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Abstract

A previously developed noise assessment procedure
based onmeasurements of weighted overall noise
levels for conventional aircraft is being used
successfully for noise zoning around airports. The
procedure now has been adapted for application also
in the planning of urban heliport sites.

This paper first reviews the noise assessment pro-
cedure used for conventional aircraft, devoting
particular attention to methods for extrapolating
from measured or derived overall noise levels by
accounting in an empirical fashion for the effects
of sound attenuation in the air and over the ground
and for the subjective effects of noise duration.

It then describes the adaptation of the procedure
in the assessment of noise produced by helicopter
operations. A simple method of accounting for
subjective effects due to the impulsiveness of
helicopter noise is also described.

The procedure dealt with is intended mainly for
land use planning purposes. - It requires only
simple noise measurements or derivation of simpli-
fied data from the much more elaborate spectral
analyses demanded for most aircraft noise certi-
fication work.

Introduction

The International Organisation for Standardization
(IS0) for some years has been engaged in the stan-
dardisation of procedures for describing aircraft
noise heard on the ground. Earlier this year it
published International Standard ISO 3891, the first
edition of a revised document which appeared orig-
inally in 1970 as ISO Recommendation R507. A
current proposal for an amendment to ISO 3891
stipulates further corrections to be applied in the
case of helicopter noise measurements so as to
account for the effects of "blade slap".

Meanwhile, the International Civil Aviation Organ-
isation (ICAO) has already been using such ISO
recommendations in establishing procedures for
aircraft noise certification. At the present time
it is able to impose well-defined and more-or-less
scientifically derived certification limits on all
kinds of aircraft. . -

Unfortunately such restriction on noise generation
at source solves only one part of the aircraft
noise problem. Another part, equally important, has
been given scant attention by the IS0 and ICAO.

This is the problem of predicting and assessing
noise exposure around airports and heliports with
the aim of establishing well-defined noise zones
within which residential development should be
curtailed. 1In the absence of such curtailment,
relatively quiet aircraft operating well within

noise certification limits could still cause
serious noise problems at airports that are
allowed to be hemmed in by populated areas.

IS0 3891 recognises this problem, and even deals
with the relatively simple type of noise measure
required for assessing community noise. ("A-
weighted" overall noise level instead of the
elaborate and somewhat controversial "perceived
noise level”, used in certification, which ne-
cessitates spectral analysis and which is used to
describe no other noise but that emitted by air-
craft). However, the IS0 document fails to stip-
ulate any method for extrapolation from noise
measurements, in spite of the fact that this con-
stitutes an essential part in the land zoning pro—
cedure. Its proposed helicopter "blade slap”
amendment also appears to be designed exclusively
for certification purposes.

The present paper describes an extrapolation proce-
dure, developed in South Africa, which is already
being used for noise zoning around all the country's
existing and proposed new airports and, since
recently, heliports as well, Details of the basic
procedure, applicable to fixed-wing aircraft only,
have been published before (1) to (&), However, a
few comparisons between certain aspects of the pro-
cedure and somewhat similar methods used elsewhere
in the world are here given for the first time.
This is included merely as background to the main
purpose of this paper which is to describe the re-—
cent adaptation of the basic procedure so as to
also include helicopter noise assessment and heli-
port zoning.

Basic Extrapolation Procedure

General

Noise zoning calculations involv§ the determina-
tion of contours of equal noise exposure level, or
noisiness index, around an airport. The noise level
components of these are derived from a set of so-
called reference noise levels, obtained from meas-
urements, each applicable to a particular phase of
the aircraft operation, such as landing or take-off.

Thus, for an aircraft passing through each of a seq~
uence of points along its flight path, a calculation
is made of the slant distance from any such point to
every intersection on a rectangular grid superim-
posed upon a map of the airport and its surround-
ings. The amount of noise reduction along each
slant distance is then calculated, and subtracted
from the reference noise level to find the level at
each grid intersection. The maximum level at each
intersection is noted, and points of equal value
connected to produce noise level contours. Noise
exposure contours are obtained in a similar way.

