of the direc-
tivity effects. Stimilar helicopter forward motion effects
are observed at the sudeline 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 produces the follow-
ing effects. The microphones directly underneath the
adrcraft (microphones | and 4) consistently measure
lower levels than the sideline microphones. At 300 fi
AGL, the 200-ft sideline microphones measure higher
levels than do the 400-1 sideline microphones. However,
because of the directivity pattern (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-f1 microphones underneath the wircraft.

To develop average sound exposure level versus dis-
tance orspeed relations, the data for microphone 5 were
eliminated because they were consistently high. In addi-
tion, the dara from the other five microphones were
not simply averaged. More complicated caleulationy
were done hecause 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

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

Sound Exposure Level Versus Distance

Figure B illustrates the developed SEL versus distunce
for level lyovers at a speed of 100 knots (300 i1 AGL)
for the UH-60A. Figure 8 also contains the SEL versus
distance curve developed for the UH-60A landings. (For
the heavily loaded “landing,” the UH-60A actually
brought the sling-loaded water buffale in to the landing
point and hovered with the buffalo resting on the
ground.y As with the 1974 Fort Rucker data, the heav-
ly loaded aircraft is about 2 dB louder than the lightly
loaded afrcraft, and the landing creales substantially
more noise than a level flyover.

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

Hover Data

Table 4 lists the in- and out-ofground effect hover
data{Lyg) faken at the eigh! measurement positions for
the various aireraft. Raw data are in Appendix B.

CERL Technical Report N-38 included generalized
hover contours and a table of parameters to be used
for individual airerafl. The duta gathered at Fort Camp-
bell have been combined with the original data from
Fort Rucker to form a revised set of peneralized hover
contours and individual airevaft parameters. Table 5
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 aireraft, if treated as an omni-
directional source. Together, these tables yield a pener-
alized hover emissions pattern scaled to each aircraft.
To form these composites, the 400-ft data for Fort
Camphell were converted to 200 ft for the UH-60A
and UH-TH, and to 300 ft for the CH-47C using a
factor of 7 dB attenvation for doubling of distance.
(The discrepancy between the measured UH-1H data
gt Forts Campbell and Rucker {5 discussed on p, 15.)

Variation of Sound Exposure Level With Spaad

Figure 10 illustrates the measured variation of SEL
with speed [or the CH-47C at a slant distanee of 500
ft. The data are shown separately for the 300-ft and
1000-f-AGL fyovers. Figure 11 presents the same type



of data for the UH-1H, Figure 12 illustrates the varia-
tion of souml exposure level with speed for the UH-
BOA—agwn al p slanl distance of 500 it In this case,
the data are presented for heavily and lightly loaded
A00-fr- and  1000-fr-AGL
yovers, The data in Figures [0 theough 12 are largely
independent of aireraft altitude, slant distance, or load.
Thus, composite curves can be constructed, Flgure 13
ilustrates the compusite variation of SEL with distance
for the three airerafl studied, Figure 13 is o generalized
curve normalized to 0 dB at a speed of 100 knots,

atreraft  rather than Tor

Direct messurement of SEL versus aircraft speed
s one way Lo determine the speed relation. Another
approach is 1o measure the varfation of the Ysec
maximum Ly with speed. The variation should be
equal to that of the Y-sec maximum minus 10 log (-
craft speed). Flgures 14, 15, and 16 present data for
the Yesec maximum Leg of the airerafl operations and
slant distances shown in Figures 10, 11, and 12, Again,
the data and curves are largely independent of aircraft
fieioht or load. Figure |7 illustrates the composite
curves Nor the thiee alrerall; these curves were developed
using maximiin Leg plus the theoretical variation of
Myover duration with speed,

To compare the varation with speed of SEL and
maximum ¥-sec Ly, the quantity 10 log (velocity/
100} was added 1o the curves of Figures 12, 14, and 15
to form Figures 18, 19, 20, and 21, The data in Figure
21 were then compared with those (n Figure 17 by plot-
ting the difference (Figure 22} Table 7 listg the data in
Figures 17, 21, aind 22, The differences are small, show-
ing that the varation of SEL with speed cun be approx-
imated by the variation of Lyg with speed minus 10
log (velocity] plus o constant. The tables in Appendix
C list the date from Figures 8 through 22,

