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Swedish Aircraft Noise Calculation M odel

This model is based on the Nordic Method, Air TicaNoise Calculation-Nordic

Guidelines, Nord 1993:38, which defines the techindemands that air-traffic
noise calculation models must fulfil in order thilagé calculation results can be
accepted by the environmental authorities of therdMo countries. The

segmentation method is used. The calculation efenxom each segment is
dependent on actual speed and power setting in ®sgient. The method is
intended for computer implementation.

1. Principlesfor Preparation of Calculation Assumptions

Air-traffic noise calculations cannot be made uhié necessary information
determining the individual calculation task hasrbpeovided.

The calculation assumptions are divided into faougs:
11 Traffic Assumptions

* The calculation situation which can be charactdriby the existing
(perhaps previous) or a future traffic

The number of operations, perhaps distributed naraber of traffic cate-
gories

Time-of-day traffic distribution
Distribution of traffic on aircraft types.

12 Operational Assumptions

* Runway configuration with indication of directiongengths, surfaces,
plans for extension, etc.

Runway use, which is dependent on local wind camultcombined with

air traffic destination and places of origin. Thaway use might also be
affected by environmental restrictions. Eventuathe runway use might
depend on the wind sensitivity of the individuateaft.

The flight track system which is the horizontal jemtion of the flight
paths used by the air traffic. The flight trackteys is defined by flight
tracks or flight sectors. For both flight tracksddtight sectors horizontal
dispersion of the traffic must be defined.

Traffic distribution on the specific flight tracks flight sectors.
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1.3 Noise and Perfor mance Data

Determination of the noise exposure requires thatftllowing information is
available for each of the aircraft types used:

» The sound exposure levehd.and the maximum A-weighted sound pres-
sure level limax @s a function of the shortest distance to theafirduring
fly-over and as a function of the engine powerisgtt

Flight profiles during take-off and departure giital take-off weights, in-
dicating the altitude, speed, and engine powemnsgetts a function of dist-
ance to start of take-off roll

The flight profile during arrival and landing
Formats of noise and performance data are defm&ection 3.

For civil aviation airports and military air basesiculation of noise exposure is
in general made for each individual aircraft type.

For general aviation airfields the number of aiftctgpes is often considerable,
and a simplification is necessary. The principlesedu to simplify the
calculations, described in Danish Miljostyrelserp®# 1992:5, are based on a
noise and performance classification. All propetlewen aircraft types with an
MTOM of 5700 kg or lower are divided into 4 "noiskasses"”, each 5 dB wide.
The noise classification is based on thg,d-value measured during noise
certification. All types are further divided into"Brofile classes" depending on
the take-off profile gradient. Any propeller airftriraffic mix can subsequently
be simplified to a maximum of three "average typesh a take-off profile each.

If an air traffic noise exposure calculation inagdhelicopter operations, these
must be treated separately. The flight track wileo diverge from fixed-wing
aircraft tracks, and the take-off procedures arstimspecific for the operator.
Normally, the calculation assumptions need to kebdished in co-operation
with the operator.

14 Calculation Principles

The calculation principles shall comply with thengiples of the model de-
scribed in Sections 4 and 5. In general the saineiples are used for calcula-
tion of noise exposure for civil airports, geneaalation airfields, and military
air bases. The principles include assumptions coinege.g.:

» Air attenuation factors for sound propagation (iield in the NPD data,
see chapter 3.1)

* Lateral attenuation model
* Directivity pattern of noise source

* Forward speed effects on noise emission (flighecjf
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2. Calculation Result

The model is made for calculation of the equivalkmeighted sound pressure
level (Laeg) @s well as for calculation of the maximum A-weggh sound pres-
sure level (lamax)-

The model concerns only the calculation methodglegyereas the method for
rating aircraft noise (FBN) is not included. Thémg method include guidelines
for how the single noise events have to be weightguending on the time of
day they occur.

3. Input Data Formats

3.1 Noise Power Distance data, NPD

Depending on whether the calculation result shalkkkpressed as FBN Adg) or
Lamax the input noise data for each individual aircia® the sound exposure
level Lag or the maximum A-weighted sound pressure leyghi

For each individual aircraft the noise data areegin a format showing the
noise level as a function of distance to the ait@ad engine power setting. The
format which is identical for Ae and Lamax iS Shown in Table 1. Distance and
engine power are given in ascending order.

