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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS -

Part 11: Acoustic noise measurement techniques

FOREWORD
1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/the i promote
interpational co-operation on all questions concerning standardization in the electrical{and ele icAields. To

this €nd and in addition to other activities, the IEC publishes International St ration is

entrusted to technical committees; any IEC National Committee interested ith may
partigipate in this preparatory work. International, governmental and non-governmemtal orfganizati ;Iiaising
with |[the IEC also participate in this preparation. The IEC collabora I rnational
Orgapization for Standardization (ISO) in accordance with conditions determined een the

two grganizations.

2) The formal decisions or agreements of the IEC on technical mdtters\exXpresdy as nea sible, an
interpational consensus of opinion on the relevant subjects since eac i5¢ & bentation
from jall interested National Committees.

the form
National

3) The documents produced have the form of recommendationg for
of sthndards, technical specifications, technical reports € nd
Cominittees in that sense. Q

e

4) In order to promote international unificatiqn, IE uhdertake to apply IEC Intgrnational
Stanglards transparently to the maximum i in’ their national and regional standafds. Any
diverpence between the |IEC Standard and the or regional standard shall be clearly
indicg@ted in the latter.

5) The b for any
equif

6) Attention is drawn to the possbility\{ P subject
of pafent rights. The IE( j

International St r B: Wind

turbine[systems:

This se n 1998

and co

The tex ed on the following documents:

FDIS Report on voting

88/166/FDIS 88/171/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged
until 2004. At this date, the publication will be

e reconfirmed;

e withdrawn;

« replaced by a revised edition, or

¢ amended.
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INTRODUCTION

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency and accuracy in the measurement and analysis of acoustical emissions by wind
turbine generator systems. The standard has been prepared with the anticipation that it would
be applied by:

the wind turbine manufacturer striving to meet well defined acoustic emission performance
requirements and/or a possible declaration system;

the wind turbine purchaser in specifying such performance requirements;

the wind turbine operator who may be required to verify that stated, or required, acoustic
performance specifications are met for new or refurbished units;

the| wind turbine planner or regulator who must be able to accurately irly| define
acqustical emission characteristics of a wind turbine i 3 iregmental
reglulations or permit requirements for new or modified installations.

This sfandard provides guidance in the measurement, anal Si i omplex
acoustic emissions from wind turbine generator systemsg: R if those
parties| involved in the manufacture, installation, ar bration,
utilization, and regulation of wind turbines. The S { ahalysis techniques
recommended in this document should be applle i tinuing
development and operation of wind turbines |s ca ent and
accurale communication relative resents
measufement and reporting proced can be

replicaled by others.
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WIND TURBINE GENERATOR SYSTEMS -

Part 11: Acoustic noise measurement techniques

1 Scope

This part of IEC 61400 presents measurement procedures that enable noise emissions of a

wind turbine to be characterised. This involves using measurement methods appropriate to

noise gmission assessment at locations close to the machine, in order to/avoid_errors| due to

sound propagation, but far enough away to allow for the finite sourc edures

descrided are different in some respects from those that would noise

assessment in community noise studies. They are intended to fa |I| tion of

wind turbine noise with respect to a range of wind speeds and ation of

measufement procedures will also facilitate comparisons betw S.

The pr le wind

turbine include

the follpwing:

* location of acoustic measurement pesitions;

e reqpi turbine
opgrational data;

e and

e def \ ich are
usgd for making envirogm

The standard is not res edures

described in this stan a wind

turbine| If, in so pasure-

ments agre made acgo

2 Nc

The fo ument.

For da edition

of the 1

IEC 6(Q386:1972, Method of measurement of speed fluctuations in sound recordihg and

reproducingequipment

IEC 60651:1979, Sound level meters

IEC 60688:1992, Electrical measuring transducers for converting a.c. electrical quantities to

analogue or digital signals

IEC 60804:2000, Integrating-averaging sound level meters

IEC 60942:1997, Electroacoustics — Sound calibrators

IEC 61260:1995, Electroacoustics — Octave-band and fractional-octave-band filters

IEC 61400-12:1998, Wind turbine generator systems — Part 12: Wind turbine
performance testing

power
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3 Definitions

For the purposes of this standard, the following definitions apply:

3.1
apparent sound power level
Lwa (in dB re. 1 pW)

the A-weighted sound power level re. 1 pW of a point source at the rotor centre with the same
emission in the downwind direction as the wind turbine being measured, Ly, is determined at

each wind speed integer from 6 to 10 m/s

3.2

audibility criterion
L, (in dB re. 20 pyPa)
a freqyency dependent criterion curve determined from listeni