Comparison of Fort Campball and Fart Rucker
Results for the UH-TH Aircraft

Figure 23 presents the SEL versus distunce curve
developed for level flyvovers (lightly loaded) at 50 knots
and 300 ft AGL. The values at Fort Campbell are 3 to
4 dB lower than those al Fort Rucker. Figure 24 pro.
vides a similan comparison for landings, Again the values
are 3 to 4 B lower at Fort Campbell than at Fort
Rucker, Tuble 8 presents the maximum Yesec
Far several micrephones al Forts Rucker and Campbell,
These differ by 4+ dB or more. The table also compares
the 200-t1 corrected average (energy) hover Leg for in-
pround and out-of-ground effects at the two forts.
Table 8 also shows that the Lyg values for the in-ground
effect hover are ubout 3 1o 4 dB lower at Fort Camphbel]

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

The UH-1H aircraft measured ot Forts Rucker and
Campbell are essentially the same. There have been no
muodifications Lo blades, transmissions, or engines. The
pily known change is the mstallation of dynamic blade
balancing hardware during 19474, For level yovem, o
dynamically batanced UH-1H airerall exhibits blade
alap in the speed range ol 65 to B0 knols. Withoul
dynamic baluncing, this range may be shightly wider
because the region of tipfwake vortex mieraction in-
creases. Thus, the 80knot data from Fort Rucker
could well be 3 to 4 dB louder than the same measure-
ments at Fort Campbell. A similar effect may oceu
for landings.

Why are the out-ol-ground elffect data similar while
Fort Rucker’s in-ground effect data are higher than
Fort Camphell’s? Here, blade/vortex interaction is not
a lactor, However, the answer may lie in the measure-
ment surface. The hover area used at Forl Rucker was
the installation’s helicopter parking, and hence was
alimost entirely paved; the aren at Fort Campbell was
grass. Theoretical computer analysis? shows the hand
surtace increases measured in-grovnd effect readings (a
200011 by about 4 dB, but anly inereases oul-of ground
effect readings by about 1-%2 dB. Thus, the measure-
ment surface may contribute to the differences in hover
leveels,

Other reasons for the difference in levels might in-
clude changes o light procedures, environmental fac-
tors affecting the measurement, or errors i measure-
ment, At both installations, Army pilows flew the same
type ofatrcraft 300 ft AGL ot a speed of 80 Knuots, main-
taining vonstand altitude. In bath cases, the pilots per-
formed in-ground and oul-olground effect hovers, In
both ceses, measurements were made durng warm
weather, and the flyovers were perfommed in 4 gross-
covered ared with some lrees nearby. (However, at
Fort Campbell, the forests surrounding the cleur area
were much thicker than at Forr Rucker.y In both cases.
independently operated and calibrated measurement
systeins were used. The two spstems ol Fort Rucker
produced inmternally  consistent measurements, as did
the twa at Fort Camphell. While environmental fuactors
may have affected the total integrated exposure level,

"I'his analysis is based on B, 1. Donate, “Propagation of o
Spherical Wave Near a Plane Boundary With a Complex Impe-
danee,” Jourmal of the Avowstical Sociery of Amerdca, Yol
60, No. 1 {July 1976), pp 34-39.



itseems unlikely that they could have affected the max-
imumn ¥%sec Log, or the hover data measured at dis-
tances of 200 io 400 (i Also, the two independent
measurement systems used a1 each installation tend to
rule out the possibility of measurement emror. Thus,
the only known plausible explanations for the large
vanations recorded are the dynamic blade-balancing
procedure and the “hard™ hover surface area a1 Fort
Rucker.