In general the noise data are taken from the Nad¥dise and Performance Data
Base which also contains a method for estimatiohagfx from Lag (and vice
versa). The Nordic Noise and Performance Data Bassists of data from the
largest operators in the Nordic countries. For othecraft reference is made to
the database in FAA Integrated Noise Model.
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Distance Engine power setting
P P> Ps R

dy L1t Lo L3 Lin

dy Lot L2 Los Lon

d3 Ls1 Ls2 Las Lan

dm I-ml I-m2 Lm3 I-mn
Table 1.

Noise data format: A\g or Lamaxas a function of the closest distance d and
engine power setting P.

The noise levels in the format correspond to thisentevel measured during a
fly-over. During the fly-over the aircraft is assedy within the time period
which determines the noise metric, to follow aigtiapath with constant speed
and power setting. The distance in the format ésdlosest between aircraft and
measurement position during the fly-over. The eagiower is expressed in the
unit of relevance to each individual aircraft. Tlésfor jet aircraft normally
thrust in Ibs per engine. The noise level in thenfat is corrected to comply with
the atmospheric attenuation factors described iIAE©oc 29, ICAO Cir 205
and SAE Air 1845. The validity range is: air tengieres less than 30,
product of air temperaturéQ) and relative humidity (%) larger than 500, wind
speed less than 8 m/s. Faoielthe reference speed corresponding to the values in
the format shall also be stated.

Estimation of noise levels at distances and powtings between the values in
the format is made by interpolation. Linear intégbion is used between two
power settings whereas logarithmic interpolatiomised between two distances
according to Equation 1.

logd - logd,

L(d) = L(d) + (L(d2) - L(dy) log d, - log d;

(Equation 1)

where L(d) is the noise level at the distance d,
L(d;) is the noise level at distanceid the format immediately
below d,
L(d,) is the noise level at distanceid the format immediately
above d.
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The interpolations used are illustrated in Figureviiere P is the power setting
and R and B are the power settings in the format immediatelpl and above
P.

P2

P\
\

dq d dyp

Noise level

v

Shortest distance (logarithmic axis)

Figure 1.
Interpolation ir the noise data format.

The noise data should preferably cover all distaraoed power settings of rele-
vance to the noise calculations. Most data basesr ¢be distance range approx.
60-7600 m (200-25000 ft). If not so, it is necegsarextrapolate the data. Extra-
polation is made by the same principles as inteitpmi.

3.2 Performance data

Performance data for each individual aircraft tgpel take-off and landing pro-
cedure are given in a format showing the heighhefaircraft relative to the run-
way, the speed relative to the ground (ground spemd the engine power
setting as a function of the distance from statedif when brakes are released
(take-offs) or end-of-roll (landings). In this watpere is no fundamental
difference between take-off and landings, as aitgndnay be regarded as a
take-off performed backwards. The performance féataat is shown in Table
2. The distances x must be in ascending order. @gutation of lamax the
information on ground speed is not used exceptcldculating flight effect
during take off roll.

Between the heights and the engine power settinggthé format linear
interpolation is used. Between the speeds an iof®ipn is used assuming
constant acceleration.
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This interpolation principle is defined in Equatian

V = \/Vf + (V% - Vf) XK (Equation 2)
X2 - X1
where x is the distance from start-of-roll/endroiff;
\% is the speed at the distance X, (ref sectioh 4.2
V1 is the speed at distancgir the format immediately below X,
Vs, is the speed at distancgir the format immediately above x.
Distance from Height Speed Engine powar
start-of-roll/ setting*
end-of-roll
Xo hO Vo Po
X1 hl Vi P
X2 h2 V2 PZ
X3 h3 V3 P3
Xn hn Vﬂ Pn

* P is the engine power set at a point. The powenaintaine
through the segment to the next point.

Table 2.
Performance data format: Height, speed, and engmeer set-
ting as function of the distance from start-of-tedid-of-roll.

The reference conditions for the performance dega a
* ISA atmospheric (18, 70% relative humidity)
* 4.1 m/s (8 kts) headwind, no wind gradient
* No runway slope

» Airport at sea level
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In general the performance data are taken from Nwedic Noise and
Performance Data Base and INM as a complement.

4. Calculation Model for a Single Event

The calculation model outlined in this section dapted to the requirements
concerning calculation result metrics (Section 2)d ainput data formats
(Section 3).

The conditions for using the noise and performadata to calculate Az or
Lamax in @ calculation point without any corrections ésee Section 3):

. The calculation point is placed on the flight trgbkneath the flight
path).