Reference noise levels are derived from noise level
measurements, either those made for certification
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purposes, or ones specially undertaken. In the
latter case a measured result would be expressed
simply as an overall weighted level Lp (in dB), the
A-weighting sound level meter characteristic being
used to account for the frequency response of the
human ear. If derived from certification measure-
ments, the available results, expressed as 'per-
ceived noise levels" (Lpy), would first have to be
corrected to Lp values. 1In either case the maxi-
mum level measured at a particular ground station
is then adjusted to the value corresponding to that
which would have been measured at a slant distance
of 100 m. This adjusted level is the reference
noise level L.

Such adjustment already requires a certain degree of
extrapolation, but the main extrapolation procedure
becomes involved when the reference level is adjust-
ed to obtain the level at each of the grid inter-
sections. Such adjustment requires correction for
spherical divergence, atmospheric attenuation (a
function of air temperature and humidity as well as
of distance) and attenuation over the ground surface.
Both air and ground attenuation are functions of
noise spectrum characteristics, but these cannot be
accounted for in an analytical fashion unless com—
plete spectral data are available. The simplified
procedure of using weighted overall levels requires
empirical extrapolation.

Empirical extrapolation formulae for fixed-wing air-
craft are discussed in the following sections, and
are shown later to be applicable also in the case of
helicopters. They are thus shown to be sufficiently
valid for a variety of noise spectra : those pro-
duced by the turbojet, turbo-fan, turbo-prop and
piston engines of fixed-wing aircraft, as well as by
the turbine and piston engines, main and tail rotors
of helicopters.

In addition to noise level adjustment, extrapolation
requires consideration of the noise duration asso-
ciated with each aircraft flyover, since this fac-
tor constitutes and important contribution towards
total noisiness. An empirical duration formula is
therefore also provided.

The total measure of noise exposure is termed the
noisiness index(NI), and thus becomes the unit
adopted in contour mapping. The procedure for
determining NI is defined by the following equa—
tion,

Lp/10

1
NI = 10 log10 ;;~§ T 10 (1)
where La = Lo - ALs - ALa - ALg (2)
and AL =  Attenuation due to spherical diver-—
s
gence = 2010g10 (s/so)
ALa = Atmospheric attenuation
ALg =  Ground attenuation
s = Slant distance (metres)
8, = 100 metres
T =  Equivalent noise duration (seconds)
T, = 86,4 x 10° seconds (= 24 h)
n =  Number of aircraft movements

‘to the longitudinal axis of the aircraft.

South African authorities, in their land use plan-—
ning, stipulate that the NI = 70 contour should de-
lineate the smallest zone within which residential
development is not to be allowed. Certain local
authorities impose a stricter requirement: NI = 65.
A value of NI between 65 and 70, a range suggested
by the results of a sociological survey 1) conduct~
ed in the vicinity of Jan Smuts airport, corresponds
approximately to the following noise exposure in-
dices used in other countries.

WECPNL (ICAQ)#* 80
NNI (UK) 45
NEF (USA) 33
CNR (USA) 107
N (France) 90
Q (Germany) 75
B (Netherlands) 50

Slant Distance

The slant distance from any particular point along
the flight path of an aircraft to an intersection on
the ground grid may be determined by simple geometry.
However, since the height of an aircraft at a given
distance along its ground track, from start of roll
or to touch-down, depends upon such factors as en-—
gine power setting, flap setting, loading and at-
mospheric density, its flight path is not always
accurately known or readily predictable: ’

In the noise assessment method for large transport
aircraft the flight path is therefore calculated
from basic data(l), such as 1ift and drag coeffi-
cients for different flap settings, engine thrust
or power curves, and so on, taken together with in-
formation about the pilot's procedural instructions.
In the case of light aircraft the flight procedures
are less predictable, so that measurements of typi-
cal take—off and landing flight paths may have to
be madel%). This is quite readily done by photo-
graphic means.