CONCLUSIONS AND
RECOMMENDATIONS

SEL vemsus distance curves for the UH-60A and
CH-47C were developed. For the UH-60A, the data
show thut a heavily loaded aircrall is about 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 speed is rather madest,
except Tor aircraft at very low or very high speeds The

Table 1
Dynamic Openations Performed at Fort Rocker
Begmning Ground Track (GT)
Thperation (depreas)
I. Lewel 360
L Level 180
1. NOE®* J60
4. NOE | 6
5. Ascent 360
6. Descent 150
7. Descent &0
& Ascent 180
9. Left tum 315
10. Right turn 45
11. Right turn 223
12 Left turn 135
13. Landing 180
14, TaukeolT 180

*Nap of the earth (NOE) aperafions were not used in the
analyuls becuuse of the inability o predict areraft position.

variation of SEL with speed data will be incorporated
in CERL's INCS system and, thus, will be available
when (1) aircraft speeds differ significantly from the
typical speads, (2) the situstion warrants this precision,
and (3) the aircraft operational duta are accurale enough
to relisbly indicate sircraft position, altitude, and
speed as a function of time.

The measurements at Fort Rucker showed great
intemal consistency. Four gircraft of the same type
measured during the same testing pericd at the same
site mnd with the same equipmenl yielded similar re-
sults. The messurements at Fort Campbell also showed
greal internal 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. Beter methods need to be devel-
oped to control site terrain and environmental factors,
and to account for the effects of variations in main-
tenunce 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
Helicopier Lisling
M oaded Condition
0H-38 ormal
AH-1G Norrmal
UH-1M Mowmal
UH-1H Maximwam ur Nurmal
UH=-18 Manimam or Noemal
CH-4TH Maaimum or Normal
CH-54 Maximuam or Normal
TH-55 Mormal
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20
i1

22
23

25
26
ri)
28
29
30

*LI = level Nyaver; 1GE = inground effect; OGE = aut-of-ground effect.

Dynamic Operations Performed at Fort Camphell

Uperation®

LI
LI

Ll

LF
LI
LI
LI
LI
LI
LI
LI
LI
Lr
LF

Lunding
IGE Hover
OGE Hower
Tukeott

LF
LF
LF
LF
LI
LF
LI
LF
LF
LF
LE
LF.

Aircralt Hover
UH-1H 1GE
{Unloaded)=* OGE
L H—611-A 1GE
U loaded)** G
LIH=61- A OGE
(Lisaded)**

CH-47( 1GE

(Ualoaded)t QGE

FFromnl of aircrall is 0",
*FFrom Tahle BS.

tHrom Tahle B8

Table 3

by CH-47C and UH-1H

Altitude (1}

A
RTIIN]
i
300
0
3an
o
Jun
00
300
300
3o
A0k
00

1 B0
(KL{]
(000
(LN}
(KNI}
10000
(AR
|00
[ 000
1M
1400
(LN

Speed (knots)

B
4o
a0
4n
1010
1{H)
61
60
124)
124
Bl
B}
100
100

bl
80
(K]
1060
120
120
L]
il
10
1o
80
N

Tuble 4

Average {Energy ) Measured Data (dB)
- Pagition {degrees)*

0 45 90 135 180 125 270
4.1 a6 T5.8 751 155 5.3 7.9
THE  BLS 34,4 B6.0 K50 B5.5 H0.5
Tl 755 M9 TE3 772 TR0 T
BO4 795 864 Bl6 B34 Bl4 BLY
1.0 BOG  BE 8.2 KR5S B2ZO  TBAO
84,3 HG.5 6.9 812 B3 T5.8 T
B4.7 BE.1 He 3 813 B1.9 Bl.6 82,2
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GT (degroes)

