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ABSTRACT

A technique has been devised to measure the noise produced by a moving helicopter. The

eguipment used is easily portable, relatively simple, accurate and provides instant readout of
aircraft speed and altitude,

The sound pressure levels measured during the fiyovers have been corrected to a constant

200-foot distance from the source and polar plots have been prepared showing the corrected
sound pressure level by octave bands.
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A TECHNIQUE FOR MEASURING THE EXTERNAL NOISE
OF A MOVING HELICOPTER

INTRODUCTION

The noise produced by helicopters is of concern to the military for several reasons. Some of
these are the hearing hazard presented to crew and passengers, the annoyance to the community
around training areas, and perhaps most important, thé loss of combat efféctiveness caused by

early enemy detection of aircraft activities.

In general, the problems involved in measuring the intérnal noise of helicopters are weli
kriown (2, 6 & 9) while annoyance is-discussed in reference 3. The background of the detectiori
problem has been covered extensively by several authors (Loewy, Ungar,-etc.), and will not be
repeated here.

For convenience, the topic of acoustic detection of an object may be. arbltrarﬂy divided.intd
three broad areas: namely, the noise characteristics of the object, the medium- through which- the
no;se propagates and the detec‘or or hstener ‘hat recelves the no:se Thls report wm deal mamly

moving he!!copter

‘While methods-exist which may-be used to predict detection-distarices (5, 11- & 13), these
méthods need-accurate information- concermng the-sound source:in order-to be useful. A!though
¢onsiderable-theoretical work (8, 11 & 12) is being dohe on methods-of predicting the-noise
which will be produced by a given hélicopter, there is very little published-data:dealing:with
actual measurements of moving helicopters, Most external noise-measuréments-have been taken
Oh either d-hovering.helicopiér (7, showing maximum sound pressure level. (SPL).recorded of the
SPi_ versus time history of a-fly-by wiih the hélicopter a maximum of-a few. hundred feet from
tie measurmg microphone. This report describes a meéthod of collecting-acoustic data from-a
maving helicopter to:-permit the genération of a polar plot of SPL versus angle in a. vertical-plane
containing the flight path. This method may be used to compare SPLs produced by a variety of
aifcraft as well as to show the effects-of any ¢hanges made in a particular -aircraft. One factor
which is inescapably a part of a measurement program of this type is the atmosphere and its
efiécts on the acoustic-signals being measured: This program makes no attempt to measure the
acaustic characteristics of the atmosphere at the time of test but rehes instéad on published data.
Asmbient temperature and relative humiidity were measured at the time of test and these variables
weére used to choose the appropnate acoustic characteristics (4). The computer programs used for

data reduction are given in the appendixes.

METHOD

Our first attempt at recording a fly-over was at a quiet location at Aberdeen Proving Ground
(APG) where the pilot was instructed to:

1. Fly as straight a path as possibié over our microphones.
2. Maintain given altitude and airspeed.

3. Rzport by radio his passage over a nearby shoreline,
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Since distance. from the-shoreline-to our microphones was known- and-assuming a constant
airspeed, the lGéation of the aircraft couid be calculated at any particular instant.

] To check the accuracy of this location-method, we decided to mark the insta’nf;that the
= - helicopter was directly over the microphones. This was dor‘{e by clicking a tey “cricket”
1 : noisemiaker when-the airéraft was subjéctively determined to be directly over the microphone.

As a starting point, we requested-an altitude of 500 {eet and-90 knots indicated airspeed. As .
thé experiment progressed and the runs were made at higher altitudes, several problems.
develcped. The pilot reported that he was having difficulty lining up on the microphone site at
the start of his run at a distance of two to thrée milas, At the lower altitudes, the pilct was able to =
sigh* on various-features on the horizon such-as iree lines, power line poles and other-objects to
maintain-a straight line to our I6¢ation. ‘At thé.higher altitudes, these features dropped below the
pilot's horizon and were thus unavailable for course guidance, The pilot also reported that he was
having increasing difficulty in detérmining exactly whén he was passing over the shoreline. As
the data was being analyzed, it became obvious that thete were fairly large errors in aircraft
location. There was poor agréement between the time when thé-observer indicated that the
éin’:féﬁ was O’Véiﬁ’ead aﬁ?:i iﬁé tir’n’*é Wﬁen raiéu’!’atmns Ba§éd on au?épéed and dijstance from a
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We decidcd to consider other methods of either aiging an observer in determining aircraft
location or meéasuring: a:rcraft !ocat:on du’ect!y by automanc means Several altematwes were
discusséd- and discarde :
Measurement ‘Unit. -Matériel Testmg Dxrectorate then suggested usmg a ”sxyscreen" 1o detect
passage of the difcraft over a point.

A Skyscreen i$ a photo-electric-device 5o Zonstructed.that it detects objects passing through
a senSltwe a"ea E!ectrcmcal'y, the skvscreen senses a change in hght level reachmg a
exceeds- a sét value. The- elech :cai Circuitry is such that - s!ow variations in light level do not
produce an output. For this reason, clouds 37d changes in thé angle of the sun have little or no
effect 6n the opération of the skyscréen.