For turbofan engines or propellers it usually may

be assumed that the maximum noise level is radiated
within a vertical plane more-or-less at right angles
However,
in some instances, such as in the case of pure jet
engines, the angle of maximum noise radiation may

be different. This could then cause comgllcat1ons
in the calculation of slant distance(

Air Attenuation
Atmospheric attenuatlon (in overall level) may be
calculated from the empirical equation:

s - SO s
¢ [ s ] * dlogye o
o] [+

L}

AL, 3

attenuation (dB/100 m) in the third-
octave spectral band centred on
500 Hz, for prevailing conditions

of air temperature and humidity,
as given in ISO 3891.

where € =

slant distance (m)
100 m

air attenuation index

and NI (SA) are readily convertible,

*WECPNL (ICAO;
: WECPNL = NI + 13

as follows
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Empirically determined values of the air attenuation
index are: Y = 4 for both take-off and landing in
the case of piston-engined aircraft; ¢ = O for jet
aircraft at take~off and ¢ = 4 during approach.

These values of § were determined as follows: For
each of several types of aircraft (taking off or
landing) a third-octave band noise spectrum measured
at the distance s, = 100 m was used to calculate
overall levels L, at-100 m and La at the various
distances s = 200, 400, 800, 1600 and 3200 m, using
the standard ISO air attenuation tables to account
for attenuation in individual frequency bands. The
value of ¢ at each distance was then calculated
from the relationship (derived from Equations (2)
and (3)):

1 s

voo= - < [LO - L, - 20log, . 155
819 700
s - 100
e (‘“io—o“)] )

and a mean of these values found by first taking
the average over all distances and then averaging
this result with the value at 3200 m.

The accuracy of Equation (3) was re—tested recently
by carrying out comparative air attenuation calcu-
lations using noise spectra produced during take-off
and approach by five aircraft (Boeing 707 A, 707 B,
727, 737 and 747) at slant distances of 200, 400,
800, 1600 and 3200 m. Six combinations of air temp-
erature and relative humidity were comsidered,
taking thg following values: Temperature -10, 25,
30 and 407; Relative humidity: 10%, 70% and 100%.
The results obtained are shown in Figure 1.

A survey undertaken to establish whether other emp-
irical formulae for the calculation of air attenua-
tion had been developed elsewhere yielded information
on such methods used in France and the United King-
dom. Results produced Ly these methods and by the

25 T T T T 7
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AIR ATTENUATION {IN dB) CALCULATED FROM EQUATION 3

AR ATTENUATION {INdB) CALCULATED
FROM ONE- THIRD OCTAVE BAND SPECTRA

Figure 1 Comparative accuracy of air attenuation
calculations invelving a variety of air-
craft types, operations, distances and
meteorological conditions.

South African method were analysed and compared(S)
with one another as well as with similar results
reported from the United States of America. The
USA calculations had been based on certification-
type spectral analyses.

‘The French formula yields two curves, shown in Fig-

ure 2, which represent limiting values bounding a
range of aircraft types. At the larger slant dis-
tances these curves coincide reasonably well with
the South African curves for different values of ¢
and €. However, at smaller distances both the
French and UK curves tend to bulge higher than the
South African ones. A comparative analysis of the
US data, derived from full spectral analysis, con-
firmed the validity of the flatter shape(®). Com-
parison with US data at larger slant distances was
not possible since at such distances the inseper-
able effects of ground attenuation, which were in-
cluded, became significant.
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Figure 2 Air attenuation calculated by different
formulae.