315
T4.2
THT

7.5
(i He

A6

BT
B4.9

1R0)
104}
1E{}
1Ll
180
(RNLY]
280
100
180
106
280
(RNK]
280
100
28U

280
140
280
(L1N]
2BD
10
IR0
(LIH]
2BD
100
2B
101
1810

Average
T6.7
B34

76.8
B1.9

B4.0

B3.3
0.6



Table 5 Table &

Hover Directivity Versus Position (dB) Energy Average A-Weighted Hover Sound Levels (dRB)
(0" Is Front of Aircrafi) (To Be Used With Table 5)
Single Ruotor Duzl Rotor Ajreraft Surface Ihstance i feet) GE OGE
((verall Average. {Overall Average,
Position Table BT) Table BID) AH-1G Hard 200 Bal 7.8
OH-58 Hard 200 Bl4 B1.7
0 4.1 +0.2 UH-1B* Hard 200 Bs.9 901
45 1.6 +18 UH-1H* Hard 200 BE4 9.8
£ 0.6 +15 LUH-1H** Saft 400 6.7 834
135 +1.4 0 UH-1M Hard 00 B6.2 B899
180 +1.1 -1 UH-60A* Saf 400 B1.7 83.1
225 +2.3 -3.0 CH-47A/B* Hard 300 202 918
270 0.4 -3.3 CH-47C** Soft 400 833 456
240 —-2.4 =1.1 TH-55 Hard 200 A48
~ *Dual load,
**Light laad.
Table 7
Dvifference, in Decibels, Between Composite Speed Variation Functions
(Lyg vs Speed as Compared to the Function SEL Plus 10 log [v/100] vs Speed)*
Figure 21 Composita,
Figure | T Composite, SEL + 10 log (v/100 knots) Difference,
Speed (knots) l...t'uSpud‘“ vi Spesd*** Figure 22t
CH-47C  UH-IH  UH-60A  CH-47C  UH-IH  UH-60A  CH47C  UH-1H  UH-60A
40 16 .4 4.3 3.7 -3.7 —4,7 i 4.1 0.4
6l 2.2 4.0 —3.6 2.8 —4.0 2.8 —{.6 .0 0.2
BO 0.9 23 —1.6 0.7 —23 1.5 0.2 0.0 0.1
100 n.n 0.0 o0 0.0 (LR Y 0.0 0.0 0.0 0.0
120 0.1 49 21 1.3 6.1 23 —1.1 —1.2 0.2
140 1.8 E B | 19 4.0 -21 0.3

*Dats for 300-1t and 10001t AGL are combined.

**From Table C3.
***From Table C4.
tFrom Table CS.
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Table 8
Comparison of Fort Campbell and Fort Rucker UH-1H Data

Fort Rucker Fort Campbell iiference
IGE: hower - 204 [0 HE. 4 §5.7 17
(Foert Campbell correcied + 7 dB
for distance and +2 dB Tor
light load)
OGE hover - 200 ft 9.8 M4 +04
i{Fort Campbell corrected +6 dB
for distance and +2 4B For
light load])
Max. Yesee Lyg
Mikes 1&4% 91.7 B52 +6.5
Mikes 285 88.2 H4.0 +4.2
Mike 3 54,9 7 +4.2

*The 6 dB difference (high reading at Fort Rucker) may be caused by the very loud noise during
the few seconds just before the alroralt went overhead. This may result from retreating blade fvortex
intersction. Since it was a shori-lived effect. it does not influence the SEL greatly.
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*
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Figure 6. Direclivity effects—300 [t AGL.
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Figure 7. Directivity effects— 1000 fi AGL
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Figure 21. Composite curves of variation of SEL + 10 log (v/100 knots} with speed at 500 ft.
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Figure 22. Difference of Ly, versus speed and SEL + 10 log (v/100 knats) at 506 f1.
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Figure 23. UH-1H-variation of SEL with distance at 80 knots (level [lyovers).
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18, LANDING
(AT CIRCLED ® |
GT 280°

d
E==1N——

TEAR DROPF
TURN

RADIO CALLS
A. AT TURN:
(1) “STARTING TURN"
(2) “TURN COMPLETE, STARTING RUN"

B. AT TOUCHDOWN :
“TOUCHDOWN MARK

Figure A3. Instruction sheet for lunding -Operation 13

i5. LANDING

Heading 3&0

At | /2 miles before runway, after turn,
radio "Mark"

At touchdown, rodio another Mark

Touchdown Time /026

Engine Exhoust Gas Temp 560 -600
Fuel Weight 3450
Indicated Air Speed 7

Figure A4. Pilot's entries for landing.