Preliminary trials shgg“\iéd that we could reliably detect aircraft passage at altitudes of several
thouséﬁa feet. Abbv(e 3500 feét dé'téctién becarhe ei’raﬁé but siﬁcé this was far in excess of the
difficulty was causéd by the skyscreen xtself of if in fact the asrcrart did not intercept the area
covered by the skyscreen. It appeared that the latter was the more likely reason since at 3500 T =
feet the width of the skyscreen’s active area is only 350 feet. W:th the lack of visual references at :

this altitude a possible effor of 175 feet on either side of a desirad flight path was not
unreasonable to expect.

il

i

i il b

2 The final configuration used during the acoustic tests is shown schematically in Figure 1 and
3 pictorially in Figure 2. The details of the skyscféen system are given in Appendix A. In brief, the
outputs of the skyscreens were used 16 start and siop electronic counters. The counters wére used
as accurate interval timers so_that they gave a precise indication of the time that elapsed between
a start &nd a stop pulse. Switches-wére used to ifiterchange the pulses from the skyscreens so that
the aircralt could make runs in'both.difections. For example, during a run from left to right, 553
would be used to start the countér used to measure velocity and $S4 would be used to stop this
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counter. During a run from right to left, however, 5S4 would apply the start pulse and $S3 would

apply the stop pulse. Skyscreens 1 and 6 were tilted off the vertical by the amount necessary 1o

cause their sensitive areas to converge at the nominal altitude chosen for the flights. By countérs
2 and 3, it was possible to measure the heighit of thé aircraft above the microphdnes. Skyscreens
2 énds were aligned so that their sensitive areas were along-the flight path rather than at rigEHi
angles to it. If these two skyscreens détected-the aircraft, we knew that the aircrait was on a path
within the rotor radius of being directly over the microphone.

Acoustic Data Coliection

A block diagram of the equipment used to record the aircraft flyovers is shown in Figure 3.
A calibration signal produced by a Bruel & Kjaer (B&K) Type 4220 pistonphone was recorded on
the tapes and served as the reference level during playback.

We found during our preliminary studies that applying a tone, or cﬁpk, as a marker on the
tape at the instant the aircraft was overhead was not very satisfactory. During an octave band
analysis of the tapes, there were, of course, octave bands which did not pas$-the tone and.
consequently there was no marker on the record of those particular octave bands. Rather than
attempting to genérate a broadband noise for use as a friarker, we decided to-try a different
approach. A circuit was constructed that applied a momentary short circuit across the-input of

the tape recorder when a pulse from SS3 indicated that the aifcraft.-was directly-over the

microphone. In this manner, we were able to get a distinct marker that was- indepéndent of
frequency and showed clearly on all the analyses.

The test site for tne acoustic measuréments was an abandoned airfield at APG. The
equipmeént was located at the extreme northern end of the north-south runway. The runway gave
the pilot a good visual reference for maintaining a straight flight path over the microphones. A
total 6f 12 runs was recorded. Runs 1 to 6 were at a nominal 300 feet altitude and runs’7 10 12
were at 600 feet. The direction of the runs altérnated so that the odd numbers were in the north
to south diréction while the even numbers were from south to north. Aircraft speed and height
for the first seven flights are given in Table 1.

The terrain in the test area was flat and there were no obstructions along the flight path,
‘The ground surface consisted of the broken-up remains of the old asphalt runway and the
surrounding area was covered with low grass.

The flights took place in the early morning hours to take advantage of low wind conditions.
Surface winds were two miles per hour or less from the north for the first eight runs after which
they shifted to the south at three miles per hour or less. The temperature rosé from 2890F to
34°F during the test period while relative humnidity varied from 78 percent to 63 peércent.

The microphone uséd was a B&K %" condenser microphone, Model 4134. The microphoneé
was otiented so that the diaphragm lay in a vertical plane which also contained the flight path.
When the microphone was oriented in this manner, sound waves from the aircraft always hit the

microphone at 90° incidence, thus eliminating pnssible problems with directional characteristics
of the microphone.
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TABLE 1

Aircraft? Flight Data

Flight True Air Speed
_Number (Knos)

78
59
77
65
77
65
76

BN T = T & B ~ S PN | T

241
27
238
271
272
305

526

Height Above Microphone
(Feet)

3The aircraft was a UH-1H SN 7059234.
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Data Reduction

The data reduction portion of the test program was broken into several hases as follows:

1. Determination of aircraft location in time and space,

2. Analysis of acoustic data into a sound pressure level (SPL) versus time history for each
octave band.

3. Combination of aircraft location data and acoustic data into a plot of the SPL around the
aircraft,

Determination of Aircraft Location

As the aircraft passed over the skyscreen equipment we obtained measurements of several
variables; (1) the precise instant at which the aircraft passed over the microphone, (2) the aircraft
speed, and (3) the height of the aircraft abov¢ the microphone. If we assumed that aircraft speed
and height did not vary significantly during a run, it was possible to determine the aircraft
location at any timé during thé run. For example, referring to Figure 4, if given a height, (H),
and speed, (V), the aircraft location, (L), at a time, (t), before the aircraft passes directly
overhéad is given by:

D=Vt
(Dﬁtan“’g
s= VD24 H2

However, since the speed of scund is finite, the sound received at the microphone when the
aircraft is at location L was zctually emitted when the aircraf. - . at location L', Again, referring
to Figure 4, “he location of L’ may be determined from:

7 ;2 V2 2
.. .(zs_g._ coso) + ‘/;S.ACL_cosa) - 41~ (__‘5- ) {- §¢)
201 - 843

where S = slant distance to actual location

S’ = slant distance to sound location
V = speed of aircraft
C = speed of sound in air
Since it was necessary tc calculate many data points in order to generate a plot of the sourd

field around the aircraft, we decideéd to investigate the possibility of usingacomputer to ease the
computational workload. The result was a FORTRAN language program which performed the
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functions diagrammed in Figure 5. The operation of the program is fully described in Appendix
B. The program used inputs of ambient temperature, aircraft sneed and height and an arbitrary
starting point to give as output & series of timnes, angles and slant-rangeés which- define the

aifcrait’s true loéation and sound location ini time and space. An éxampie of the computer output
is shown ir. Table 2.

Analysis of Acoustic Data

The tape recordings were played back using the equipment set-up shown in Figure 6. The
calibration tone produced by the pistonphone and recorded on all tapes was used to set all
reference levels in the analysis equipment. Each flight was played back through each octave band

filter from 63 Hz to 8000 Hz. The results were a series of octave band pressure lgvel versus time
histories for each flight.

Combination of Aircraft Data and Acoustic Data

The finai phase of the data reduction process consisted of correlating the location data with
the acoustic data and genérating a plot of SPL versus-angle around the aircraft. The SPL data were
read from the time hnstones at the times mdtcated in the location data. The marker olaced on the
was used as a time reference. An example of the resulting table- of SPLs for eatii octave band is
shown in Table 3. Although these SPLs could be directly plotted on polar paper; thé usefulness
of such a presentat:on is somewhat !amlted since each data pomt was measured at a- dnfferent

from the source and weé arbltranly chose 200 feet. In other words the data presented in the polar
plots représents the SPL that would be measured in a vertica! plane containing the fhght path, by

a microphone located at a constant 200 foot distance from the aircraft and -at various anglés
around the aircraft.

The SPL data was corrected to a constant distance by the well known relation (14):
SPLogg = SPLD +20 !og-z-% tea (D200}

where

SPL.?OO = sound pressure level at 200 feet

SPL.y = sound pressure level measured at distance D

a = atmospheric attenuation factor.

The « used for the calculations was obtairied from reference 4 using the temperature and
humidities recordéd during the flights. Table 4 shows the values used.
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Example of Computer Output for Helicopter-Location Program
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TABLE 4

Atmospheric Attenuation Factors, &, for Each Octave Band Used

ir Calculating Sound Pressure Levels at 200 Feet

o, in dB/1000 Feet in the Indicated Octave Bands ____

63

125

750

=00

1000

2000 4000 8000

N BN -

0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1

01

0.3
0.3
3.3
0.3
0.3
0.3

0.3

0.6
0.7
0.7
0.7
0.7
0.7
0.7

1.8
1.9
2.0
2.1
2.0
2.0
20

5.4 16.6 26.9
5.6 16.0 27.8
6.0 16.7 20.2
6.0 16.9 29.6
6.0 16.7 29.1
5.9 16.6 28.8

5.9 166 288
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DISCUSSION

Skyscreen

The skyscreen systern performed well in locating the helicopter in space and indicated the
instant that the helicopter was directly over the microphones. This system had several advar:tages
over other methods of locating the helicopter. Some of the advantages were:

1. Tre system was poftable and could be emplaced at any desired location. This
contrasted with a radar systemn which was usually fixad an. .herefore limited the test area to the

vicinity of the 1adar set. A mobile radar set could be used, of course, but the cost of such a
systern would be {ar in excess of the skyscreens,

2. The operatoi was removed from the system. This eliminated problems of reaction
time and subjective judgments of helicopter location.

3. The system provided an immediate readout. This would not be the case with, for
example, a system that used photographic means to measure helicopter location.

A disadvantage of the skyscreen system was that it required 110VAC power for operation.
Howe\fer, since the power requirements are fairly low, it is possible to operate at a remote site by
powering the sysiem from a smal! acoustically treated engine generator set or a DC-AC inverter.

This gives complete freedom in site selection since all of the acoustic equipment carn be battery
operated.

Acoustic Data Reduction

The analysis of acoustic data from z moving source had several opposirg requirements. For
example, since the sound pressurz was changing with time, one requirement of the measuring
system was that the icv~i indicator have a response time fast enough to follow the changes in
level. A fast response time, howevér, was directly contradictory to another requirement; namely,
that the measuring system have a long averaging time in order to accurately measure the random
components of the ncise.  Since the averaging time necessary for a given accuracy decreased
as the bandwidth of the analysis systern increased, we used the stenidard octave band filters from

63 Hz to 8000 Hz so that we could use a short averaging time and still have reasonable confidence
in the accuracy of the measuremer:s. A further ir wucement to use full octave bands, at least for
this program, was the sheer number of data points which had to be read. For example, for one
flight there were about 400 data points. Analysis by 1/3 octave bands would increase this to
120C points. Since we had to manually read the data points, we felt the additional time required
was not justified at this time. However, if suitable equipment becomes available 10 shorten the

time required to read the data, it will be a simple matter to replay the tapes for analysis as
desired.