Ground Attenuation
Ground attenuation (in overall level) may be cal~—
culated from the empirical equation:

_ s, ~Y/2
ALg = n (7 + 1010310 So)e (5)
where n = a factor accounting for ground sur-
face conditions (see below)
s = . slant distance
s = 100 m
o
y = arc sin (h/s), in degrees
h = aircraft height
Appropriate values for the factor n are as follows:
0,5 for hard surfaces
1,0 for grass up to 300 mm high
3,5 for wheat or shrub up to 1,2 m high
7,0 for forests with thick undergrowth

The development of this formula is fully dealt with
elsewherell/. As had been done when examining air
attenuation effects, measured noise spectra were
used to compute overall levels at various distances
in the absence of ground attenuation. The procedure
was then repeated, but with the spectra at success—
ive distances corrected for ground—to-grouna atten~
uation on the basis of published data(6), Differ-
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‘ences between these two sets of overall levels thus
represented the ground attenuation from source to
observer, both at ground level, over a grass field.
From other published data the factor n was obtain-
ed(?) and the factor e~Y/2 derived(8), The latter
factor accounts for the influence of aircraft height
above the ground. At a subtended angle y greater
than about seven degrees the ground attenuation be-
comes negligible, At small angles it is substantial.

The validity of the ground-to-ground part of the
attenuation formula has been confirmed experiment-
ally for a variety of noise spectra: those produced
by turbo-jet, turbo-fan and prop-jet engines, by
piston-engined light aircraft and by helicopters,
both piston~ and turbo=-engined.

Other empirical formulae for ground attenuation are
used elsewhere in the world. Comparisons with these
have been made(5) and have revealed considerable
differences. This is illustrated in Figure 3, where
calculated ground attenuation values are plotted
against slant distance for each of four different
aircraft heights, and the corresponding elevation
angles (8) indicated on each abscissa. Each graph
shows two curves labelled "FR", which are produced
by the French formula. One is for take—off (T0O) and
the other for approach (A) of jet transport aircraft.
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Figure 3 Ground attenuation calculated by diff-
erent formulae.

In assessing the discrepancies among results obtain-
ed, it may be more instructive to consider the
ground-to-ground component and the transition from
ground to air separately. Figure 4 depicts the dif-
ferent ground-to-ground attenuation curves, and Fig-
ure 5 shows the corresponding transition charac-
teristics. ’

The most important differences appear to emerge in
Figure 5. The USA and SA curves imply that ground
attenuation becomes insignificant at elevation

- : ,
fa. .
5530
ga Salet]
g0t :
o2 FRIL)
K

aE o FRITOM .
3° 3
3 . . . .

4] 1000 2000 3000 4000

DISTANCE (m}
Figure 4 Ground-to-ground attenuation compari-

son.
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Figure 5 Ground attenuation transition factors.

angles 8 > 70, whereas the UK and French curves show
considerable attenuation at much larger angles.

Only the USA curve suggests a discontinuity of tran-
sition at an angle 8 = 4 . However, it is believed
that USA practice has since been modified to produce
a curve somewhere between those of the UK and SA.

Figure 6 provides an illustration of the way in
which the effects of ground attenuation cause a
substantial curvature in the noise level contours
of an aircraft on approach. It alsogives some in-
dication of the accuracy obtained with the ground
attenuation formula used in South Africa.
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Figure 6 Comparison between calculated and mea-
sured noise levels of a B 727 aircraft
landing at Jan Smuts Airport (Altitude
: 1695 m).

Noise Duration

The empirical formulae for air and ground atten-
uation calculation based on overall noise levels are
required to render noise zoning computations prac~
ticable. In principle it is still possible to base
calculations on spectral data; indeed, in a few
places, where very extensive computer facilities are
available this may even be done. However, for pre-
dicting equivalent noise duration (t in Equation (1))
there exists no way in which non-empirical extrapo-—
lation can be done with any degree of accuracy. The
relationship 1t v s'/u, where s' is the shortest dis-
tance (in metres) between ground point and flight
path, and u is the aircraft speed (in m/s), may be
used for duration corrections over short distances,
but it soon fails over the larger distances involved
in zoning calculations.