. The path (and therefore the flight track) musttoaight on the section
which determines the noise metriElor Lamax)-

. The speed (only for Ag) and power setting have to be constant on the
section which determines the noise metric.
. The speed has to be equal to the reference spelyddoLag).

These conditions are in practice, not fulfillede #ingle event noise level has to
be corrected. The basic model for calculation & tioise level without any

corrections are described in Section 4.1. The cboes are described in

Sections 4.2-4.7.

Segmentation

The flight path is divided into segments. The basgmentation is dependent
on the structure of the performance data. In amdib that basic segmentation,
the take-off run and turns are divided into seveegyments. When calculating
the dose (FBN) the noise energy from each segrmettded, taking account of:

» The proportion which depends on the angle fromadbsgervation point to
the start and end points of the segment

* The thrust used within the segment

* The speed in the midpoint of the segment

The lateral attenuation is dependent on the nomeésséon angle. When
calculating noise from a flight the same lateraemation is applied for all
segments.
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4.1 Basic Calculation for each segment before Corrections

For a given flight track and flight profile the pbion the path for which the dist-
ance to the calculation point is shortest is detgech This is illustrated in
Figure 2. In the figure thelosestpoint is denoted P and calculation point B.

e

AN Flight Track

Figure 2.
Definition of geometrical parameters.
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From the performance data format the hejghpoint Pjs determined. The - { Deleted: in

distance from P to B denoted d is calculated. Basethe distance d and the [Deleted: are

engine power setting the uncorrected noise leweéfzh segment can be deter-
mined from the noise data format. Distance d mmated according to Figure 2
even if point P lies beyond the ends of the segment

Since the speed in a segment normally deviates themeference speed for the
noise levels in the format (only font), it is necessary to make a correction for
the change in duration of the noise event causethdychange in speed. The
correction is described in Section 4.2.

If the calculation point is not placed beneathftight path, but laterally, a cor-
rection has to be added for the excess lateralat®n as described in Section
4.3. The lateral attenuation is basically a functof the elevation angl@&

Deleted: P’

- | Deleted: P’

Deleted: P’

the noise emission angle for jet aircraft is dieelcbackwards, the Swedish - [ cted: o

model requires an adjustment described in Secti8n 4Point_P'in Figure 2

[
1
becomes hereby the normal to the plane definetidoypoint PQ, and B. Since | Deleted: PP
[
E

Deleted: Q

. . P e Deleted:
path is the noise emission angle. {eteted: o

—J JC _JC

The calculation of the proportion of noise enemgnf each segment is described
in Section 4.4.

Methods for calculations of the noise from groualll are described in Sections
4.5 and 4.6 for take-offs and landings, respeativel

If the flight track is not straight, but includeseor more turns, a correction has
to be added due to the change in duration caus#uehyack geometry (only for
Lag). Correction for track geometry is described ictia 4.7.

4.2 Correction for Duration

If the speed of the aircraft changes, the duratibthe noise event will change

also. Therefore, if the speed of the aircraft degdrom the reference speed for
Lae in the format, it is necessary to make a correctow the change in duration

within each segment. The speed in the midpoitagh segment is used for the
calculation. Interpolation is performed according=quation 2. The correction

for duration is calculated by Equation 3.

ALy = 10 Iog% (Equation 3)
where Vet is the reference speed for the noise data indimedt,
\% is the current speed given in the same unitg.as
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The duration correction is of no relevance wheguating maximum levels.

4.3 Correction for Lateral Attenuation

If the calculation point is not placed beneathftight path, but in a lateral posi-

tion, a correction has to be added for the excassuation by the terrain sur-
face. In connection with aircraft sound propagatiois attenuation is called la-
teral attenuation. Often the term ground attenunasaised instead of lateral atte-
nuation. However, this may lead to misunderstargjimg ground attenuation
normally is defined as the excess attenuationiveldd the free-field level (no

ground is present) whereas the lateral attenuaBothe excess attenuation
relative to the overflight level.

The lateral attenuation model, described in SAE A1, is combined with
equations for the downwind conditions. SAE AIR 17&ssumes a flat terrain
surface covered by short-cut grass.