3.3
A-weighted or C-weighted sound pressure levels
L, or L., respectively (in dB re. 20 pPa)

sound pressure levels measured with the A or
IEC 60651

3.4
directivity
4; (in dB)
the dif

corrected to the same Histance fro

3.5
inclination an

@(in °
the angle betwee
rotor c

3.6

referen
Ry (inm
the nominal ho
prescriped ‘microphene positions

ce

networks sped

icrophone board and a line from the microphong

3.7

reference height

Z.o (in m)

a height of 10 m used for converting wind speed to reference conditions

3.8
reference roughness length

Zy e (in M)

a roughness length of 0,05 m used for converting wind speed to reference conditions

3.9
sound pressure level
L, (in dB re. 20 pPa)

ng the

ified in

rement
turbine

to the

distance from the centre of the base of the wind turbine to each of the

10 times the logq, of the ratio of the mean-square sound pressure to the square of the

reference sound pressure of 20 yPa
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standardized wind speed
Vg (in ms™1)

wind speed converted to reference conditions (height 10 m and roughness length 0,05 m)
using a logarithmic profile

3.11

tonal audibility AL, , (in dB)
The difference between the tonality and the audibility criterion at integer wind speeds k = 6, 7,
8,9,10

3.12

tonality AL, (in dB)

the diﬁL

around

4 Symbols and units

D
H

LyorlL

LAeq,k

LAeq,c,k

the tone at integer wind speeds k=6, 7,8, 9, 10

[

rence between the tone level and the level of the masking nois itic

height of rotor centre (horizontal axis turbine 3 Fofor equatorial
wind turbine

equivalent co Iy i pressure level corrected for
backgroun@\noisse integ ind speed and corrected to reference

equi C -weighted sound pressure level in position ‘i
corrected :

al band

(dB)

(dB)

(dB)

(dB)

sound pressure level of the tone or tones in the ‘jt"’ spectra at the ‘kth
wind speed, wherej=1to12and k=6,7,8,9, 10

equivalent continuous sound pressure level of only wind turbine noise

equivalent continuous sound pressure level of combined wind turbine and
background noise

apparent sound power level, where k=6, 7, 8, 9, 10
measured electric power

normalised electric power
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R, slant distance, from rotor centre to actual measurement position ‘i,

where i=1,2,3,or4 (m)
Rg reference distance (m)
So reference area, Sy = 1 m? (m2)
Tc air temperature (C)
Tk air temperature (K)
Up, Ug uncertainty components (dB)
VH wind speed at hub height, H (m/s)
Vb derived wind speed from power curve (m/s)
v, wind speed at height, z (m/s)
Vg standardized wind speed (m/s)
f frequency of the tone (Hz)
fe centre frequency of critical band (Hz)
p atmospheric pressure (kPa)
z, roughness length (m)
Zgref reference roughness length (m)

z anemomete

Zeof refer

inclinatioh angle )

5 Outline of method

This Part of IEC 61400 defines the procedures to be used in the measurement, analysis and
reporting of acoustic emissions of a wind turbine. Instrumentation and calibration
requirements are specified to ensure accuracy and consistency of acoustic and non-acoustic
measurements. Non-acoustic measurements required defining the atmospheric conditions
relevant to determining the acoustic emissions are also specified. All parameters to be
measured and reported are identified, as are the data reduction methods required for
obtaining these parameters.

Application of the method described in this International Standard provides the apparent A-
weighted sound power levels, spectra, and tonality at integer wind speeds from 6 to 10 m/s of
an individual wind turbine. Optionally, directivity may also be determined.
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The measurements are made at locations close to the turbine in order to minimise the
influence of terrain effects, atmospheric conditions or wind-induced noise. To account for the
size of the wind turbine under test, a reference distance R, based on the wind turbine
dimensions is used.

Measurements are taken with a microphone positioned on a board placed on the ground to
reduce the wind noise generated at the microphone and to minimise the influence of different
ground types.

Measurements of sound pressure levels and wind speeds are made simultaneously over short
periods of time and over a wide range of wind speeds. The measured wind speeds are
converted—to uuncopundilly winrd—speeds—at—a—reference hciyht of—6 rd—a—reference
roughngess length of 0,05 m. The sound levels at standardized wind speg 9, and
10 m/s|are determined and used for calculating the apparent A-weighted sou evels.

The difectivity is determined by comparing the A-weighted sou t three
additiopal positions around the turbine with those measured at ¢

Informative annexes are included that cover

e other possible characteristics of wind turbine ffication

(Aninex A);
e criteria for recording/playback equjpm
* asslessment of turbulence intensity

* asspssment of measurement uncerfa

6 Instrumentation

6.1 Acoustic instru

The following e pérform the acoustic measurements as set forth in

this standard.