For this reason, an empirical formula was devel-
oped(2) to achieve an encompassing fit with experi-
mental results. The formula appears as follows:

1,85 s'

s [1 - (p - La)/4,34] )
u(l+e v )

where L, is the ambient A-weighted overall noise
level prevailing in the vicinity of the airport
concerned.

The square-bracketed factor in which Ly is contained
is needed to limit the duration correction at dis-
tances where much of the flyover noise (maximum
level Lp) may be masked by ambient noise (level Lj)
in such a way as to render the noise audible for
only a short period. The form of the factor was
derived from a computer simulation of fly-over noise.
It was found that for (Lg - Lp) <4 dB the ommission
of the factor could lead to seriously excessive dur-
ation allowances.

The factor 1/(1 + e-Y/Z) is needed to account for
the effects of ground attenuation where during ini-
tial and ultimate phases of flyover the elevation
angle B is small, low levels rendered inaudible,
and duration accordingly reduced.

The validity of the formula has been confirmed for
the flyover noise of jet transport aircraft, piston—
engined light aircraft and helicopters, by comparing
duration values yielded by it with results obtained
from "energy'-integrations of measured noise level

in accordance with the definition of
duration:

IloLAi/lo dt

1OLA/10

histories,
equivalent

€]

the noise level at time t, the level
maximum value of Lpj.

where Lpi is
La being the

The only confirmation that could be obtained from
results reported elsewhere involved comparing val-
uves of Apy = 1010g10 (t/10) with corresponding
values of the quantity (LgpNy - Lpn). The effective
perceived noise level Lppy and the perceived noise
level Lpy are the units used in certification meas-
urements, and by definition their difference amounts
to the duration allowance Apy.

Information obtained from the USA was used in

.making such a comparison(5), and yielded discrepan-

cies of less than (or at worst equal to) 2 dB over
various distances from 100 m to 3050 m, for two
different aircraft, at different speeds, one in
cruise and the other on approach.

A somewhat similar exercise was also carried out
using the A-weighted levels of helicopter noise
measured during the test programme referred to in
the sections following. During these tests both Lj
and Lgq levels were measured, Leq being defined as:

Leq = 10 log; = I 10041710 4¢ (8
where T may be any given period of time.
Thus (see Equation (7)):
Leq + 10 log;q T = 10 logy, I 10041710 g¢
= LA + 10 logyy T (9)

Since Lpgq, Lap and recording time T were all known,
T could be determined. Again the empirical values
were confirmed.

Helicopter Noise Assessment

Reference Noise Level

In the case of fixed-wing aircraft, as mentioned
Before, reference noise levels for use in zoning
calculations could either be derived from the re-
sults of certification data or measured especially
by relatively simple means. In the case of helicop-
ters, it seems probable that certification data
might be of little use, since it is anticipated that
the ICAO might confine certification measurements
to the approach and flyover conditions. For zoning
purposes it is essential to have reference levels
for hover and take-off as well.

In this connection it should be borne in mind that
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certification requires maximum accuracy and repeat-

ability, and that this is incompatible with the com-
plexity and variability of hover and take-off noise

spectra. For zoning purposes such a high degree of

accuracy is not required.

A minimum scheme for a noise survey to establish the
required reference noise levels for zoning purposes
needs only four (or even three) measuring points
(see Figure 7). Two of these could be situated
along 4 line drawn through the landing pad, at right
angles to the ground track of the helicopter, at
distances of 100 m on either side of the pad. The
other two could be situated along the ground track,
at distances of 300 m on either side of the pad.

The latter two points are for the measurement of
approach and take~off noise respectively. However,
if the test helicopter can be turned around to ex-
ecute both take-off and approach along the same
track, on only one side of the pad, both approach
and take-off noise can be measured at the third
point, rendering the fourth redundant.