Computer Prograris

The effort to lighten the computational requirements by using computer programs worked
very well. As mentioned earlier, the only phase of the data reduction process that was not
automated was the reading of SPL levels at the appropriatc times on the SPL versus time records,
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Onge the SPL qata was put ~n punched paper tape, all other operations, from the calculations of
helicopter location to the final plots, were carried out automatically.

Atmospheric and Tefrain Effects =

As pointed out in the Method Section, nc attempt was made to measure the acoustic
characteristics of the atmosphere at the time of the test. However, it should be possible to use
data from flights at two different altitudes to actually calculate atmospheric losses. For instance,
if one flight was twice the height of another, the levels when the aircraft was directly overhead
should differ by 6 dB {20 log<¢#-) plus an amount that depended on the frequency of the signal
and the atmospheric losses. Of course this only applies if we assume that the source levels were
identical for each flight; or we could possibly apply a correction for a different source level. One
way to do this is to examine the differences in the lowest frequency band where atmospheric
loss=s are very small. Then we could assume that any difference in the levels not attributed to the

= factor 20 iog—*«B-i— was caused by a difference in the source level. We could also use the same methcd
4 to calculate lossés at anales other than 90°.

The effect that the terrain has on sound propagation from a helicopter is not very well
known, However, there is general agreement that terrain effects are small at angles of greater than
7° (2) to 10° (15). The primary problem in defining terrain etfects lies mainly in the nearly
infinite variation in terrain features from place to place. Data is available that may be used for
particular terrain, such as grasstand and jungle (2). Since our test site did not fit the available data
we did not calculate SPLs at angles less than 10° or greater than 170°. Since present tactics
provide that many missions will be flown at “tree-top”’ or ‘"nap of the earth” leveis where angles
will be less than 107, this presents a serious omission for operational purposes and further work
should be done in defining terrain effects. We do, however, report the measured SPLs at all angles
for which we have data. Examination of the tables shows that at some of the higher frequencies
data is not reported at angles less than 20° - 30°, This accurs for several reasons: (1) the source
level is relatively low at high frequencies; (2) high frequencies are rapidly attenuated by the

atmosphere; and (3) the dynamic range of the recording system limits the minimum signal level
which may be recorded.

Applications

The methods given in this report may be used (1) to gather accurate data which may then be
compared to data predicted from theories of helicopter roise generation, (2) to standardize data
collection and reporting so that various types of helicupters may be directly compared, (3) asa
basis for a prediction of detection distance if given detection level criteria, and (4) possibly as a
means for measuring atmospheric attenuation of acoustic signals.




=4
=
E-
e
5h
ki
&

.

it I i

TRt N e

A

i S R

_
=
=3

™y

) i A

Rk

ot S

SRR

g

LA

R

RESULTS

Although a tetal of 12 flights were recorded, cnly the first six were completely satisfactory.
On these six flights, we were able to measure the speed, altitude and proper path of the
helicopter. It tripped both skyscreens (2 and 5 in Fig. 1) which were used to indicate that the
aircraft was on the desired path over the microphone. On the remainder of the flights, while we
were able to collect good acoustic, speed and altitude data, we did not get an indication that the
helicopter was on the proper path. Since the weather became rapidly unsatisfactory after run 12,
we were forced to stop collecting data before resolving the problem. In spite of the fact that
flight 7 was off line we decided to include the data simply for ccmparison with the lower altitude
flights but, since more than 400 data points must be read for each flight, we Jid not read the data
for ilights 8 through 12.

The sound pressure levels, as measured in each octave band, are given in Appendix C along
with the corresponding location data. The sound pressure levels, as calculated for a constant
distance of 200 feet, along with their corresponding angles, are given in Appendix D. The polar

plots of SPL vs angle by octave bands for one flight are shown in Figures 9 thru 16. All flights are
shown in Appendix E,

Examination of tha polar plots showed that the first two octave bands (63 Hz and 125 Hz)
were stongly directional with a difference of approximately 20 dB between the maximum and
minimury SPL. An interesting feature of the 125 Hz plots was the “notch,” or drop, in SPL in
the 30° to 50° region. This notch seemed to be somewhat speed dependent since for flights 1, 3,
and 5, which had speeds of 124, 131, and 129 feet per secord respectively, the notch occurred at

about 359, The speed tor flight. 2, 4, and 6 was in the area of 39-110 feet per second and the
notch shifts to the 45° - 50° region.

The rest of the octave bands showed less and less directivity until at 1000 Hz and above, the
SPLs showed little change with direction.