Lateral attenuation is based on the elevation amfollee segment, and the
distance to the segment. Lateral attenuationlcsilzded separately for each

segm ent.
Deleted: Lateral attenuation is

K based on the elevation angle of the

. . . . AN closest segment, and the distanc
Referring to Figure 2, the elevation angle used datculation of lateral ' | tothat segment. The same lateral

attenuation of noise from propeller aircraft, @ jet aircraft whose maximum 2296;‘;?32“ is applied for all

directivity angle is 90 degrees, is the angiedicated between!®? and PB. \ }

************* . ( Inserted: , and the distance to
Most jet aircraft have directivity toward the redn Figure 2, Point Q represents = _that segment
the aircraft at a position such that the angle betwPB and PQ is the ( Deleted: )
complement of the directivity angle. When calculgtlateral attenuation of
noise from jet aircraft the anglgis based on the maximum noise emission
position. The following distances are defined iguFe 2:

h is the aircraft height at P, the point closeghtcalculation point.

| is the closest distance between the calculationt @md the projection of the
flight track on groundpoint Q

h, is the height atP’, the point where maximum noise is generated when Deleted:’
Deleted: Q

(

(
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { Deleted: ’
ground, analogous®@. [Deleted: o
(
(
(
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I is the distance between the pointeQd the calculation point. Deleted: *

Two elevation angles may be define@ii = ARCTAN (h/l) (indicated asg in Deleted:

Figure 2), and3, = ARCTAN (h’)") (analogous angle for maximum emission | Deleted:

point). Each of these angles has a corresponding distamdth 5 andl’ with - Deleted: The larger of these tw
(. Attenuation will be computed for bof | pairs, and the smaller attenuation Zﬂg:isﬁmllfffjiﬂljjoﬂi‘ﬁgf; |

used in the model. attenuation
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Downwind conditions should be assumed when calcgjdateral attenuation.
The downwind conditions are calculated by modifmatof the elevation angle.
The modified elevation ang[® is calculated according to Equations 4 and 5.

LB = L+ ALY (Equation 4)
where

AB(£)=1.13l0g (2 +525)-3.03 ¢<914m
AB(£)=3.66¢=914m (Equation 5)

The hypothetical lateral attenuation G(I) in dB #orcraft on the ground under
calm conditions is calculated based on the horaodistance | (in meters)
according to Equation 6.

Equation 6
G(¢) =15.00(L- €°**™)for 0</ <914m (Eq )

G(¢)=13.86/>914m

If the the horizontal distance is larger than 914hme lateral attenuation (3 is
calculated based on the modified elevation afdie °) according to Equation
7.

. Equation 7
G(8')=3.96-0.0663"'+9.9¢*'¥ for 0°< B'< 60° (Eq )

G(B')=05">60°

When the aircraft is airborne and the horizontatatice is less than 914 m, the
lateral attenuation @(,l) is predicted by a transition equation as shawgqua-
tion 8.

G()G(8)

GB.0= 13.8¢

(Equation 8)

Equations 6 and 7 are illustrated in Figures 34and
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SAE AIR 1751. Recommended prediction curvgfo0.

=
=
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Modified elevation angle g, degrees
Figure4

SAE AIR 1751. Recommended prediction curvgforO and | > 914 m.

4.4 Proportion of Noise Energy from Each Segment

The following methods shall be used for determoratf the effect of power
changes on Anax and the determination of proportion of noise endrggn each
segment for the calculation ofat If directivity data is not available the
maximum noise emission angle is set t6 86m the tail for jet aircraft and 90
for propeller aircraft.
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4.4.1 Energy Proportions from Two Segments

This section describes the principle for addingsaa@nergy from two segments
for calculation of Iag.

Knowing on the one hand, the shortest distance deivthe calculation point B
and the aircraft path d, and on the other handdifesetivity anglea, the first
step is to determine the pointgRvhich is the position of the aircraft on the line
from the aircraft along the maximum directivityetition to the calculation point
B as shown in Figure 5.

The second step is to find the imaginary calculation point frpendicular to
the direction of the aircraft on the distance drfrihe point .

The third step is to determine the angf, (in °) between the direction of the
aircraft and the direction B'. P, is the point where the power setting is
changed from Mto M.

If PmB is more than three timegB, the effect of changes in power setting may
usually be ignored when calculatingelwhereas twice is usually enough when
calculating lamax-

M, M

-

R
= flight path

R

0]
L

flight track

Figure5
Definition of geometrical parameters for predictioha change in power setting

The effect of a change in power setting on the doexposure level Ak is
calculated according to Equation 9.
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L ae(d) L ag,2(d)

Le(@ = 10 log Fg, 10°5” + (1-F@,)10™%")  (Equation 9)

where Lagi(d) is the sound exposure level in distance deptiwer
setting before R,

Lag2(d) is the sound exposure level in distance dapthwer
setting after R,

F®m) is the proportion of the sound energy frém 0° to 6 = 6y,

If the speed is different between the two segméehés) Lag ; and Lag » should be
adjusted according to the duration correction, Equoée.