6.1.1 nation of the equivalent continuous A-weighted
The eqdqi \ et the requirements of a type 1 sound level meter accorfling to
IEC 60 > ialeter gf the microphone shall be no greater than 13 mm.

6.1.2 Equipment.for the determination of one-third octave band spectra

In addition to the Tequirements given for type T sound fevetr meters, the equipment shall have
a constant frequency response over at least the 45 Hz to 11 200 Hz frequency range. The
filters shall meet the requirements of IEC 61260 for Class 1 filters.

The equivalent continuous sound pressure levels in one-third octave bands shall be
determined simultaneously with centre frequencies from 50 Hz to 10 kHz. It may be relevant
to measure the low-frequency noise emission of a wind turbine. In such cases, a wider
frequency range is necessary as discussed in Annex A.

6.1.3 Equipment for the determination of narrow band spectra

The equipment shall fulfil the relevant requirements for IEC 60651 type 1 instrumentation in
the 20 Hz to 11 200 Hz frequency range.
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6.1.4 Microphone with measurement board and windscreen

The microphone shall be mounted at the centre on a flat hard board with the diaphragm of the
microphone in a plane normal to the board and with the axis of the microphone pointing
towards the wind turbine, as in Figures 1 and 2. The board shall be circular with a diameter of
at least 1,0 m and made from material that is acoustically hard, such as plywood or hard chip-
board with a thickness of at least 12,0 mm or metal with a thickness of at least 2,5 mm.
A larger board is recommended especially for soft ground. In the exceptional case that the
board is split (i.e. not in one piece) there are considerations; the pieces shall be level within
the same plane, the gap less than 1 mm, and the split must be off the centre line and parallel
with the microphone axis as shown in Figure 1a).

The wipdscreen to be used with the ground-mounted microphone shall
and, where necessary, a secondary windscreen. The primary windscre
half of |lan open cell foam sphere with a diameter of approximately 2
around|the diaphragm of the microphone, as in Figure 2.

brimary
of one
centred

The sefondary windscreen may be used when it is necessary\to obta signal-
to-nois¢ ratio at low frequencies in high winds.

For example, it could consist of a wire frame of ap rOX|ma e i i , at least
450 mm in diameter, which is covered with a 13 m with a
porosity of 4 to 8 pores per 10 mm. This second hemisg i placed
symmefri i i :

If the B on the
frequer

6.1.5

The cpmplete sound iicluding any recording, data logding or
compuling systems, s c ynediately before and after the measdrement
session at one%} 3 % i sing.4dn acoustical calibrator on the microphone. The
calibrafor shall f \EN[RJUINE f IEC 60942 class 1, and shall be used within its
specifigd environ

7}

6.1.6
A data [reCord g/ ayback system is a required part of the measurement instrumentatipn, and
the e f urement instruments shall fuIﬂI the relevant requireme¢nts of

6.2 on-acoustic’lnstruments

The following equipment is necessary to perform the non-acoustic measurements set forth in
this standard.

6.2.1 Anemometers

The anemometer and its signal processing equipment shall have a maximum deviation from
the calibration value of £0,2 m/s in the wind speed range from 4 m/s to 12 m/s. It shall be
capable of measuring the average wind speed over time intervals synchronized with the
acoustic measurements.

6.2.2 Electric power transducer

The electric power transducer, including current and voltage transformers, shall meet the
accuracy requirements of IEC 60688 Class 1.
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6.2.3 Wind direction transducer

The wind direction transducer shall be accurate to within +6°.

6.2.4 Other instrumentation
A camera and instruments to measure distance are required. The temperature shall be

measured with an accuracy of +1°C. The atmospheric pressure shall be measured with an
accuracy of +1 kPa.

6.3 Traceable calibration

The following equipment shall be checked regularly and be calibrated
nationgl or primary standards laboratory. The maximum time from the
as stated for each item of equipment:

ility to a
hall be

e acdustic calibrator (12 months);

3
@]

idrophone (24 months);
* intdgrating sound level meter (24 months);

e spdctrum analyzer (36 months);

e datp recording/playback system (24 months);
« angdmometer (24 months);

* ele¢tric power transducer (24 montks).

If the er, the
maximI
An instrument shall alwa$ Scalibra i fault or
damage.

7 Measuren‘@s :

7.1 Measureme

To full rement

7.1.1

One, apd optiona another three, microphone positions are to be used. The four p¢sitions
shall be daid” out in" a pattern around the vertical centreline of the wind turbine tgwer as
indicated™i i in Fi i i sition is
identified as the reference position, as shown in Figure 3. The direction of the positions shall
be accurate within +15° relative to the wind direction at the time of measurement. The
horizontal distance R, from the wind turbine tower vertical centreline to each microphone
position shall be as shown in Figure 3, with a tolerance of 20 % and shall be measured with
an accuracy of +2 %.

