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ABSTRACT

A technique has been devised to measure the noise produced by a moving helicopter. The
equipment used is easily portable, relatively simple, accurate and provides instant readout of
aircraft speed and altitude.

The sound pressure levels measured during the flyovers 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 HELICOPTERI
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, the loss of combat effectiveness caused byearly enemy detection of aircraft activities.

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

For conivenience, the topic of acoustic detection of an object may be arbitrarily divided-into
three broad areas: namely, the noise characteristics of the object, the medium through which the
noise propagates, and the detector or-listener that receives the noise. This-report will deal mainly
with the first area; that is, a determination of the noise characteristics of an objectdin this case a
moving helicopter.

-While methods-exist which may-be used to predict detection-distanies (5, 11 _-& 13), these-h mehods ne-d accUrate information-c ncerning the souhd source in orde•to be useful. Although

considerable-theoretical work--(8, 11 & 12) is being done on methods-of predicting the noise
Which will be produced by a given helicopter, there is very little published -data dealing with
actual measurements- of moving helicopters. Most external noise-measurements have been taken non either a -hovering-helicopter (7j sh-owing- m axirn-um sound pressure levei•(SPL)-reorded- or the •
SPL. ersus time history of a:fly-by with the helicopter a maximum of-a few hundred feet from -

the measuring microphone. This report describes a method of collecting acoustic data from a
moving helicopter tO-permit the generation of a polar plot of SPL versus angle in a vertical -plane
"-containing the fligt path. This method may be used to compare SPLs produced by a variety ofaircraft as well as to show the effectsof any changes made in a particular aircraft One factor

wbich is inescapably a part, of a measurement program of this type is the atmosphere an(d its I
effects on the acoustic-signals being measured. This program makes no attempt to measure-the
ac3ustic chathacteristics of the atmosphere at the time of test but relies instead on published data.
• Ambient temperatUre and relative humidity were measured at the time of test and these variables s
"were used to choose the appropriate acoustic characteristics (4). The computer programs used for
data reduction are given in the appendixes.

METHOD I

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 possible over our microphones.

2. Maintain given altitude and airspeed.

3. Report by radio his passage over a nearby shoreline. I

"• • - • • • ••1



Since distance from the shoreline -to our Mhicrophones was known and- assuming a constant
airsDeed, the location of the aircraft couid be calculated at any particular instant.

To check the accuracy of this location method, we decided to mark the instant-that theI
helicopter was directly over the microphones. This was done by clicking a toy "cricket' I
noisemaker when the aircraft was subjectively determined to be directly over the microphone.

As a starting point, we requested an altitude of 500 feet and 90 knots indicated airspeed. As
the experiment progressed and the runs were made at higher altitudes, several problems,
developed. 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 three miles. At the lower altitudes, the pilot was able to
sigh- on various features on the horizon such -as tree lines, power line poles and other-objects to
maintain a straight line to our location. At the~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 determinin2 exactly when he was passing over the shoreline. As
the ciata was being analyzed, it became obvious that there were fdirly large errors in aircraft
location. There was poor agreement between the time when the-observer indicated that the
aircraft was overhead and the timi e-when calculations based on airspeed and distance from a
reporting point (shoreline) sho0-wed that the aircraft should be overhead.

SWe decided to consider other methods of either aioing an observer in determining aircraft
location or rieauring-aircraft location directly by autormatic means. Several alternatives were

discu sed and discard ed not being suitabe dit for 0U-purposesm Personnel- of the -Velocity:,
Measurement -Unit. Materiel Testing, Directorate, then suggested using a "skyscreen"-to detect-
passage- -of the Jircraft over -- point.

A Askyscreen is a photo-electricdevice so- onstructed that it detects objects passing through
a sensitive area. Electronically, the skyscreen Senses- a chanrge in light level reaching a-
Sphotolectri- tube and probiUces a -single el6trical pul-e whenevr the change in light level
exceeds a set vaIue. The -ýe-ltrical circuitry is such tha-t slw _-variations in light level do not
produce an out ut. For this reason, -Iouds -.nd changes in the angle of the sun have little or no
effect on the operation of the skyscrden.