CONCLUSIONS

1. The method presented is capable of providing accurate SPL measurements of a moving
heiicopter.

2. Data covlected in this manner could be used to directly compare different helicopters.

3. Theories of helicopter noise generation may be checked by this method of data
collection,

4. Present understanding of terrain etfects is not sufficient to permit accurate estimates of
propagation at angles of less than 100,

18
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RECOMMENDATIONS
It is recommended that:
1. Further work be done to gather data and devise methods of predicting terrain effects.

2. This method, with modifications if nacessc.y, be used as a standardized method of
measuring helicopters in flight.
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APPENDIX A
SKYSCREEN SYYSTEM

The skyscreen system shown in Figure NA is used principally for measuring the velocity of
projectiles in flight. This is done by a combination of optical and electronic devices, The optical
portion consists of lenses and various apertures used to form a fanshaped field of view as shown
in Figure 2A. The ambient light is focused on a photo cell threcugh which an electrical current
flows in proportion to the amount of incident light. The electronic circuitry is such that slow
changes in light level have no effect on the output of the system. However, if a moving object
enters the field of view and blocks more than approximately three percent of the sensitized area
the system prodices a single sharp electrical output pulse. The final portion of the skyscreen
system is an electronic counter used to measure the time between two pulses. The skyscreen is
mounter] on a tripod which has leveling indicators as wel! as mechanisms for accurately aligning
the lens system in azimuth and elevation.

If we now set two skyscreens a known distance apart, we can determine the velocity of an
object which intercepts the field of view of each skyscreen by measuring the time it takes the
object to traverse the distance.

The test set-up used during the flyover measurements is shown in Figure 3A. Switches were
provided to interchange start and stop pulses so that runs could he made in either direction. The
height of the aircraft was measured by using skyscreens tilted off the verticel such that their
sensitive areas intersected at the nominal height chosen for each flight. For a run from left to
right SS1 starts two counters while SS2 stops one counter and SS3 stops the other (Fig. 4A).
The time intervals indicated by each counter will depend on whether the aircraft is at, above or
below the correct altitude. If the aircraft is at the correct altitude, it will intersect the fields of
§S2 and SS3 at the same instant and the two counters will show the same elapsed time. If the
aircraft is hig, it will intersect SS3 before SS2 and time interval 1-3 will be shorter than time
1-2. The revirse will be true if the aircraft is low.

Referring to Figure 4A, assume an aircraft with velocity V is following the path shown:

Velocity V is measured using SS1 and SS4 which are a known distance zpart. Augle o
IS known since it is set to produce an intersection at the desired height, H". Angle B is known
by similarity to «.

01 = Vlity_ o) where t1_5 is time interval 1-2
D, = V(ty_3) where tj_zistime interval 1-3

DS = Dz - 01 =\ (t1_3 - t1_2) = V(A1)

5= M. =.M_
tanp D= VA0
2

o
——————

2
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Buttanf =tana = HN/B/
z

v=0N V(41
B

80

or H=HN—M

If the aircraft is above Hpy, M wili have a neqative sign and wil! be added to  Hy to give the
actual height.

During the flyovers, the measuring microphone was set up within a few feet of one

vertically oriented skyscreen. The pulse from this skyscreen was used tc put a2 marker on the tape
recordings to indicate the instant that the aircraft was overhaad.
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APPENDIX B
CALCULATIONS AND COMPUTER PROGRAM

This appendix describes the calculations and the computer program used to deiermine the
“visual”’ and “sound” location of a helicopter fly\ng a flight path directly over & microphone
being used to sense the noise produced by the helicopter. Referring to Figure 18 the microphone
is located at M, end the helicopter flying in the direction indicated, at specd V and height H, is
located at L. Since the speed of sound is finite, the sound being received at M when the
helicopter is at L was actually emitted when the helicopter was located at point L' . For any
given distance, D, from the microphore:

s=\o2+n2
@= tan~! —B‘

a=180° -9
By the law of cosines:
iS')2 = 524+ RZ - 2SR cos « (1)

Since the distance R is equal to the speed of the atrcraft times the time it takes scund to travel
fromL' toM

R=Vxt
But time t is siso equal to distance S’ divided by the speed cf sound C:
t=5/C
C is calculated from:
C=49.03VT +450.7
T = temperature, degrees Fahrenheit

R=Vx-§-

Substituting in (1):

(812 =52+ (VS )2 — 2SVS'  cos «
C c

Collecting terms:

(512 (1-6h2+5 (25 ¥ cosa) 82 =0
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Solving for S :

Voo 2 12y (—g2
o - -(25 = cos @) & ‘/(25 Mg cos a ) -4(1-—(—%) ) (—85%)

201-861%

Then®' =arc sin—g‘,

The program uses the preceding relationships alona with data furnished by the operator to

calculate a series of polar cocrdinates defining flight paths of the helicopter. In running the
program the operator inputs:

(1) aircraft speed, feet per second

E (2) aircraft height over microphone, feet
33
% (3} air ambient temperature, degrees Fahrenheit

(4) ground distance to the desired starting point, feet

Input {4} was determined by examining the SPL versus time records for each flight. Since
the instant that the aircraft was overhead was clearly marked on the records, we could easily
determine the time in seconds to the beginning of the record. Knowing the speed, (V), of the
aircraft and the time, (t}, to the beginning of the record we can calculate the ground distance,
(D}, of the aircraft from the microphone at the beginning of the record from:

DMAX =Vt

Most of our flights had a t of 60 seconds giving maximum ground distances of G009 to 8000 feet
degending on speed.