As shown in Figure 4a), the reference distance R for horizontal axis turbines is given by:

D
Ro=H+— (1)

where
H is the vertical distance from the ground to the rotor centre; and
D is the diameter of the rotor.
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As shown in Figure 4b), the reference distance R for vertical axis wind turbines is given by:

Ry=H+D (2)
where
H is the vertical distance from the ground to the rotor equatorial plane; and
D is the equatorial diameter.

To minimize influence due to the edges of the reflecting board on the measurement results, it
shall be ensured that the board is positioned flat on the ground. Any edges or gaps under the
board should be levelled out by means of soil. The inclination angle ¢ as shown in Figure 4,
shall be between 25° and 40°. This may require adjustment of the measurement position
within the tolerances stated above.

The mgasurement position shall be chosen so that the calculated infl
structufes, such as buildings or walls, shall be less than 0,2 dB.

ce flomcanjnreflecting

7.1.2 Wind speed and direction measurement positions

The teq rection
of the \re. 2 trarmsducers shall be
placed 1.2) is
used tg d wind
directid

The anple Sis given by:

3)

z is the an@ ¢
Z.ot |is the refe :

,Bmax
IBmin

During easurements, the test anemometer shall not be within the Wwake of
any poftion ofa 2r wind turbine rotor or other structure. The wake of a wind turbine shall
be congidered to extend 10 rotor diameters downwind of the wind turbine. The wind speed
and wind\direction transducers shall be placed so that they do not interfere with each other.

re 4;

7.2 Acoustic measurements

The acoustic measurements shall permit the following information to be determined about the
noise emission from the wind turbine at the integer wind speeds 6, 7, 8, 9 and 10 m/s (wind
speed at 10 m height and roughness length of 0,05 m):

— the apparent sound power level;

— the one-third octave band levels;

— the tonality.

Optional measurements may include directivity, infrasound, low-frequency noise and
impulsivity.
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7.21 Acoustic measurement requirements

For all acoustic measurements, the following requirements are valid:

< The complete measurement chain shall be calibrated at least at one frequency before and
after the measurements, or if the microphones are disconnected during repositioning.

e All acoustical signals must be recorded and stored for later analysis.
e Periods with intruding intermittent background noise (as from aircraft) shall be omitted.

e With the wind turbine stopped, and using the same measurement set-up, the background
noise shall be measured immediately before or after each measurement series of wind
turbine noise and during similar wind conditions. When measuring background noise,
evdry effort shall be made to ensure that the background sound/measurements are
repfesentative of the background noise that occurred during t bing noise
em|(ssion measurements

e The ssible.
To pbtain a sufficient range of wind speeds it may be necesgar ements
in deveral measurement series.

Additiopally, the following requirements are valid for the indiv a i ¢ nts.

7.2.2 Acoustic measurements at the reference p
7.2.21 A-weighted sound pressure

turbine
ements
bd over
At each

The eqpivalent continuous A-weighted
shall e measured at the reference
concurfent with measurements of the
a period of not less than 1.n
integer|wind speed.

For th¢ background

corresgonding rafes ¢

7.2.2.2| One-third q

wrements in total shall be made, cpvering

cirum of the noise from the wind turbine in the reference
position shal the energy average of at least three spectra, each mgasured
over af eger wind speed. As a minimum, one-third octave bands with
centre fre ies 50 Hz"to 10 kHz, inclusive, shall be measured.

The one-third o6

Backgr ements with the wind turbine stopped shall satisfy the same requirgments.

7.2.2.3| Narrow band measurements

For each integer wind speed, at least two minutes of wind turbine noise and background noise
are required. These two minutes shall be as close as possible to the integer wind speeds.

7.2.3 Optional acoustic measurements at positions 2, 3 and 4

The equivalent continuous A-weighted sound pressure level of the noise from the wind turbine
shall be measured in the non-reference position by one of the following two methods.

In the first (preferred) method, the measurements in the non-reference positions shall be
made simultaneously with corresponding measurements in the reference position. The
measurements in the three non-reference positions may be made individually, but each one
shall be made simultaneously with measurement in the reference position. The sound
pressure level at each position shall be determined as the energy average of five
measurements each integrated over at least 1 min. The five periods with an average wind
speed closest to 8 m/s shall be used.
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The background noise measurements shall be energy averaged over five periods of at least
1 min.

In the second method, simultaneous measurements are not required. The equivalent
continuous A-weighted sound pressure level of the noise from the wind turbine in each of the
three non-reference positions shall be measured as a series of at least 10 measurements,
each energy averaged over at least 1 min concurrent with wind speed measurements. During
the measurements, the wind speed V; shall differ by less than 2 m/s from 8 m/s, and at least
25 % of the measurements shall be above, and 25 % below, 8 m/s.