Preliminary trials showed that we could reliably detect aircraft passage at altizudes of several
thousand feet. Above 3500 feet, detection became erratic, but since this was far in excess of the
altitudes planned for acoustic measurements we did not investigate further to determine if the
difficulty was caused by the skyscreen itself or if, in fact, the aircraft did not intercept the area
covered by the skyscreen. it appeared that the latter was the more likely reason since at 3500
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 error of 175 feet on either side of a desired flight path was not
unreasonable to expect.

"The final configuration used during the acoustic tests is shown schematically in Figure 1 and
pictorially in Figure 2. The details of the skyscreen system are.given in Appendix A. In brief, the
outputs of the skyscreens were used to start and stop electronic counters. The counters were used
as accurate interval timers so that they gave a-precise indication of the time that elapsed between
a start Cand a stop pulse. Switches wee used to interchange the pulses from the skyscreens so that
the aircraft could make runs in both-directions. For example. during a run from left to-right, SS3
would he used to start the counter used to measure velocity and SS4 would be used to stop this
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counter. During a run from right to left, however, SS4 would apply the start pulse and SS3 would

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

cause their sensitive areas to converge at the nominal altitude chosen for the flights. By counters

2 and 3, it was possible to measure the height of the aircraft above the microphones. Skyscreens

2 and 5 were aligned so that their sensitive areas were along the flight I1fth rather than at right

angles to it. If these two skyscreens detected-the aircraft, we knew that the aircraft was on a path

within the rotor radius of being directly over the microphone.

Acoustic Data Collection

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 rcference level during playback.

We found during our preliminary studies that applying a tone, or click, as a marker on the

tape at the instant the aircraft was overhead was not very s-itisfactory. During an octave band

analysis of the tapes, there were, of course, octave bands which did not pass the tone anid

consequently there was no marker on the record of those particular octave bands. Rather than

attempting to generate a broadband noise for use as a marker, 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 aircraft-was directly- over the

microphone. In this manner, we were able to get a distinct marker that was independent of

frequency and showed clearly on all the analyses.

The test site for the acoustic measurements was an abandoned airfield at APG. The-

equipment was located at the extreme northern end of the north-soJt•h UhWay. The runway gavew
the pilot a good visual reference for maintaining a straight flight path over the microphones. A

total of 12 runs was recorded. Runs 1 to 6 were at a nominal 300 feet altitude and runs-7 to 12

were at 600 feet. The direction of the runs alternated so that the odd numbers were in the north

to south direction 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

teshifted to the south at three miles per hour or less. The temperature rose from 28oF to

34 IF during the test period while relative humidity varied from 78 percent to 63 percent.

The microphone used was a B&K ½" condenser microphone, Model 4134. The microphone

was oriented 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 900 incidence, thus eliminating possible problems with directional characteristics

of the microphone.

5



TABLE I

Aircrafta Flight Data

Flight True Air Speed Height Above Microphone
SNumber (Knocs) (Feet)

1 78 241

2 59 271

3 77 238

4 65 271

5 77 272
6 65 305

7 76 526

aThe aircraft was a UH-1 H SN 7059234. 4
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Data Reduction

The data reduction portion of the test program was broken into several -)nhases 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 above the microphone. If we assumed that aircraft speed
and height did not vary significantly during a run, it was possible to determine theaircraft
location at any timew during the6 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
overhead is given by:

D=Vt H0" tan-1D_

S= 4• 2 +H 2

However, since the speed of sound is finite, the sound received at the microphone when the
aircraft is at location L was actually emitted when the aircraf . at location L'. Again, referring

to Figure 4, "he location of L' may be determined from:

\/2 2V2 2)

-(2S- cosa) + /2 Sc \ 2Cs 4(1 - S20 --V
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 to calculate many data points in order to generate a plot of the sound
field around the aircraft, we decided to investigate the possibility of using acomputer to ease the
computational workload. The result was a FORTRAN language program which performed the

8
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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 a series of times, angles and slant ranges Which define the
aircraft's true location and sound location in time and space. An examplef the computer output
is shown in 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 level versus time
histories for each flight.

Combination of Aircraft Data and Acoustic Data

The final phase of the data reduction process consisted of correlating the location data with
the acoustic data and generating a plot of SPL versus angle around the aircraft. The SPL data were
read from the time histories at-the times indicated in the location data. The marker placed on the
tapes as the aircraft passed overhead was reproduced on the SPL time histories- and this marker
was used as a tithe reference. An example of the resulting table-of SPLs for each octave band is
shown in Table 3. Although these SPLs could be directly plotted on polar paperi the usefulnuress
of such a presentation is somewhat limited since each data point was measured at a different
distance from thfe aircraft. We therefore decided to correct each data point -o a constant distance
from the Source and we arbitrarily chose 200feet. In other words, the data presented in the polar
plots represents the SPL that Would be measured in a vertical plane containing the flight path, by
a microphone located at a constant 200 foot dise nce ffrm the aircraft and at various angles
around the aircraft.