TR TR A e e R

Referring to the flow chart in Figure 2B we can see that the first data points are output

assuming a time t 2qual to zero. Time t is then advanced by a set amount and a new D is
calculated which is equal to

T o T

ik

D=DMAx-Vt

where t is the time elapsed since the beginning of the record. Using the ~=w D walue a set of
corre~conding slant ranges and angles are calcuiated. The program then tests for the dgifference
between the new angle and the 1ast angle cutput. If the gdifference is less than three degress, time
is again advanced and a new angie calculated and tested. This is done repeatedly until the
difference lies in the range of three - five degrees at which time the new angle is output. We
settled on this method of generating data points since the angle from an observer to a helicopter
changes slowly when the helicopter is some distance away. The angle rate of change increases
rapidly until it changes at a3 maximum rate when directly overhead, ard then, once again chariges
at a slower and siower rate. If we had chosen to plot points at equal time intervals we would have
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been faced with the problem of too many points when the angle changes slowly and not enough
points when the angle changes rapidly. By choosing to use equa' angle intervals, time is allowed
to change by a variable amount necessary to generate the chosen intervals. Consideration of the
acoustic data read-out problems lead us to set 0.1 second as the minimum interval acceptable, but
this posed no special problem since at our nominal values of 300 feet height and 135 feet per
second speed the maximum rate of change of angle is 2.6°/0.1 second. To account for flight
conditions that differed from nominal, the program was written so that it would output a data
point and not “‘hang-up” if the minimum time change of 0.1 second produced an angle change
not in the range of three to five degrees. For example, in some cases a time change of 0.1 second
produced an angle change of about 2.9° while a time change of (0.2 second changes the angle by
5.8°. Since neither angle value is in the acceptable range, and unless this possibility is taken into
account in the program, the machine will continue to oscillate between the two values and never
output a value. The program was so written that if this problem occurred, the angle change
associated with a minimum time change of 0.1 second would be output regardless if it met the

criteria of falling in the range of three to five degrees. The program will also stop if the value ot
the angle exceeds 176° or if tne total time exceeds 180 seconds.

The complete program as written tc run on the GSA RAMUS system is shown in Figure 3B.
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1230
VASE

1130
1187
1240
125¢
1‘3 k Fad
1357
1432
1450
1547
158¢C
18¢7
1esn
177
17="
1527
1580
1917
R
b2 I S
‘)_l’:"
2114
)“'f:
2910
225"
SR
238
2477
}4:(\
2327
255"
28 AR

2R57

212"
27er
28272
2RE"
737"
2-%7
7",{‘
JRST,
1127
187
man
375C
332"
3387
34:27
EVED

THIS PROGRAM CALCULATES VARIOUS PARAMETERS USED !N DETERFVMINING
THE SOUND FIELD AROUND A MHELICOFTER M FLIGHT.

CALCULATIONS INCLUDE THE ANGLE ABOVE T-E HORIZONTAL AMD T4t
SLANT HANGEs AT VAPIQUS TIMES TeAS A HELICOPTER IN FLIGHT
STARTING AT ANY DESIRED GROUND RANGE+FLIES TOwWARD AND DIRECTLY
0y-~ aN G4SERVER. SINCE THE SPEED OF SOUND IS FINITEs THE
NOISE T4&T THE CBSERVER HEARS AT ANY TIME »"T®sWAS EMITTED
«4EN THE HELICGPTER WAS IN A LOCATION DIFFEVENT FROM TS
VISUAL LOTATIONe THEREFORE THE PROGRAM ALSO CALCULATES

ANGLE AND SLANT RAMGE TO EACH SOUND SOURCE LOCATION
TI<<ESPONDING TO THE ANGLE AND RANGE NF THAE VISUAL LCCATION.

ASSU4PT IONS:
HELICOPTER SPEEDs ALTITUDEs AND HEADING ARE
HEL Y SONSTANT.
THE FLIGHT PATH PASSES DIMECTLY OVER THE N~SERVE: .
[* 94T {ATA ~EEDED:
AIRCRAFT GHOUND SPFF~s |v FEET PER SETOND
44X |MUM DESIRED GROUND HANGEsIN FEET
AIR7RAFT HEIGHMT A3OVE I3SERVERsIN FEET
AMIIENT Aln TEMPERATU-EEs IN DEGREES FAHRENMELT

SAGKA¥ SALTULATICAS:

THE PROGRA™ FIRST CAICULATES THE SPEED OF SOUND
FOX THE GIVEN AMBIENT TEMPERATURF. THENsAT TIME=ZERDSTHE Sl 4nT
ANGE AND ANGLE TC THE vISULL LOCATION ARE CALCULATED USING T=¢
GE1GHT AND MAX IMUM GROUND RANGE. THE SLANT RANGE AND ANGLE TO
TUE ~ORRFSPONDING SOUND 1OSATION ARE CALCULATED USING THE SPEEND

OF SoUnn A% T~E VISUAL LOCATION PAAMETERS TIME IS THEN aDvan~t"

Y L GIVEM AMOUNT AND & NEX GROUYN ZANGE IS CALTULATED 3Y
JEQUSING THE MAX 4w GIOUND RENGE BY AN AMOUNT EOQUAL TO THE
DISTANCE FLOWN It THE TIMF ELAPSED F204 TIME ZEROQeUSING THE KE=
WANGE 5 “EW SET OF ANGLES AND SLANT RANGES ARE CALCULATED.