With the wind turbine stopped, at least 10 background measurements, each energy averaged

L | H 1o L o - L
over atpeast-tmm—strat-beobtamed:

7.2.4 Other optional measurements

s that
in this

It is recommended that additional measurements be taken to
have dgfinite character that is not described by the measure
standald.

Such ¢ noige, low-frequency
modula whine, hiss, gcreech
or hum clicks, or thumps), or
noise t tenti areas are discussed, and
possibl 4 in < . neasures are not uniyersally

7.3 N

The following non-acoustic me

7.31 Wind speed

The wind spee@ bthod 1
is the greferred m S.
7.3.1.1 6f the wind speed from

d the power curve
The po S xelales the power to the wind speed at hub height. For most wind tdrbines,
the wirjd>s \ termined from the measured electric power. Correlation between
measu el arfd measured electric power is very high up to the point of maximum

power.

The wi o
traceable power versus wind speed curve, preferably measured according to IEC 61400-12,
and preferably for the same turbine or, otherwise, for the same type of wind turbine with the
same components and adjustments. The power curve shall give the relation between the wind
speed at hub height and the electric power that the turbine produces for standard atmospheric
conditions of 15 °C and 101,3 kPa.

d f aouramante ~Af tha plr dunr\rl nlnntric pc\vnvlcr Sil’lg a

rom—mo
o oo uTr T e T Tt Ot T CCo—Ciocot

Electric power shall be averaged over the same period as the noise measurements.

The use of power measurements and the wind turbine power curve is the preferred method of
wind speed determination, provided the wind turbine operates below the maximum power
point during the noise measurement series. However, note that during background noise
measurements, the wind speed must be measured with an anemometer at a height of
at least 10 m.
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Record the power produced by the wind turbine and confirm that for each noise sampling
period, the power did not exceed 95 % of maximum power. Note that power values below
95 % of the maximum power may originate from high wind speeds above the wind speed
where the wind turbine reaches rated power. This may be controlled by checking the
measured wind speed.

For turbines with passive stall control, the electric power measured during the noise
measurements shall be converted to standard atmospheric conditions, using the following
equation:

o [
n mLTrefJ p @)

ig the normalised electric power (kW);
P,, i3 the measured electric power (kW);

T, ig air temperature in K, T, = T, + 273 ;

ig the air temperature (°C);

i the reference temperature, T,

p ig the atmospheric pressure (kPa);
Pref i the reference atmospheric pres

The wi
to a he|ght of 10 m and the

hverted

For tunbines with actij rrected

according to: :

1

=Vp Pres TKJS (5)
pT

ref

The co
height ¢

If the standardised wind speed corresponding to 95 % of rated power is below 10 m/s, the
following method shall be used. For all data points with power levels below 95 % of rated
power, the ratio of standardised wind speed and measured wind speed, «, shall be derived.
This ratio shall then be applied to the measured wind speed of the data points with power
levels above 95 % of rated power to estimate the standardised wind speed using Equation (6).

Vs =KV, (6)

where
V.

s is the standardised wind speed,

V, s the wind speed measured at anemometer height z.
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7.3.1.2 Method 2: determination of wind speed with an anemometer

If an anemometer is used to measure wind speeds, the wind speed measurement results
shall be adjusted to a height of 10 m and the reference roughness length as described in
Equation (7).

Measurement by an anemometer at a height between 10 m and hub height will also be
appropriate during background noise measurements, when the wind turbine is parked, and the
turbine has been used as an anemometer during the turbine noise measurements.

Wind speed data shall be collected and arithmetically averaged over the same period as the
acoustie-measurements:

7.3.2 Wind direction

Wind d'Lrectlon will be observed from a wind direction transducer to rement
locationps are kept within 15° of nacelle azimuth positions i and to
measufe the position of the anemometer. Wind direction b same
period ps the noise measurements.

7.3.3 OQther atmospheric conditions

Air tem[perature and pressure shall be measured

Turbulgnce in the wind incident to a w nission.

A discyssion of assessment of turbulen

8 Data reduction prg

8.1 Wind speed

The wind spe@w :
measufements o :

conditipns by assur

6r determined at rotor centre height H from
be corrected to the wind speed V, at reference
e following equation:

In[zref ] In[HJ
ZOref ZO (7)
GolE
In Inf —
ZOref Z0

the reference rmlghnnee Inngfh of 0 05 m;

where

Zoref is
Z, is the roughness length;
H is the rotor centre height;
Z.o¢ is the reference height, 10 m;
z is the anemometer height.