The SPL data was corrected to a constant distance by the well known relatiron ( tu)
• ~SPL200O = SPLD + 20 log2--' cc• 1,D-20

SPL200 =sound pressure level at 200 feet

S~~SPL-D = snund pressure level measured at distance D

! o• =atmospheric attenuation factor.

The a used for the calculations was obtained from reference 4 using the temperature and

humidities recorded during the flights. Table 4 shows the values used.

10
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TABLE 2

Example of Computer Output for Helicopter- Location Program

DA fi T THE I 'i3tJf IL VT ,:-, 11] A:i ii Ifi EfOI!j II D
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TABLE 4

Atmospheric Attenuation Factors, a, for Each Octave Band Used
ir Calculating Sound Pressure Levels at 200 Feet

Flight -- a, in dB/1000 Feet-in the Indicated Octave Bands --
Number 63 125 250 'FO0 1000 9000 4000 8000

1 0.1 0.1 0.3 0.6 1.8 6.4 15.5 26.9

2 0.1 0.1 0.3 0.7 1.9 5.6 16.0 27.8

3 0.1 0.1 0.3 0.7 2.0 6.0 16.7 29.2

4 0.1 0.1 0.3 0.7 2.' 6.0 16.9 29.6

5 0.1 0.1 0.3 0.7 2.0 6.0 16.7 29.1

6 0.1 0.1 0.3 0.7 e.0 5.9 16.6 28.8

7 0.1 0.1 0.3 0.7 2.0 5.9 16.6 28.8

IN
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DISCUSSION

Skyscreen

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

i, The system was portable and could be emplaced at any desired location. This
contrasted with a radar systemrn which was usually fixed an- •herefore limited the test area to the =

vicinity of the tadar set. A mobile radar set could be used, of course, but the cost of such a
system would be far 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 Tzhat it required 11OVAC power for operation.
However, since the power requirements are fairly low, it is possible to operate at a remote site by
powering the system from a small 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 a moving source had several opposirg requirements. For
example, since the sound pressure was changing with time, one requirement of the measuring
system was that the ;c-.-i indicator have a response time fast enough to follow the changes in
level. A fast response time, howevtr, was directly contradictory to another requirement; namely,
that the measuring system have a long averaging time in order to accurately measure the random 53
components of the noise. Since the averaging time necessary for a given accuracy decreased
as the bandwidth of the analysis system increased, we used the stundard 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 measureme-:s. A further ih •,Ucement 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
1200 point!,. 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 to shorten the -

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

Computer Programs

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 appropriat, times on the SPL versus time records.

16



Once ,he SPL data was put nn punched paper tape, all other operations, from the calculations of
helicopter location to the final plots, were carried out automatically.

Atmospheric and Terrain Effects

"As pointed out in the Method Section, no 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 heig4it of another, the levels when the aircraft was directly overhead
should differ by 6 dB (20 log- I-• plus an amount that depended on the frequency of the signal
and the atmospheric losses. Of course this only appjies if we assume that the source levels were
identical for each flight; or we could possibly apply a correction for a different source Jevel. 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-*l was caused by a difference in the source level. We could also use the same methcd
to calculate losses at angles other than 900.

The effect that the terrain has on sound propagation from a helicopter is not very well A
known. However, there is general agreement that terrain effects are small at angles of greater than
70 (2) to 100 (15). The primary problem in defining terrain effects 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 grassland and jungle (2). Since our test site did not fit the available data
we did not calculate SPLs at angles less than 100 or greater than 1700. Since present tactics
provide that many missions will be flown at "tree-top" or "nap of the earth" levels where angles
will be less than lOn, this presents a serious omission for operational purposes and further work
shou!d 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 200 - 300. This occurs 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 noise generation, (2) to standardize data
collection and reporting so that various types of helicupters may be directly compared, (3) as a
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.
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RESULTS

Although a total of 12 flights were recorded, only 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 oin 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 comparison with the lower altitude
flights but, since more than 400 data points must be read for each flight, we did not read the data
for flights 8 through 12.