The proportion of the sound energy}{rom  to 0 is calculated according to
Equation 10.

6 sin(6) cos@ )

FO) =
©) = Tac n

(Equation 10)

4.4.2 Energy Proportionsfrom Threeor More Segments

The principle is easily extended to cover threenmre segments as the
proportion of the energy frorfy,; to 8z is equal to Fm2)-F(Om1). Figure 6
illustrates a situation where there are three setgnerhe angle8n,; andb,, are
indicated.
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e ml emz a
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B B

Figure6

Definition of geometrical parameters for predictiohtwo changes in power
setting

The proportion of sound energy between 8nd Ry, is given by Equation 11.

FO,,) —F.)= Hmi;cg"‘l _SinGre) COS@”‘Z);SIn(g"‘l)COSG”“) (Equation 11)

If the three segments sketched in Figure 6 havafgignt contributions to the
noise, then Equation 9 would be modified to Equmatia.

d)

Lae1(d) L ag,2( Lae,3(d)
L ae(d) :1OIog(F(em1)10 10 +(F(n2) - FOm)N10 10 +(1-F(@m))10 10 )
(Equation 12)

It is straightforward to extend Equation 12 to dpiteary number of segments:

Lag,(d) .
Lae(d) =2010g Y (F(@rm;1) - F@mi) )10 10 (Equation 13)
N

4.4.3 Correction to L amax for Change in Power Setting

The effect of changes in power setting on the marinbamax is calculated ac-
cording to Equation 14. The highest of the tworakéive values in Equation 14
is used.
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(Equation 14)
LAmax(d) = LAmax,l(d)

LAmax(d) = LAmax,Z(d) + 10 |09(Sin4(9m))

where  lamaxi(d) is the maximum level in distance d at the posedting
corresponding to the segment which contains P,

LamaxAd) is the maximum level in distance d at the posedting
corresponding to the adjoining segment.

Also in the case of maximum levels the principleyneasily be extended to
cover two or more changes in engine power settsghe second alternative in
Equation 14 is repeated for each power setting

4.5 Noise during Take-Off Ground Roll

Prediction of the noise exposure in a calculatiomiplocated along the runway
or behind the start-of-roll is a very complicatedttar. As mentioned above, the
conditions for using the noise data from the forméhout corrections are a
straight infinite flight path and constant speed gower setting. During the ac-
celeration of an aircraft from start-of-roll tothdff neither of the conditions are
fulfilled. Furthermore, the noise emission from #mgine jet stream, which is
normally the main noise source for jet enginesighly affected by the speed of
the aircraft even if the power setting is kept ¢ans This effect, which is most
often called the "flight effect," causes an attéimmin the noise emission of ap-
proximately 0,036 dB for every knot (kts) the spéedhcreased. This effect is
especially important during take-off ground roll vl the noise emission in
most cases is 5 or 6 dB higher at start-of-roll parad to lift-off.

In the new version of the Swedish model, segmiemtas used, with procedures
similar to those used in the Integrated Noise Maohel Noisemap. The takeoff
roll is divided into ten segments.

The geometrical parameters of the method are dbfm&igure 7. The angle

is the noise directivity angle, typically 50 degsder jets aircraft and 90 degrees
for propeller aircraft. “Forward of start of takéooll” refers to positions to the
right of the dashed lines at angld¢o the start of roll (left end of Figure 7), while
“behind start of takeoff roll” refers to positiots the left.
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Figure7
Definition of geometrical parameters during také-ground roll.

The speed of the aircraft at point P along the maynis given by Equation 15.

V = \/Vg + (Vf - Vg) X (Equation 15)
XL
where \p is the speed at start-of-roll,
Vi is the speed at lift-off,
X is the distance from start-of-roll to midpoiritsegment,
XL is the ground roll distance in the same unit as x.

At a receiver point B, adjacent to runway posit®m@nd distance d from it, the
Minimum Method specifies that the sound exposuwelles calculated according
to Equation 16.