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.)
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v

LEVEL FLYOVER
GT

SPEED | e KNOTS f
M

ALT_AGL

; L.

o
TEAR DROP TEAR DROP
TURN STRIP __ TURN
L T
- t, "= "\.:'I
1 1/2 ] I e

RADID CALLS AT EACH 1 1/2 NAUTICAL MILE TURN

(1] STARTING TURN
(2] TURN COMPLETE, STARTING RUN

Figure Al. Instruction sheet for a level flyover—Operation 14,

I4. LEVEL FLYOVER- GT _/00°
Altitude 30O fget AGL

Speed _ /OC knots

Heading

Run Initiation Time /023

Rotor RPM £35

Torque 32%

o N, 85 -8

Engine Exhoust Gas Temp 620-630
Indicated Air Speed /o0

Fuel Weight 3650

Outside Air Temp 28 °c

Figure A2. Pilot's entries for level flyover.



9

I6. IN=GROUND EFFECT HOVER
I7. OUT-OF-GROUND EFFECT HOVER

’u
[

& MOVE 200 FT ALONG RUNWAY FROM
LANDING POINT, ® , TO PLUS SIGN, +

B. TOUCHDOWN WITH ENGINES ON
C. BEGIN IN-GROUND HOVER ON RADID COMMAND

0. BEGIN QUT-OF-GROUND HOVER ON RADWO
COMMAND

Figure AS. Instruction sheet for hovess—Operations 16 and 17.

I6. In-Ground IT Qut=of=-
Effect Ground
Hover Effect
Hover
Altitude o' 50'
Head ing 100 100
Rotor RPM 235 235
Torque 40 7% Y44 %
Ta N 8?'_86 &S"B?
Engine Exhaust 640-660 650-670
Gas Temp
Fuel Weight 3400 3350
Time IC?Z‘? f030

Figure A6. Pilot’s entries for hovers



LE

IB. TAKE OFF

GT 280°
? N
¢ ]

TEAR DROP
TURN

{\:‘ - =3

12 4]

RADID CALLS:

(1} "BEGIN TAKE-OFF MARK"

[2) AT 1/2 NAUTICAL MILES,
"STARTING TURN

Figure A7. Instruction sheet for takeoff O eration 18
F

18, TAKEOFF

Heading 2

Engine Exhaust Gas Temp 630 - 660

Fuel Weight .3!'50
Indicated Air Speed 1/
Time 040

Figure A8. Pilot's entries for tukeaff,



APPENDIX B:

HOVER DATA
Heading
Set  (degress) Type
] 100 IGE
] 100 OGE
2 50 IGE
2 50 OGE
Heading
Set  (degrees) Type
3 95 IGE
i 95 OGLE
4 280 IGE
4 280 OGE
Heading
Ser (degrees) Type
3 a5 IGE
3 95 OGE
4 180 IGE
4 150 OGE
Heading
St (degrees) Type
5 100 IGE
5 1 ey OGE
fi LO0 IGE
t 1060 OGE

Table BI
UH-1H Hover Dats (dRB)
Miczophone
1 1 3 12 13 4 5 15 2 b 4
T2 696 B0 TiI4 T02 - 7139 T1L.S RSAE 754 616
873 B74 B13 TT0 762 - B6.4 B1.1 916 887 711
7.7 a6 759 761 BOS TR1 TIB 170 793 BO.9 TL7
819 7195 799 BRO4 BLS BOS B4.5 BO.1 B39 B2E TS50
Table B2
UH-60A Hover Data- Unloaded idB)
Microphone
I 1 3 12 13 14 5 15 2 [ 4
TH.1 70.7 750 774 T47 17.8 T3 BlL2 Bl 707
129 - 79.4 803 B1S 7.8 HG.H BALT B3I BB 754
6.7 T62 TET TI46 Te0 THO T6.E 7Y Bl BOY 722
T63 80T T8I 801 EIBE H14 RIS 794 HIE EL2 T40D
Table B3
UH=60A Hover Duta- Loaded (dB)
Microphane
| 11 a 12 13 14 5 15 2 b 4
B49 - B0.7 B0 EB13 B69 887 9.3 757
883 - 819 81.2 790 815 9p] 930 744
835 HI6 TE4 B16 B1.2 BO2 EL2 791 BHOD ELS T6E
3.2 BX3 775 HBDE BDE K14 BSS5S 824 858 BS3 759
Table B4
CH-47C Hover Data (dB)
Microphone
1 1 3 12 13 14 5 15 2 1] 4
830 743 TED 81D SB40 BRI 867 B854 EIE 770 EA3
8.7 776 B89 B4E B5E B7E ®92 BEe Bl6 BB 911
Tl 769 748 80) B46 H3.5 K70 TAT TRE T93 751
B0 BY7 HL3 849 BL3 SH4 470 BS54 HS4 R4 TR