APPROACH TAKE - OFF

MICROPHONE
STATIONS
/ X3 00m
300m 300m

Figure 7 Simplified flight path segments and
proposed locations for microphone sta-
tions.

Only A-weighted maximum overall noise levels (Lp)
need to be measured, and these must yield four ref-
erence values: for take-off, approach, hover and
flyover. Take-off or approach level is measured as
the aircraft passes over on an established flight
path, consistent with "normal" operational proced-
ures and "typical" loading and weather conditions.
Flyover level is recorded at any or all of the
measuring points as the aircraft passes over along
the same track as that used for take-off and
approach, at a height of 100 m and/or 150 m, and at
normal cruise speed. Hover noise measurement is more
complicated. The noise should be measured at both
the two lateral points while the helicopter is hover-
ing over the pad at the height normally associated
with transition from landing approach to touch-down.
Eight such measurements should be made, one each for
the helicopter facing in a different direction, it
being rotated through increments of 45 starting
from the direction of the ground track.

The measured take-off, approach and fly-over levels
(Lp) are readily converted to reference noise levels
(Ly) by correcting for differences between actual
slant distances and the 100 m reference distance,
using Equation (2). The hover levels require prior
inspection to determine the magnitude and direction
of radiation of the makimum value recorded. This
one is then taken to be the reference level.

It should be noted that in the hover condition the
levels on either side of the helicopter could dif-
fer by as much as 10 dB. Using the higher value in
land zoning calculations does not necessarily im-
ply undue pessimism since it must be taken into ac-
count that the normal approach path towards a heli-
pad could, depending upon wind direction, also ser-
ve as the take-off path, thus rotating the noise
radiation pattern through 180°.

It is also important to note that the noise measure-
ments carried out at a particular site should only
be used in the zoning of sites situated at similar
ground altitudes and in regions where similar am-
bient temperatures prevail. At a site situated dif-
ferently the prevailing air density could be suf-
ficiently different not only to substantialy modi-
fy the flight path geometry, but also to influence
the character of the noise produced.

Consideration of the complicated noise radiation
pattern associated with a varied array of helicopter
noise sources (engine, rotor, tailrotor) and of the
way in which spectral characteristics change with
different modes of flight, has tended hitherto to
discourage attempts at formulating the simple des-
criptors required for heliport noise zoning. How-
ever, as will be illustrated in the following sec-
tions, it is now found that the relatively simple
treatment suggested here produces adequate and suf-
ficiently accurate procedures for zoning purposes.

Slant Distance

For the purposes of zoning calculations the simpli-
fied flight path configuration illustrated in Fig-
ure 7 is assumed to be representative. It is divid-

ed into five segments:

(1) Approach at an angle 6.

(2) Hover prior to touch-down at a height hz.

(3) Horizontal take-off acceleration over a dis-
tance x, and at height h3.

(4) Take-off climb at angle GA‘

(5) Cruise at height h

5
The various heights and angles are best determined
by photographic means, but could be confirmed
against cockpit readings of speed, altitude and
rates of climb and descent. In the photographic
analysis it is often convenient to scale distan~
ces by comparing them with known aircraft dimen-
sions. Once the heights and angles are determined
the slant distances from points along the flight
path to points on the ground grid intersections
are readily calculated. :

It should perhaps again be emphasised that the
flight path configuration is much influenced by air
density conditions associated with prevailing
ambient temperature and heliport altitude.

Extrapolation

Reference noise levels and slant distances for
helicopter operations are thus defined, enabling
the extrapolations required for heliport zoning to
be undertaken.

Tests conducted with three helicopters (a turbine-
engined Alouette III, a piston-engined Hughes 300C,
and a turbine-engined Bell Jet Ranger 206B) showed
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that the empirical formulae for air attenuation
(Equation (3)) and ground attenuation (Equation (5))
remained valid. The value of the air attenuation
index was found to be Y = 4. The noise level con-
tours shown in Figure 8 illustrate the accuracy of
extrapolation achieved.