The sound pressure levels, as measured in each octave band, are given in Appendix C alongG
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 S
plots of SPL vs angle by octave bands for orte flight are shown in Figures 9 thru 16. All flights are

Sshown in Appendix E.

Examination of 12i polar plots showed that the first two octave bands (63 Hz and 125 Hz)
were storgly directional with a difference of approximately 30 dB between the maximum and -25
minimur SPL. An interesting feature of the 125 Hz plots was the "notch," or drop, in SPL in
the 3a0 to 500 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 second respectively, the notch occurred at
about 350 The speed for flight: 2, 4, and 6 was in the area of 99-110 feet per second and the
notch shifts to the 450 - 50o region.

The rest of the octave bands showed muss and less directivity until at 1000 Hz and above, the
SPfs showed little change with direction.1

CONCLUSIONS

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

2. Data coilected 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 effects 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 neces&,.,y, be used as a standardized method of
measuring helicopters in flight.
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APPENDIX A

SKYSCREEN SYSTEM

The skyscreen system shown in Figure IIA 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 through 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 produces 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 i
mounted on a tripod which has leveling indicators as well as mechanisms for accurately aligning
the lens system in azimuth and elevation.

If we now set two s'kyscreens 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 I
object to traverse the distance.

The test set.up used during the flyover measurements is shown in Figure 3A. Switches were o
provided to interchange start and stop pulses so that runs could be made in either direction. The
height of the aircraft was measured by using skyscreens tilted off the vertical such that their
sensitive areas intersected at thb 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
SS2 and SS3 at the same instant and the two counters will show the same elapsed time. If the
aircraft is hirgn, it will intcrsect SS3 before SS2 aid time interval 1-3 will be shorter than time
1.2. The revorse will be true if the aircraft is low.

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

Velocity V is measured usinq SS1 and SS4 which are a known distance -spart. Aiigle a
is known since it is set to produce an intersection at the desired height, Hpl. Angle • is known

by similarity to a.

D V(t- 2 ) where tl- 2 is time interval 1-2

D2 = V(t1-3) where t 1 _3 is time interval 1-3

D3= D2 - D =\ (t_ 3 - t1 _2 ) V(At)

i•tan/ I= M

D 3 Vt)
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SENSITIZED AREA SENSITIZED AREA

- ---- KNOWN DISTANCE -.-

-I I
I ST 2ND

SKY SCREEN SKY SCREEN

START PULSE STOP PULSE
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Fig. 1A. Sky-screen system.
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Fig. 2A. Diagram of the sensitized area of a sky screen.

31



C,'.0

r) U

OL, u1
4--5

u-I-

0A

4-.C)

- II 0

32U



,1.

co~

I Am

UU

41

coc

U)U I.
•CU

oLJ

33,

_ _ _ IAs



But tan/ = tan t HN/B-

so M =N V(zt)
B

or H=HN-M

If the aircraft is above HN, M wilt have a negative sign and will be added to HN 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 to put a marker on the tape
recordings to indicate the instant that the aircraft was overhead.
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APPENDIX B

CALCULATIONS AND COMPUTER PROGRAM

This appendix describes the calculations and the computer program used to determine the
"visual" and "sound" location of a helicopter flynt a flight path directly over a microphone
being used to sense the noise produced by the helicopter. Referring to Figure 1B the rriicrophone
is Ioc-,ted at M, and the helicopter flying in the direction indicated, at spead V and height H, is
located at L. Since the speed of sound is finite, the sound being received et 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 microphone:

0= tan 1
a = 180 0 - ¢

By the law of cosines:

S, )2= S2 + R_ -2SR cosa (1)

Since the distance R is equal to the speed of the aircraft times the time it takes sound to travel

from L' to M

R=Vxt

But time t is also equal to distance S' div;ded by the speed of sound C:

t = S/C

C is calculated from:

C = 49.03 T + 459.7

T = !emperature, degrees Fahrenheit

R = V x-F

Substituting in (1):

(S,')2 S2 + (VS' 2 2SVS' cos a

Lollecting terms:

(S')2 (1 A(-)2)+S' (2S- cosa) -S2 =0
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Solving for S'

2( I• - ( 2 S V C o 5 a SC s 0 - - -) 2 - 2

2 (1-(-C12)

Then 0' arc sin-
St

The program uses the preceding relatior.ships along with data furnished by the operator to
calculate a series of polar coordinates defining flight paths of the helicopter. In running the
program the operator inputs:

(1) aircraft speed, feet per second

(2) aircraft height over microphone, feet

(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. Sinse
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 6000 to 8000 feet
depending on speed.