Lac (X,¥) = Laero(d) + ALy - G(0,d) (Equation 16)

where Lagto(d) is Lag at the reference speed, distance d and powengetti
corresponding to lift-off,
ALy is the duration correction calculated as described
Section 4.2.
G(0,d) is the lateral attenuation as describeSidction 4.3
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Equation 16 is valid at distance d small compawethé length of takeoff roll.
Distance d must actually be small compared toehgth of a section of takeoff
roll over which the speed V does not change subathn A criterion similar to
PmB being more than three timegER discussed earlier, is applicable. When d is
larger, segmentation as described in Section 4.4t tmel used. In view of this
issue, it is more practical to always use segmiemt@nd never use Equation 16.
Calculation of L for takeoff roll, forward of the start of roll, ibus performed
according to segmentation as described in Secti2.4 To ensure continuity of
results, the contribution of the first segment asnputed with6; = (°, i.e., the
first segment is modelled as if it continued to usinnfinity at a speed of 16
knots.

The speed Y at start-of-roll is specified to be 16 kts. Theesg has not been
chosen as representative of a typical speed, therrgo ensure that the predicted
noise levels correspond to the measured noisesleftdr having added the cor-
rectionALy. In this way the correction includes changes imatian as well as
the flight effect. For a lift-off speed of 160 Kise 16 kts correspond to correc-
tions of +10 dB at the start-of-roll relative tdtdoff. In the Nordic Noise and
Performance Data Base, which is mainly based orma [Bdse 10 of the
calculation program INM 3, 16 kts is used.

The maximum level hknax is also predicted by segmentation, but using
Lamax 7d(d) for the closest segment, and applylxig, calculated from Equation
17.

ALy = 0.036(v, - V) indB (Equation 17)

where \{ and V in kts are as defined above. In this dssgis a correction for
flight effect only, as duration is not taken intecaunt for maximum levels. V
must correspond to a point P on the runway suchtligareceiver position B is
on a line at directivity angla from the runway. To ensure that the appropriate
position and speed are used, thgdk calculation also divides the takeoff ground
roll into ten segments. Only the closest segmembnsidered, and (unlike the
Lae calculation) there is no rearward extension offitse segment.

The procedures described above are employed onlpdmts forward of the
start of takeoff roll. For points in the half-piaibehind the start of takeoff roll,
directivity of the jet engine noise field is impant. The procedure described in
ECAC Doc 29, Nord 1993:38 and SAE 1845 is usede rHdlial distance r from
start-of-roll to B and the angk in degrees between the direction to B and the
direction of the runway are determined. The nogell is calculated according
to Equation 18. The same method is used ferdnd Lamax-
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L(x,y) = L(O,r) + AL, (Equation 18)

where L means Ag or Lamax, L(O,r) is calculated by segmentati¢including all

segments in the takeoff rond (for Lamax) Equation 17 at x = 0, y = ALg is | Deleted: , and

calculated according to Equations 199 or20.

For90 <06<148.4
AlLg = 51.44-1.558+0.01514%%-0.000047178° (Equation 19)
For 148.4<0<18C

ALg = 339.18-2.5802-0.0045548%+0.000044198° (Equation 20)

For propeller aircraft and other aircraft with aredtivity pattern that is
approximately omni-directionaljLg is 0. Also, the "flight effect" is of relevance
only to jet aircraft. It is estimated that a staftoll speed approximately 1/3 the
lift-off speed is appropriate for non-jet aircraft.

Note that the procedures described in this seetpply only to segments on the
ground during takeoff roll. In-flight segments aevays accounted for by the
method described in 4.4.

4.6 Noise during Landing Ground Roll

Noise from landing ground roll is not as importémthe total noise exposure as
noise from take-off ground roll.

If thrust reversal is not used, the engines arenatly running at idle power dur-
ing ground roll, and the noise will therefore bsigmificant. There are two pos-
sible approaches for this part of a landing. Grounltlcan be ignored or the
same equations can be used as for a take-off. dnlatter case Az 1o and
Lamax 7o are replaced by values corresponding to low posetting, normally
idle power, and\Lg is assumed to be O (the contour is ended by achialé).

If thrust reversal is used for the braking actithe significance to the noise ex-
posure depends very much on the power settingnidie difference between a
landing, in which thrust reversal is applied, anthle-off is that jet aircraft (as
well as propeller aircraft) are approximately onditectional and the noise
emission is decreasing with decreasing speed (asguwonstant power setting).
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When the thrust reverses are activated, the aeaotigs are changed resulting
in increased noise even for an unchanged powengeEor Chapter 2 aircraft a
suitable average value will be 8 dB whereas ieommended to use 5 dB for
Chapter 3 aircraft. For aircraft with internal trusversers the increase of the
noise due to the aerodynamics is less importamt,itais recommended not to
make any correction in this case. It must be enipbdghat these estimations
are rough and based on a very limited number &f.dat

For propeller aircraft which are able to use thepptlers for reversal, it has not
been possible to make similar simple principlese €ffect of propeller reversal
has to be estimated in each individual case. Itrthi#ic is a mix of jet and pro-

peller aircraft in which the jet aircraft are domtimg the noise exposure, it is
possible to ignore propeller reversal.