In the contour set for Hughes landing there are two
measured levels shown in broken circles. These are
hover levels on the less noisy side of the helicop-
ter. The contours for Alouette landing show simi-
lar levels, but these and their counterparts on the
noisy side are displaced by an angle of 45°. This
corresponds to the measured angle of maximum noise
radiation during hover.

The reference noise levels used in the computations
were derived from measurements and are listed in
Table 1.

The empirical formula for equivalent duration
(Equation (6)) was also found to remain valid for
helicopter operations. Of course, the duration of
hover prior to touch-down has to be determined sep-
arately. This could be done by direct timing or by
subsequent analysis of ciné records. The average
helicopter speed during the take-off segment may be
assumed to be half the speed attained at the end of
the segment, while speeds in the approach and climb
segments are assumed to remain constant.

—80— CALCULATED CONTOURS
@) MEASURED LEVELS(L,)

HUGHES APPROACH

ALOQUETTE * APPROACH

Table 1

Reference levels L, in dB

FLIGHT SEGMENT
HELTCOPTER 1 2 3 %
APPROACH HOVER TO ACCEL. TO CLIMB
Bell 72 77 73 - 73
Hughes 78% 82 82 82
Alouette 86 92 89 89

*Determined from measurements made at a distance of
700 m from the pad along the approach track.

On the basis of these assumptions, and using Equa-
tion (1), contours of equal noisiness index (NI)

were computed for the three aircraft tested, each
for an assumed 50 movements per day. The results
obtained are shown in Figure 9. It should be borne
in mind that these contours, as well as those of
Figure 8, apply at a site near Pretoria, situated

at a ground altitude of 1400 m. Ambient temperatu-
res were 199C during the Alouette and Hughes flights,
and 35°C during the Bell flights.

The "measured" values indicated on these contours

SCALE: HOOm

HUGHES TAKE - OFF

85
% \

- &

ALOQUETTE TAKE - OFF

Figure 8 Noise level countours.
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JET RANGER

HUGHES

ALOUETTE

Figure 9 Predicted NI contours for 50 movements
per day. Ringed values were derived
from measurements.

were also obtained from Equation (1), but with mea-
sured values of Ly inserted, and with 1 obtained
from Equation (9) for measured values of Leg and La.
Agreement between computed contours and "measured"
points is seen to be good.

As mentioned earlier, the conservative limiting
value of NI, defining the area within which noise
exposure is considered excessive, is NI = 65. Acc-
ording to the curves of Figure 9, a Bell helicopter
traffic density of 50 movements per day should then
not cause excessive disturbance were they to opérate
in the Pretoria area from a clear heliport zone
slightly less than 200 m long and 100 m wide.

Flyover Noise

In general it could be expected that heliports
would be established in business and industrial
areas of cities, rather than in residential areas.
However, the helicopters may fly routes that take
them over residential suburbs. "It could then be-
come desirable to impose height restrictions on such
fly-overs. .

Having determined a reference noise level L, for
fly-over noise, the level that will be perceived on

the ground directly below a helicopter flying at
height h may be calculated from Equations (2) and
(3), taking ALg= 0, (s - sg)/so= 1 and ¢ = 4.
Thus:

h
Ly = Lo - 24 1°g10 100 (10)

By way of example, Table 2 lists predicted noise
levels produced by the three helicopters tested,
flying over at 300 m.

Table 2

Flyover noise levels at h = 300 m

ATRCRAFT La (in dB)
Bell 66
Hughes 71
Alouette 79

Such information about noise levels generated in a
community, even where noise exposure levels (NI)
may be relatively low, are often of interest to
town planners and architects.

Blade Slap Noise

So far no mention has been made of a particularly
irritating sound sometimes produced by a helicopter,
namely the noise due to blade slap. As it happened,
no blade slap noise was encountered during the noise
surveys dealt with in the preceding sections. Never-
theless, this type of noise does occur quite often,
and must be taken into consideration.