Referring to the flow chart in Figure 2B we can see that the first data points are output
assuming a time t equal to zero. Time t is then advanced by a set amount and a new D is
calculated which is equal to

D = DMAX - Vt

where t is the time elapsed since the beginning of the record. Using the r-wv D ,;alue a set of
corre-:)onding slant ranges and angles are calcumated. The program then tests for the Ciifference
between the new angle and the last angle output. If the difference is less than three degress, time
is again advanced and a new angle 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 a maximum rate when directly overhead, and then, once again changes
at a slower and slower rate. If we had chosen to plot points at equal time intervals we would have
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Fig. 23. Flow chart of computer program used to calculate helicopter location.
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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 equal 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 secial problem since at our nominal values of 300 feet height and 135 feet per

second speed the maximum rate of change of angle is 2.60/0.1 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 2.90 while a time change of 0.2 second changes the angle by
5.80. Since neither angle value is in the acceptable range, and tnless 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 of
the angle exceeds 1760 or if tme total time exceeds 180 seconds.

The comp!ete program as written to run on the GSA RAMUS system is shown in Figure 3B.

39I
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1i.ilc THIS POG4RAM CALCULATES VARIOUS PARAMETERS USED !N DETERMINING

14 r5r THE SOUND FIEU1 AROUND A $4ELICOPTER IN FLIGHT.

!SC GALCULATIO0S INCLUDE THE ANGLE ABOVE T-E HORIZONTAL PNJD T-I.E
120C SLANT qANG[: AT VAPIOUS TIMES TAS A HELICOPTER IN FLIGHT

1ý-r STARTING hT ANY DESIRED GROUND RANGEFLIES TOWARD AND 9IRECTLY
1 • -' 1 O-- AN OCISERVER. SINCE THE SPEED OF SOUND IS FINITEo THý
111 IOISE THAT THE OBSERVER HEARS AT ANY TIME ,"T"tWAS EMITTED

14 C WHEN IHE HELICOPTER WAS IN A LOCATION DIFFEPENT FROM ITS

145C VISUAL LOrArlOg. THEREFORE THE PROGRAM ALSO CALCULATES
15,'1 ANGLE AND SLANT RAk'GE TO EACH SOUND SOURCE L-OATION

155C )-.•,ESPONOING TO THE ANGLE AND RAN3E OF T4E VISUAL (.OCATIO:.

1ýý = 4sJOPT IONS:
17 7 HELICOPTE ER SPEED, AlTITUDE, AND HEADING ARE

17=- HEi I ftJ~AT
w 6 FLIGHT PATH PASSES ,II-ECILY OVER TIE r)-SERVF-

" I'-'JT CAT- ',EEDF):
A ICRAFT GROUND S1FE"-' I ' FEET PER SECOND
' DESIRED G:OIIND RANC-EI'i FEET

•1 " AI"R..AFT wElGtiT AiOVE !HSERVERIN FEET

A IIENT Al-. TEMPERAT!'-.E, IN DEGREES FAwRENUFIT

' - D 'GkAm ,A1.,ULAT I ONS:
THE PROGRAw FIRST rAl CULATES THE SPEED ')F SOUND

FO FR THE GIVEN AMBIENT TEM.,PERATURF. THENAT TImE=ZERO,THE SIA;.T

i ,(ANGE AND) ANICLE TO THE VISU.L LnCATION ARE CALCULATE' USING T-E

•% HElGwT ANn MAXIMUM GROUND RANGE. THE SLANT RANGE AND ANGLE TO

?4?C THE .ORRFSPO%,ING SOUND IOCATION ARE CALCULATED USING TUE SPEEn
'•r OF SnU',r, A01 T-E VISUAL. LOCATION PA-AYF.TERS.. TIME IS THEN ADVAN'j t'

2z?, - 1 GIVEk; APOUJNT !ND A 'qE- GROUJ"') RANGE IS CALCULATED 9Y
?5 5. q D.JICIN5 THE MAXI U*A G0-OUN• R ANGE 8 Y AN A MOUNT EOUAL TO ITE
9P A DISTANCE FLOWN Ill TOE T7Im ELAPSED FO0M. TIME ZERO0USING THE Nf-

?- S qANGE 1 %"EW SET 1F ANGLES AND SLANT RANGES ARE CALCULATED.
27Vý' TU- ,Ew Ar'SLE TO T-jE SOUNO SOURCE IS EXAMINED TO SEE IF IT nIFFEP'S

17cr FROMI THE PRFVIOUS VALUE 3Y FPOM Tr4REE TO FIVE DEGREES.