k]



Table BS

Energy Averages of Fort Campbell Single-Rotor Aircraft by Degrees
With Respect to the Aircraft (0° &s Front of Aircraft): Table B1 Through B3 Data

Average 180 15 70 315 0 45 90 135
UN-1H
IGE 76.T T5.5 L | 1759 T2 T4.1 LT 758 751
OGE £34 3.0 853 805 BT Tes 815 B4 4 B&.0
UH-604
IGE 76.8 T2 T8O 4.8 775 7.1 .5 6.9 76.3
OGE 1.9 14 L4 LIR 725 B4 .35 B4 4 816
Laaded R0 855 810 TAD 16 BL.0 E06 861 832
Table B&
Difference From Average; Table 5 Data
Avernge 180 215 10 315 D 45 L 135
UH-1H
IGE 0.0 -1.2 |4 411 —1.5 -6 +3.9 -0,9 Lo
OGE 0.0 +1.6 L1 =29 —4.7 4.6 -1.9 +1.0 +L0
UH-60A
IGE 0,0 piid v1,2 —2.0 =0.7 #0.3 —1.3 +.1 -0.5
DGE 0.0 +1.8 0.5 (L0 —2.0 —1.§ ~&.4 +2.5 —B3
Loaded 3.0 +1.5 ~2.0 6.0 —2.4 —3.0 1.4 +d.1 +4.2
Table B7
Weighted Average of Single-Rotor Aireraft Directivity Change
Number of
Ajrcralt Average 180 2115 270 Ms o 45 G0 135
Fort Ruckes Duta® 63 (LR 10.9 +0.2 13 1.8 10 0.1 +1.1 «1.5
Furt Camplbell Data®* 12 e +11 +235 0.2 15 1R -1.9 -1.0 14
Owenall Averape 75 o +1.1 +12 04 14 L7 16 6 14
*From p 39 of CERL Technical Repaort N-18
**Fram Tablke Bb
Table B8

Energy Averages of Fort Campbell Dual-Rotor Aircraft by Degrees
With Respect to the Aircraft (0° Is Front of Aircraft): Table B4 Data

Average 180 128 1o 315 0 45 W 135

CHATC IGE k] ED3 75.8 735 80.7 B4.3 865 869 K32
CHATC OGE 836 19 Bl.6 812 B4 9 87 851 BE.3 1713
Table B9

Difference From Average; Table BS Datn
Average 180 125 10 s o 45 " 135

CH-ATC 1GE {0 3.0 T3 —~7.8 26 #1.0  +3.2 +3.6 ~0.1
CH-7C OGE irf 3.7 4.0 —3.4 0.7 =05 4215 +1.7 +1.7
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Table B10
Weighted Average of Dual-Rotor Aircraft Directivity Change

Sumber of
Aircral Average 180 125 70 s 1] 45 0 135
Fort Rocker Daw® 4 0o 33 ~54 —5.1 L5 +0.2 +19 +3.2 +0.9
Forn Campbell Data** 4 0.0 ~1.1 1.4 —20 —.8 +0.1 +16 +1o -1.1
Uverall Average 8 0.0 -1 10 -33 ~1.1 +0.2 +18 +15 0.0