THE YEW ANSLE T8 T4E SOUND SOURCE IS EXAMINED 10 SEE IF IT PIFFERS
FROM THE PREVIAUS VALUE 3Y FROM THAREE 19 FIVE DEGREES.

{F (=f TIFFERENTE FALLS IN THE RANGE OF THREE TO FIVE DcG~EES
THE SCw PARAMETERS ARE OUTPUTW IF THE DIFFERENCE IS LESS THAN
THRET DEGREESy TIM= 15 ADVANGCED ANT 4 NEW ANGLE 1S CALCULATED.
VINI4UM TIME ADVANCE SETWEEM OUT2UT ©0INTS 1S @Be1 SECONDS

EVES IF TS ATYANSE PRATUCES AN ANGLE CHANGE GREATER THAN

FIVE DESYEFS 08 LESS THAN THREE DEGREES.

Stefl T43ILE:

T=TIMEPSECONDS

1= ARG ITR4RY INTEGER

Pi=T0NSTANT=T014187

5SuD= SPEED OF SOUuD IN AIRSFEET PER SECOND
FAIDEL=STGRAGE LOCATION FOR LAST ANGLE QUTPUT
TEMP=AMBIEST AIR TEMHERATUREsDEZGREES FAHMRENHEILT

Fig. 38. FORTRAN program used to calculate helicopter location.
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3542
355¢
3REC
365¢C
373C
375C
3I84C
385¢
394
15e
4207
FERTS
4450
110¢
415¢
4298
425
420
415,
443
a5
453¢
4550
182"
Y
172
415
433
435°
4340
4957
530
512
515
523
525
532
535
549
5450
550C
555¢C
560
SRS
574C
575C
5840
585
€3¢
5a5C

U N

VEL=AIRCRAFT GROUND SPEEDs» FEET PER SECOND
ALT=AIRCRAFT HEIGHT ABOVE OBSERVERsFEET

DVTZRO=MAX GROUND DISTANCE TO AIRCRAFTFEET
DV=GROUND DISTANCE TO VISUAL POSITION AT TIMEsT;FEET
SVaSLANT RANGE TO VISUAL POSITION AT TIMEsTIFEET
PHV=ANGLE ABOVE HORIZONTAL 7O VISUAL LOCATIONsRADIANS
DA=GROUND DISTANCE TO SOUND I.OCATION AT TIMEsTIFEET
SA=SLANT RANGE TO SOUND LOCATION AT TIMEsT:FEET
PHA=ANGLE ASOVE HORIZONTAL TO SOUND LOCATIONsRADIANS
DO=DIFFERNCE BETWEEN DA AND OV

PHVDEG AND PHADEG ARE THE DEGREE EQIVALENTS OF

PHV AND PHA

THE FOLLOWING IS A LIST OF FORMATS USED

FORAAT(FRae192(2X9Fhet12XeF84s1))

FORYAT(21HAIRCRAFT SPEEDeesceecoFBs1213H FEET PER SEC)
FORMAT(21HGROUND DIST AT TZERO=9sFB8e195H FEET)
FORMAT(Z21HHEIGHT OF AIRCRAFTee=9FRBe1954 FEET)
FORMAT(21HAMZ IENT AIR TEMPesee=9F8e1918H DEGREES F)

SET INITIAL VALUES

T:ﬂc
N=3

OHDEL=@e
Pl=3+14159

INPUT DATA

PRXINTo®WHAT 1S AIRCRAFYT SPEEDs IN FEET PER STCOND?™
INPUTSVEL

PRINT"WHAT 1S MAXIMUM GROUND DISTANCE TO0 AIRCRAFTsIN FEET?®
INPUT»DVTZRO

PRINTo®WHAT IS HEIGHT OF AIRCRAFT ABOVE O0BSERVERsIN FEET?®
INPUTALT

PRINTsWwHAT IS AMBIENT AR TEMPERATUREsI* DEGREES F?*
INPUT» TENMP
PRINT HEADINGS FOR OUTPUT TABLEe(A ®t® [NDICATES A LINE FEED)

PRINTe229¢29® TIME PHV Sv PHA JAn
PRINTe® SEC DEG FEET DEG FEET®»¢

CALCULATE THE SPEED OF SOUND

CSND=4G4A3«SORT(TEMF+459,7)
CALCULATE DVsSVePHVsALPHDA»SAsPHASDD
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R2aC

g1
515
8730
525C
30
R3S
437
cf4EC
AR AL
s¢5
AR A
8¢S
R72C
R75C
RAT
£36
6344
£35°
73
7%
712
173
12¢
1347
135
14247
74¢%
754
7C‘: A
v 373
7R85
177
17773
3"
1857
7337
EREFEN
3ase
R
2is
as<
221 R
314
241
243
'..;i 1
3567
RRA"

G

n
] '\

TR e 1 4

AR

LR A e e

T

SA5 19 DV=DVYTZRO-VELeT

RM

SV=SORT(DVew2+A(Ter2)
PHV=ATAN(ABS(ALT/DV))
ALPH=PHV UNLESS DV 1S GREATER THAN ZERO

ALPH=PHY
IF{DVelTeBe@)ALPH=P]-PRHYV

CALCULATE COEFFICIENTS FOR QUADRATIC

Az1e-(VEL/LSND ) ee?2
4z2+«SVe (VEL/CSND)«COS(ALPH)

C=-SVes?