Equation (7) uses the following principles:
— the correction for the measured height z to the rotor centre height H uses a logarithmic

wind profile with the site roughness length z; to account for the actual site conditions.

— the correction from rotor centre height H to reference conditions uses a logarithmic wind
profile with a reference roughness length z,.s This describes the noise characteristic
independent of the terrain.
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The roughness length z, can be calculated from wind speed measurements of several heights
or estimated according to Table 1. If the preferred method (Method 1) is used to determine
wind speed, « may also be used to calculate the standardised wind speed for background
noise measurements.

Table 1 - Roughness length

Type of terrain Roughness length z,
Water, snow or sand surfaces 0,000 1 m
Open, flat land, mown grass, bare soil 0,01 m
Farmamd-wittrsome—vegetation
Suburbs, towns, forests, many trees and bushes

8.2 Correction for background noise

Using the methods specified in the relevant following pa asured
sound pressure levels shall be corrected for the influence verage
backgrpund sound pressure levels that are 6 dB or ’ commed level of the wind
turbine|and background, the corrected value can be A j ilon:

(8)

4 the equivalent cq erating

alone;
Ly, i§ the equivale re level, in dB, of the wind turbine plus
backgroun e,
L, ig the back i ous sound pressure level, in dB.
If the gqui s sound pregssure level of the wind turbine plus background noise,
Loy, iS A3 dB higher than the background level, Ly, is cqrrected
by sub he corrected data points are marked with an asterisk, “ * .
These sed for the determination of the apparent sound power level
or dire¢divity: |ffer ce is less than 3 dB, no data points shall be reported, but|it shall
be repd t drbine noise was less than the background noise.

8.3 Apparent seund power levels

A secohdorderregressionmamatysis strattbemadewiththe-30ormore datapairsof equivalent
continuous sound pressure level at the reference position and the wind speed, covering all
data. From this analysis, the value of Lp.,  at the each integer wind speed from 6 m/s to
10 m/s shall be determined. Lagq is the value of the fitted second order regression at the
integer wind speed.

A similar regression analysis with the 30 or more data pairs of the background noise
measurements shall be made. The value of Lpg, at the integer wind speeds shall be
corrected for the background noise at the integer wind speeds and shall be identified as

LAeq,c,k

The apparent sound power level, Ly, i, is calculated from the background corrected sound
pressure level, Lqq ¢« at the integer wind speeds at the reference position as follows:
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(9)

4 nR?
Lwak =Laeq,ck —6+10Ig
0
where
Lpeq,c,x 1s the background corrected A-weighted sound pressure level at the integer wind

speeds and under reference conditions;

R4 is the slant distance in meters from the rotor centre to the microphone as shown in
Figure 4; and
So is a reference area, S, = 1 m2.
The 6 dB constant in equation (9) accounts for the approximate pressuresdoublingthat|occurs
for the sound level measurements on a ground board.
8.4 One-third octave band levels
The one-third octave band levels of the wind turbine for the
corresgonding one-third octave band levels of the backgroutmn
8.5 Tonality
8.5.1 General methodology
The prgsence of tones in the noise at differeqt peéed all be determined on the basis
of the narrowband analysis.
The tonal analysis shall range as the sound powqgr level
measutement. For each -minute periods closest to the [integer
wind speed value shallbe
The twp one-mi s » g ided into 12 ten-second periods, from which 12
energyl|average i ing'the Hanning window are obtained.
The frequency regolut Il'se within the range shown in Table 2.
ble 2 - Frequency resolution
AN
\\F'%jl‘;"cy Less than 2 000 2000 - 5 000
Wﬂ(& resolution 2to 5 Hz 2to0 12,5 Hz

For each 10-second energy averaged spectrum, j= 1 to 12, in each integer wind spee

7,8,9,

e The sound pressure level L

e« The sound pressure level of the masking noise L

10:

pt,jk Of the tone(s) shall be deter

pn.j,

shall be determined.

mined.

 in a critical band around the tone

« The tonality ALy, . the difference between the sound pressure level of the tone and the
masking noise level, shall be found.

The overall tonality, AL , is determined as the energy average of the 12 individual ALy, ; .
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The bandwidth of a critical band shall be determined by:

0,69

2
} (10)

Critical bandwidth =25 +75/1+1,4| —C
1000

where f; is the centre frequency in Hz.

In exceptional cases (for example very broad tones consisting of many lines or masking noise
with very steep gradients) this method may not give the correct results. In such cases,
deviatipns from the prescribed method may be needed and must be reportéd.

8.5.2 Identifying possible tones

A prelimninary identification of tones is needed for the classification spectr linép.