*From CERL Technical Report N-38.
**From Table BY.
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APPENDIX C:

DATA FOR FIGURES 8 THROUGH 22

1040
LIH-60A
Unloaded 85.9
Loaded 045
Unloaded Landing 403
Loaded Landing 106.2
CHATC
3000 £ 0949
TOO0 fe 93.9
00 1 Landing 106,49
CH=47C
3001
1000 e,
LH=1H
RINANYS
1 DM e,
UH-60A
Unloaded
Loaded

Table C1
Yariation of SEL With Distance at 100 Knots (Figures 8 and 9)
20 30D 500 1K 2K IK 5K 10K
2.4 90.9 BE.4 84.5 BOLE 781 T4.2 67.7

91.5 HE.5 B 81.5 .6 16.9 (ER Gh.8
97.2 953 918 39.1 E4.9 #1.1 71.% 1.0
103.0 1011 G8.6 4.4 Q.4 B7.4 829 752

91.8 i1 R1.6 .2 804 xR 4.6 64Y.4
0.8 KO0 B b 831 T9.4 6.4 (EX 685
103.H 1020 99.6 6.2 924 B9 46.3 &{1.5

Composite (Normalized

ta 10 Konots)

CH-47C
LH-1H
LH-50A

CH-ATC

300 .

[NEMER IS
UH-1H

300 1.
100 1

L.

UH-40A
Unloaded
Loaded

Composite {Mormalized

fo 100 Knots)

CH-47C

UH-11

1

LIH-50MA

Table C2
Variation of SEL With Speed at 500 ft (Figures 10 Through 13)
40 41} B 1o 1200
94.8 | B9.B BT.6 48.1
AT.5 Hb.6 B4
91,5 HB.D H9.6 0.4 6.3
574 BT.5 HER 94,1
BT.1 87.2 B7.7 HE.4 89.3
Rl B7.1 h{ a7.1
nH 5.0 0.4t 1.4 24
1.5 -1.8 1.3 0.4 5.3
.7 —{h6 (L5 0.0 1.5
Tahle C3
Variation of Lgg With Speed at 500 ft (Figures 14 Through 17)
40 1] RO 100 120
R4.1 82,7 H2.1 T59.4 .6
BO.6 B1.3 K1.6
B3l TR.T B3 B3.1 576
78.7 B4 B2.2 7.5
T6.5 787 9.6 81.3 £3.0
6.6 7.9 7849 20.4
KN 2.2 0.9 (K1) 2
.4 —4.0 2.3 0.0 4.9
4.3 16 —1.6 g 21

41

20K

59.6
SE.H
62.3
65.5

63.0
6213
3.2

140

51,5
av.4

9413

140

84,2
789

Bd.6

0K

53.3
53.1
56.5
59.1

58.5
580
681

SOK

456
45.2
484
5.9

Iy

o Ln
ool
o0 ek 00



Table C4

Varintion of SEL + 10 log (v/100 knots} With Speed at 500 fi (Figures 18 Through 21)

0]

89.9

#5.0
#4.9

2.8
4.0
2.8

Table €5

A0

HE.R
BO.5

Ra.6
B6.5

R 7
R5.R

1o

B1.6
Bb.6

an.g
HE.R

RE.4
BT.1

0.0
0.0
(.0

120

48.9
7.6

9T.1
.0

LN

1.3
fil
2.3

Difference of Lgg With Speed Versus SEL + 10 log (v/100 knots)

With Speed at 500 t (Figure 22)

40
CHAC
J040 11, 0.8
100H) 1t
UH-=1H
3000 1. B6.3
1004 11,
UH-60A
Unloaded Ril
Loaded LER
Composite (Normalized
fov 100 K novis)
CH-4TC 37
UH-1H 3.7
UH-60A 4.7
41
CH-47¢C 0.1
UH-1H 4.1
LIH-60A (.4

60

0.6
0.0
.2

B0

0.2
041
N

1M}

0.0
0.0
(.0

120

=
ol el —

140

4l
BE.Y

1.8

39

4.0

140

-1

-1.3