2.R? ^ - I-E 1IFFERENCE j-ALLS IN THE RANGE OF THREE TO FIVE CEGqEES
?PS. THE 4;CW PAMAMETE.,S ARE OUTPUT. IF THE DIFFERENCE IS LESS THAN

?a/%- T RE. DEGREES# T IMt. IS ADv-ANCED AN") A NEW ANGLE IS CALCULATED.

- vl1'OlJM TIME ADVANCE ýEETWEEN OUT 00T OINTS IS OeI SECONDS
7r ftVc' IF T•IS A..V._CE Pk'DUCES AN ANGLE CHANGE GREATER THAN

3:%c,- FIVE D.;3ý-EFS OR LESS THAN T,4EE DEGREES.

31% SY' ,L T.A IL.E:
•o;•.C ~T:T IlE ,SECONDS-o

3?C = ':ARB 1TRARY IN;TEGEP
33."P i=ONST4A'T=3,14 15"

3i •0S=D: SPEED OF SOU':9 I.N AIRFEET PER SECOND
34 r-, F4IEL:STORAGE LOCAlTION FOR LAST ANGLE OUTPUT
14r. TEM.:AM8 IE'T AIR TEM;J'E.?ATUREDEGREES FAHRENHEIT

Fig. 3B. FORTRAN program used t(o calculate helicopter location.
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39•Z VELzAIRCRAFT GROUND SPEED' FEET PER SECOND
355C ALT=AIRCRAFT HEIGHT ABOVE OBSERVERPFEET
3A€c DVTZRO=MAX GROUND DISTANCE TO AIRCRAFTtFEET
365C DV=GROUND DISTANCE TO VISUAL POSITION AT TINEPT;FEET
370C SVxSLANT RANGE TO VISUAL POSITION AT TIME9T;FEET
375C PHV=ANGLE ABOVE HORIZONTAL TO VISUAL LOCATIONRADIANS
38-C DA2GROUND DISTANCE TO SOUND I.OCATION AT TIMET;FEET
385C SA=SLANT RANGE TO SOUND LOCATION AT TIMEtT;FEET
390C PHA=ANGLE ABOVE HORIZONTAL TO SOUND LOCATIONoRADIANS
?!5C DD=DIFFERNCE BETWEEN DA AND DV
40^ PHVDEG AND PHADEG ARE THE DEGREE EOIVALENTS OF
4tA1C PHV AND PHA

410C
415C T4E FOLLOWING IS A LIST OF FORMATS USED

425 1 FOR4T(F6.Iv2(2XF6.192XF8.1))
41 ? F-OkOAT(21HAIRCRAFT SPEEO......='F8.*1'3H FEET PER SEC)
4W 3 FORMAT(21HGROUND DIST AT TZERO=,F81°5H FEET)
44P 4 FORWAT(21HHEIGHT OF AIRCRAFT°..=Fl°I,5H FEET)
415 5 FORMAT(21HAMeIENT AIR TEMP°°°*=,F8*.110H DEGREES F)
450C

4!:5C SET INITIAL VALUES

•17a N=•

475 P.1DEL=P°
4W Pl=3.1415q

4- AC INPUT DATA
499ý 4

9W PRINT9'WHAT IS AIRCRAFT SPEED' I'4 FEET PER SECOND?"
SW• INPUTVEL
515 PRINI,"WHAT IS MAXIMUM GROUND DISTANCE TO AIRCRAFTIN FEET?"
520 INPUTDVTZRO
525 PRINT,'WHAT IS HEIGHT OF AIRCRAFT ABOVE OBSERVER9IN FEET?1
S30 INPUTALT
535 PRINT,'WHAT IS AMBIENT AIR TEMPERATURE91' DEGREES F?A
541 INPUTTEMP
549C
R5•C PRINT HEADINGS FOR OUTPUT TABLE,(A *tm INDICATES A LINE FEED)
555C
560 PRINTtt2ft2t* TIME PHV SV PHA 3AN
5 5 PRINT," SEC DEG FEET DEG FEET*,t
970C575C CALCULATE THE SPEED OF SOUND