The following procedure is used to identify possible tones:

« finq local maxima in the spectrum;

« cal ulate the average energy in the critical band Centred™gn es local maximum, not

incl

o if th R_ak . dasking noise level, then it is
ap
8.5.3

uency coincident with the possible tone
een 20 Hz and 70 Hz, the critical pand is

The criti
frequer

Within iti ; y ine is classified as tone, masking, or neither, using
the foll

a) Cal
of s

b) Deflinena i el equal to the L, o, level plus 6 dB as illustrated in Figure 9;

sdre level, where L, o, is the energy average of the 70 %
al band with the lowest levels as shown in Figure 8.

‘masking’ if its level is less than the criterion level. L, ,,lis then

the ene y average of all the lines classified as masking as illustrated in Flgure 10.

* (A linelis classified as ‘tone’ if its level exceeds L, ,,4 plus 6 dB.

*  MWhere there are several adiacent lines classified as‘tone’ the line having the greatest
level is identified. Adjacent lines are then only classified as ‘tone’ if their levels are
within 10 dB of the highest level.

« A line is classified as ‘neither’ if it cannot be classified as either ‘tone’ or ‘masking’.
Spectral lines identified as ‘neither’ are ignored in further analysis. Figure 11 illustrates
the classification of lines in a critical band.

8.5.4 Determination of the tone level

The sound pressure level of the tone, L is determined by energy summing all spectral
lines identified as tones within the critical band in 8.5.3. Where this involves 2 or more
adjacent lines, a correction is applied for using the Hanning window. This requires dividing the
energy sum by 1,5.
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Note that if more than one tone is present within the same critical band, the above procedure
is equivalent to energy summing the level of these individual tones.

8.5.5 Correction for background noise

A 2-minute narrowband spectrum shall be made of the background noise using the two
1-minute measurements closest to the integer wind speed. For comparison with the
corresponding analysis of the wind turbine noise, it must be ensured that the tones do not
originate from the background noise. meav ik shall be corrected according to equation (8),
using the level of the background noise in the same critical band and integer wind speed as
used during the tone analysis. The background noise level is calculated from the energy sum
of all lines in the critical band. The background noise level shall be at least 6 dB lower than

the wingturbime ofse 1 the rTefevantcriticar bands. i this s ot the cas , dxldlellle t must
be recqrded that the masking noise is influenced by background noise.
8.5.6 Determination of the masking noise level
The mgsking noise level, Ly, ; , is defined as follows:
Criticalb%%ﬂ\
Lonix = Lonavgix +101 [Effecti newid

(11)
where [, avgjk IS the background coryé fied as
‘masking’ within the critical band.
The effective noise bandwidth is 1,6 ti hdes a
correct
8.5.7 Determination of\tona
The difference betw in the
corresgonding :@

(12)
If no tq S = ding to 8.5.3 for some of the 12 ten-second spectra [so that
ALty k|l 8 3 e/feplaced by the following value:

Critical bandwidth
ALy, i =-101g - - ,
b Effective noise bandwidth (13)

The 12 ALy, ;  are energy averaged to one ALy, k=6, 7, 8, 9, 10 for each wind speed bin.

Tones in different spectra with frequencies within 10 % of the critical bandwidth shall be
regarded as the same tone. In this case, the average frequency is used for determining the
audibility.

8.5.8  Audibility

For each value of AL, a frequency dependent correction must be applied to compensate for
the response of the human ear to tones of different frequency.
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The ‘tonal audibility’, ALa‘k, is defined as:
Algy =ALy L, (14)

L, is the frequency dependent audibility criterion, defined as:

Fo25
Ly =-2-1g|1+| —— 15
a g (502 J (15)
where [ is the frequency of the tone, in Hz.
Note t:lwat this criterion curve has been determined from listening cts the
subjectfive response of a ‘typical’ listener to time-invariant tones of d P
A corrgsponding value of AL, , must be calculated for each » ibilities
meeting the condition:
(16)
The vajues of AL, | shall be reported.
For ton
(17)
there i no requireme
8.6 Directivit@'
The difectivi and 4
should sitions,
measu ference
positiom 1. I stance.
The dir| i
Ri
Aj = Lpeq, i ~Laeq1 +201g B (18)
1
where
Lpeqi s the A-weighted sound pressure level at positions 2, 3, or 4, corrected for

background noise in the same position;

Lpeq,1 s the A-weighted sound pressure level at reference position 1, measured simulta-
neously with La¢, ; and also corrected for background noise;

is the slant distance between the rotor centre and positions 2, 3, or 4; and

R, is the slant distance between the rotor centre and the reference position 1.
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If the alternative measurement procedure with non-simultaneous measurements is used, the
A-weighted sound pressure level of the wind turbine noise and of the background noise at the
acoustic reference wind speed during the measurements in the reference position shall be
determined by regression analysis for each of the measurement positions 1, 2, 3, and 4. The
results of the wind turbine noise measurements shall be corrected for background noise and
the directivity A; at each position determined using equation (8).