THECA FOR REAL ROOTS:IFf NOT (GOTQO ERRGR MESSAGE
'F(:J"Z 4-*1'..,0 r.’.)))}(, ]1

SOLV FIM SA USITNG PIOSHTIve 201 OnLr

L HIEETAERRET Y B PR Y. R0 W AL

D= heipt st

DA=504T(sAwa2-AL T

PHATATAN{A33{ AL I/= >)

ADJUST Py AND 244 [0 PROPE TUAD~AMT

!F’( )J“{),).LE. LIS ‘)P-iﬁ:;—'l-v'-',:

TF(DVelCaa?}Pbeyzu iy

Lo IHA Aol w13 F - 3y P giIne 5919 GJT~ 2.
IF{Telie?e?}l(Y 3¢
A7 -0 T~E lallll‘ AT At N (Al Y2 Y. T : 5 SETHEN
THETAS THAT THE THANGE 1M SHY AS 1145 |S fNGNEs £) FALLS s Tei
HANSE 3 [H-EE [H FIVE DRSO 0S On TIME 1S INIRFLCRT 27 A Yy wgw
I FeY SET SRGARJLESS OF THE ~cSULTING CHANGE 1% 2 4.

IF(28-PUDELLGT .
[F(UahTes) 3077
5979 35

IF (24800 o TeRean (/13355 BOTD

1,421 /1R24) GOTY R

bR

N
~

Nz e ]
[F{veZ7a5) 5710 72
Tzi="e?

-

TRE r 3L O8NS 1S THE OQUTPYT 327710
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B65C
BTA 23 »HIEL:-PHA
875 N=2

BRAC CONVERT PHA AND PHV 19 DEGKELS

893 PHAOEG:DHA.133./p. %
8as PHVIEG=P4ve183,/0] §
93] Z
9810 QUIPUT CALCULATEN vALUES §
9a2 " :
Gas PRINTIsToPHVCEG s v e iisDES S A 2
912¢ §
91s¢( CHECK IF 44X ,ALJES FOR T QR PyaA HAVE 4EF  Exrbin o ;
922c |
925 37 IF(Ta6Te13MeaChaPHALERLGTA170.) 2010 o5 7
933¢ 3
3350 e MAX VALUES 100 b nZds 9a<EA AP Y S 3
g40C 2
945 727"‘,05 %
95a GOTO ¢ 2
SN THE FOLLOWING SECH tue ’)-J;,.Ug:; THL Safa S, o1 | BT VI 2
96527 |

985 25 FRINT2429®DATA USEDM,s
a97¢ FRINT2VEL

974 PRINTIIOVIZFO.

q8° FrRINTACLLT

385 SRINTS 10

984 PRITatan END OF FLIG4Tw
937 STI¢ )

994C

9950  ERRO® MESSAGE

16207,

1335 32 PRINTH"ERRGK N DATA:CALCULATICNS INDICATE IMAGINAKY RCOTS FGn 1.
1815 G212 25

1327 ST0p
1625 END
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APPENDIX C

MEASURED SOUND PRESSURE LEVELS AND CORRESPONDING
HELICOPTER LOCATION DATA FOR FLIGHTS 1 THROUGH 7
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AFPENDIX D

CALCULATED SCGUND PRESSURE LEVELS AT A CONSTANT DISTANCE OF
200 FEET AND CORRESPONDING ANGLES FOR FLIGHTS 1 THROUGH 7




TABLE 1D

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No, 1
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TABLE 2D

Calculated Sound Prassure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 2
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TABLE 3D

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet an” " ~rresponding Anales for Flight No. 3
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Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 4
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¢ Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 5
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Calculated Sound Pressuie Leveis at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 6
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TABLE 70

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 7
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POLAR PLOTS OF THE SOUND PRESSURE LEVELS IN EACH

OCTAVE BAND FOR FLIGHTS 1 THROUGH 7
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Fig. 1E. Octuve band sound pressure lavels at 200 feet from a moving helicopter-flight number 1.
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Tig 2E. Octave band sound pressure fevels at 200 feel from a moving helicopter-fisght number 2,
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Fig. 32,
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Octave band sound pressure levels at 200 feet from a moving helicopter-flight number 3.
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Fig. 4E Octave band sound , essure fevels at 200 feet from a moving helicopter-flight number 4.
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Octave band sound pressure levels at 20C feet from a moving helicopter-flight number 7.
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