To account for the subjective effects of blade slap
noise it is necessary to add an impulsiveness cor-
rection (A1) to any measured noise level (Lp). A
simple way of determining the value of the correc-
tion has been devised(9), and may be formulated as
follows:

A L (11)

I = leq(r) ~ Leq

where Loy is the equivalent noise level (see Equa-
tion(8))measured on an instrument set to "slow”
response, and Lgq(I) is the corresponding value
measured with the instrument set to the standard
"impulse" characteristic.

A much more complicated method, and one which
appears to be designed exclusively for certifi-
cation measurements, is currently being consider-
ed for adoption by the ISO in a first draft pro-~
posal for amendment to ISO 3891. It requires an
analysis, done in half-second intervals, and
involving signal sampling rates of the order of
5 k Hz, to compute a parameter I which is then a
function of noise wave form magnitude. Event-
ually, on a purely empirical basis, the correc-—
tion Ay is defined as:

A = 0,8 (10 logy, I - 3) (12)

The constants are introduced and their values
chosen so as to limit the correction to a "reason-

- able" ‘maximum magnitude (5,5 dB), and so as to en-

sure that its adoption would not in any way im-
pinge upon or influence the noise certification
of jet transport aircraft.
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It is of interest to compare results produced ac-
cording to this concept with those yielded by
Equation (11). This may be done by using infor-
mation obtained from Westland Helicopters Limit~
ed(10) about subjective reactions to recordings of
the noise produced by a number of helicopters and
helicopter operations, together with information
obtained from the originators{l1) of the parameter
I used in Equation (12). The latter had analysed
the same noise recordings, determining a value of
I for each. Definition of the parameter has since
been somewhat refined by the incorporation of dif-
ferent integration periods and normalised sampling,
but although its numerical value has thus changed
its essential character remains unaltered.

The results of the analysis, i.e. values of I for
the various recordings, yield the points plotted
in Figure 10(a) when inserted into a different em~
pirical formula, one which defines:

AL = 0,24 (10 logjg I = 4,2) (13)

The curve drawn through the points on this graph
is identical to the curve shown in Figure 10(b),
the points on which had been derived from the
same recorded data but by using Equation (11).
Clearly, the simple method of measuring directly
the values of Leq(I and Lggq produces essentially
the same result as i1s achieved by the much more
complicated analysis required to determine I.

Ag = 0.2 (1010gI - 42)

&
H
&
3
2

0 —
NONE MARGINAL MILD SEVERE
ANNOYANCE RATING

D p=teq(r) "Leg

i I T L - )

]
NONE MARGINAL MLD SEVERE
ANNOYANCE RATING

Figure 10 Comparison of impulsiveness correc-
tions determined by different methods.

In passing it may be mentioned that the idea of
defining A; as in Equation (11) arose from work
done in connection with community response to
fluctuating noise. It had been found{12) that
differences between Leq(1) and Lgq mot only
correlated well with results produced by the so-
called derivative methods for the assessment of
fluctuating noise (measures based on functions of
dLA/dt)(13 but that, quite fortuitously, they also
appeared particularly sensitive to the presence

of helicopter blade slap noise.
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Conclusion

Although the relatively simple procedure for the
assessment of noise exposure around heliports pro-
posed here involves no spectral analyses of noise,
and is based on the assumption of a much simpli-
fied flight path, it nevertheless appears to pro-
duce results with an accuracy which is almost
surprising. An accuracy which certainly seems
sufficient for noise zoning purposes.

However, it is recognised that while basically
the same procedure has been well-proven already
in the case of fixed-wing aircraft, its applica-
tion to helicopters so far has been limited to
the tests and calculations dealt with in this
paper. Further evaluations, involving a wider
range of helicopter types, remain desirable,
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