Furthermore, in connection with thrust or propeleversal it is recommended
thatALy andALg are set to 0, in which case the contours becomradi@lato the
runway and are closed by half circles behind entbtbf

Because landing ground roll is modelled by the sameations used for takeoff,
the same considerations of segment length andveeatistance apply. Full
segmentation of is used. Because of the lesseortane of landing ground
roll, three segments are used.

4.7 Correction for Track Geometry

If a flight track includes a turn, the sound expesievel will increase inside the
turn and decrease outside the turn. This is dubdachange in duration of the
noise event compared to a straight flight trackp@&nling on the size of the turn
the maximum correction inside the turn will typigabe in the range from +2 to
+4 dB whereas the correction on the outside in roasés will be less than -1 to
-2 dB.

No correction for track geometry is performed whealculating maximum
levels.

The Swedish model requires that the turn is dividetb a sequence of straight
segments, each representing a small portion ofule Segmentation usually
involves more calculations than the method desdrineECAC Doc 29, but is
simpler to program and can also be used in gesétadtions such as sequences
of turns with no straight segments.

When dividing the turn into a series of equal-léngtraight segments, each
segment should represent no more thahaf@he turn. No more segments will
be used than the minimum number necessary to dlttaihimit.
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5 Calculation Model for the Total Traffic
51 Calculation Grid

The result of a calculation of noise exposure framtraffic is normally noise
contours drawn on a map. A noise contour is a fimeugh points having the
same noise exposure. The noise contours are detiron the basis of calculat-
ed noise exposures in single points, but two difiemethods may be used: cal-
culations in a fixed grid or contour searching.

In the grid method calculations of the noise exppsare made in a suitable
number of calculation points arranged in a gridce8ular grid is normally used
with a suitable grid spacing, but irregular gridaynibe used also. When the cal-
culations of the noise exposure in the grid poirese been made, the contours
are determined. Most often linear interpolatioused between the grid points,
possibly combined with some kind of smoothing @& dontours.

A regular grid is recommended with linear interpiola between the grid points
and no contour smoothing. The grid should haveid fime enough so that a
resolution of 1 dB is obtained. That is enoughliaw accurate contours, and is
enough to interpolate the level at any positiowithin 0.5 dB.

52 Lateral Dispersion

For actual departures and arrivals the flight tsaeil more or less deviate from
the nominal tracks. This is denoted lateral (orizamtal) dispersion. When the
aircraft aim for a nominal track, the dispersiom @@ general be described by a
normal (Gaussian) distribution. Departures andvalsi with a normally distri-
buted dispersion occur e.g. for instrument fligER).

Departures and arrivals may also take place wihs&ector. A sector is an area,
inside which the flight may occur. As the aircrdét not aim for a specific track

but only for flying within the limitations of theestor, the dispersion is in this

case more likely to follow a uniform distributioDepartures and arrivals in sec-
tors occur most often in connection with visuajltilis (VFR).

In order to achieve the highest possible accuradyé noise exposure calcula-
tions it is recommended to determine flight tracksd lateral dispersion by
radar-tracking.

However, in the absence of such measurements nborimstimated "average”
tracks may be used instead. In the case of caicnlaf the equivalent sound le-
vel (FBN) the model in ECAC Doc 29 for lateral despion described below for
IFR-flights may be used. It is assumed that thpafision is normally distributed
with the mean value located on the flight tracke Btandard deviation of the di-
stribution is estimated according to Equations 12d 22.

a) Routes involving turns of less than°45
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(Equation 21)
s(x) = 0.055 x- 0.150, for 5 ke x 30 km

= 1.5 km, forx > 30 km

b) Routes involving turns of more than®45

(Equation 22)
s(x) = 0.128 x- 0.42, for5 ke x 15 km

= 1.5 km, forx > 15 km

In Equations 21 and 22 s(x) is the standard deriasind x the distance from
start-of-roll in km. Between lift-off where s(x)@and x = 5 km linear interpola-
tion is used in both equations according to thgioal method in ECAC Doc 29.
This method is, however, not very applicable ietat dispersion is taken into
account by dividing the traffic on dispersion trackn this case it will be

necessary to use individual dispersion tracks facheaircraft type. A more

applicable approach is to extend the applicatiorgeaof Equations 21 and 22
down to the x-value where s(x) becomes 0. Thisgglace at x = 2.7 km in
Equation 21 and at x = 3.3 km in Equation 22. Betbese values of x s(x) is
assumed to be 0. As the lateral dispersion is didnhfor distances below 5 km,
this approximation is satisfactory. Standard déwnafor flight tracks with more

than one turn is calculated by Equation 22.