58 2 c
5R5 CSND=490.3*SORT(TEMP+459.7)

59qC CALCULATE DVSV9PiPV,ALPH9DASA9PHAtDD i
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''51(4 DV=DVTZRO-VEL*T
f1ý SV=SORT(DV**2+ALT**2)
615 PHV:ATAN(ABS(ALT/rDv))

~'C ALPH=PHV UNLESS DV IS GREATER THAN~ ZERO

r-3@ ALPH=PHV
P.9 IF( DV#G * .0) ALPH=P I-PHV

P41ZC C.'ALCULATE COEFFICIENTS FOR OUADRATIC

fa:1.-(VEL/CSND)**2
A;7; "i=2.*5V.(VEL/CVNy)*COS(ALPH)
9 IS5 =S V?

1,75C ;4ECK FOR REAL ROOTS;1 IN OT GOTO ERROR MESSAGE

I CI %"' FIR' S4 UJS I'J$ P')S I II VL 130 1 04L(
7-A

71? ý3~J/
7-3 DA. OS14T S A *2 - ALT.
7?E PHA 3 '. 3S(~

739 ADJL'C T PH -414 ~D ' A 1 9 ~ROP~ E .

7 5 IF ()DVO jLC .~

77 1,;I

78 14E ,S T i AI T-~ T A IE Ii NRAH 35 1 1 IS I' E A _ S "1

OFT ~ ;E -ý!"J$44 LESS OF THE -,tý"JLTINI.G C-UJGEJC 1*1 A

I~(i~EL.T. .*-)I/iAl.) GOT,) F,
q I F f*~ A\ 3' T

!T t) 3:

I, F -4 1 1

T~' .4 0" r9''1 3 IS T 4E OUhJ T P IO1'1
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871 -•. HDELLPHA

8.4.C CON'VERT PHA AND P4V TO DE5RE.l-8 9 • F • E = H , • ] /
899 P HVDEG= P -qv~, iq. /.) i

901C Ou:PUT CALCULATE' VALUES

9W~91?C

915C CHECK IF AA iL JEP FOR T Oq PA -aVE .Er qp - 8 C ;
q25 •" IF( T,GT. 1,34, .(,P.*pH,!C EPGT.! , l •o i• ,

Q35C 1F t ,MA X VAL U;: 3 n v.Q- " L,,AX"I4 ', )b•3 I'4SF• V - {I ,• L ; ; , H *

945C945 T --lT--1 .5
959, GOT 01 1 (

QSc; T'PE FOLLOW ING SECr t• •, T , 1 ",

q95 25 P'RINt2,9DAIA USEr)Pl,
q7P PR INT12) vEL
g4"i PHRINT3,PVTZF-4

986 P ."It," END) OF FLI- Stq17 S I tF
9991 C
995C ERR9k MESs; !GE

1s5 30 PkIrNT,',EI.ROfk IN DTA:CALCL,31IIONS INDICATE I4 M46.hil, y ROOTS FO,, 0 .
1015 GOTO 25
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APPENDIX C

MEASURED SOUND PRESSURE LEVELS AND CORRESPONDING

HELICOPTER LOCATION DATA FOR FLIGHTS 1 THROUGH 7
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CALCULATED SOUND PRESSURE LEVELS AT A CONSTANT DISTANCE OF

200 FEET AND CORRESPONDING ANGLES FOR FLIGHTS 1 THROUGH 7
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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 Pressure 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 anr. - -responding Anqles for Flight No. 3
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TABLE 4D

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 4
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TABLE 5D

Calculated Sound Pressure Levels at a Constant Distance of

200 Feet and Corresponding Angles for Flight No. 5
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TABLE 6D

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 6
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TABLE7

Calculated Sound Pressure Levels at a Constant Distance of
200 Feet and Corresponding Angles for Flight No. 7
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APPENDIX E

POLAR PLOTS OF THE SOUND PRESSURE LEVELS IN EACH

OCTAVE BAND FOR FLIGHTS 1 THROUGH 7
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