For IFR-arrivals lateral dispersion can normally teglected within 6 km of
touch-down. Otherwise, dispersion depends upon eadiliidual runway and
aircraft type.

If substantial vectoring by air traffic control ags for departures and arrivals,
much larger dispersions should be assumed. Foonsgttdeparting aircraft,
standard deviations are typically twice those fon+vectored aircraft.

It is assumed that the lateral dispersion followsoamal distribution, and the
continuous distribution can be approximated bystmite distribution. Using a
discrete distribution is physically equivalent twiding the traffic on dispersion
tracks. As a minimum a 5-point discrete approxiorashould be used. Table 3
shows the lateral distance from the mean trackatth endividual dispersion
track and the corresponding proportion of traffitie accuracy of the 5-point
discrete approximation given in Table 3 is gengrallithin 1dB of the
continuous distribution.
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Distance from Proportion
mean track
- 2.0 s(x) 0.065
- 1.0 s(x) 0.24
0 0.39
+ 1.0 s(x) 0.24
+ 2.0 s(x) 0.065
Table3

5-point discrete approximation for normal distribn.

A similar standard model for lateral dispersion WFR-flights cannot be
elaborated.

In the case of a uniform distribution the continsalistribution also has to be
approximated by a discrete distribution. The sameciple is used as shown in
Table 3, but in this case the distance to the niedak is expressed on the basis
of the width of the sector, and the proportion lué traffic is the same for all
dispersion tracks.

If the lateral dispersion model outlined abovedquivalent sound levels is used
for calculation of maximum levels, too, it may haveonsiderable influence on
the calculation result as the outer dispersionkgaghich are only carrying a
minor proportion of the traffic will be determinambd the noise contours.
Conversely, if the calculation is based on the nfeght track, the contours will
be "narrower" than if lateral dispersion is taketoiaccount.

53 Vertical Dispersion

In excess of dispersion laterally the traffic valso be dispersed vertically. This
is due to variations in take-off weight, headwinar tailwind) component,
take-off procedure, and how the pilot is executihg procedure. A headwind
component of 8 kts is assumed as mentioned in @ed. The vertical
dispersion is mainly due to the variation in takeweeight, and the dispersion
will therefore be different for short-range aircrabmpared to long- range. It is
not possible to elaborate a model for vertical éispn as it will be strongly de-
pendent of the aircraft type. Furthermore, theiwaftdispersion does not influ-
ence the calculation result to the same extenhadateral dispersion. It is in
general sufficient to choose a typical flight plefivhich is normally the average
profile when calculating equivalent sound levelsd athe flight profile
corresponding to largest take-off weight in theeca maximum levels. If the
vertical dispersion is very large due to large at#hces in take-off weight, it
may be necessary when calculating equivalent stewreds to divide the traffic
on two or more take-off profiles corresponding tifedent stage lengths.
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5.4 Summation of Noise Levels

Before the noise exposure in a calculation poionfithe total traffic can be de-
termined, the sound exposure level or maximum |éaal to be calculated for
each individual aircraft operation.

If the purpose is to determine the maximum levedrithe total traffic, this value
is simply equal to the maximum level calculated fmch single type of
operation.

If the purpose is to determine the time weightedivexjent sound pressure level
FBN, the sound exposure levels for each individyadration in a year are
added on an energy basis. The sound exposure fevetach operation is
weighted for the time-of-day in accordance with thedel. The summation is
defined in Equation 23.

N AE,j .
FBN = 10 Iog(% Z w 10L10j (Equation 23)
=1

where lagj is the sound exposure level from the j'th aircopiération out
of N,
W is the weighting factor depending on the timeday
W= 1 during daytime (0700-1900) local time)
W= 3 during evening (1900-2200 local time)
W= 10 during night (2200-0700 local time)

T is the reference time fonkq in seconds.
The reference time is one year correspondind t63% 000 sec.
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