9 Information to be reported

The configuration of the wind turbine and its operating conditions shall be reported as follows.

9.1 (haracterisation of the wind turbine

The wind turbine configuration shall include the following informatio

- Wind turbine details:

e |manufacturer;

* |model number;

e |serial number.

— Operating details:
« |vertical or horizontal axis wind
¢ |upwind or downwind rotor;
¢ |hub height;
* |horizontal distancg

¢ |diameter of rotoy;

* |tower type(lattice
. passive 2|

and at

- Rofordetaits:
* rotor control devices;
e presence of vortex generators, stall strips, serrated trailing edges;
e blade type;
e number of blades.
- Gearbox details:
« manufacturer;
¢ model number;

« fixed-parallel-shaft or planetary gearbox.


https://iecnorm.com/api/?name=6f4c51fc35871437832088194592c407

- 24 - 61400-11 O IEC:2002(E)

Generator details:
« manufacturer;
* model number;

e rotational speed.

9.2 Physical environment

The following information on the physical environment at and near the site of the wind turbine
and the measuring positions shall be reported:

9.3

The following information

9.4 Ad

The fol

details of the site including location, site map and other relevant information;

type of topography/terrain (hilly, flat, cliffs, mountains, etc.) in surr
1 km);

surface characteristics (such as grass, sand, trees, bushes, wat

nding area |(hearest

negrby reflecting structures such as buildings or other gtrix i water
surfaces;

other nearby sound sources possibly affecting backgrou h as other wind

turines, highways, industrial complexes, airports;

twg photos, one taken in the direction of the( turbine fic < bphone

nhd and
Instrumentation

the|manufacturer(
the|instrume a
ser|al numbe{&
oth i

ane
infl

ast calibration date);
ed height for each measurement series;

screen, if used.

owipgracoustic’data shall be reported:

the|measured position of each microphone for each measurement series;

Lya x at each integer wind speed from 6 to 10 m/s and a graph of background corrected
normalised values. The axes of the graph shall be linear, and scaled such that 1 m/s
corresponds to 2 dB;

a plot showing all measured data pairs at position 1 of the wind turbine sound and
background noise (with different symbols). On the plot, the axes of LAeq and Vg shall be
linear, and scaled so that 1 m/s corresponds to 2 dB;

table and plot of sound pressure spectrum in third octaves for each integer wind speed
from 6 to 10 m/s; coordinates plotted at 1 octave = 10 dB, and levels marked with an
asterisk as appropriate.
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For each integer wind speed (k= 6, 7, 8, 9, 10):

. ALtn,j,k (forj=1, 2, 3,...12) for each identified tone;
* AL, for each identified tone;

* AL, for each identified tone;

- frequency of the tone(s);

« a typical 10 s energy averaged spectrum indicating the classification of spectral lines for
each identified tone;

+ time and date of each measurement series.

Optional acoustic data that may be reported includes:

e dirgctivity;

* low|frequency noise;
e infresound;

e impulsivity;

* amplitude modulation;

« othger noise characteristics, if any.

9.5 Non-acoustic data %
The following non-acoustic data shall beepoxte
« wind speed determination method; %

e air femperature;

« atmospheric pressy

¢ roupghness length;
e the|range o@

per

r 1 min

ts;

erence

9.6 Uncertainty

The uncertainty of the following reported acoustic quantities shall be assessed and reported:

« the apparent sound power level at integer wind speeds;

* one-third octave band spectrum of the noise at the reference position at each integer wind
speed,;

« the tonality of the sound emissions of the wind turbine measured at the reference position.

Guidance for the assessment of measurement uncertainty can be found in Annex D and in
ISO document “Guide to the expression of uncertainty in measurement”.
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( 12 A )l

Minimum dimension
A=10m
Minimum thickness
T =12,0 mm for wood
2,5 mm for metal

\ Split (optional)

A

Micrqphope maunting board

\) icrophone diaphragm location

N

<\O % Wind turbine

‘7 \_/ 4» IEC 3191/02

Q Figure(la =\Mountin the microphone — plan view

N

-mmann WA ¥

Microphone mounting board

Microphone

Primary windscree

Optional secondary
windscreen

{

Wind turbine "~

IEC 3192/02

Figure 1b — Mounting of the microphone — vertical cross-section

Figure 1 — Mounting of the microphone
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793/02
&

crophone and board



https://iecnorm.com/api/?name=6f4c51fc35871437832088194592c407

- 28 - 61400-11 O IEC:2002(E)

Wind direction

Tower vertical

centerline —\

~

IEC 3194/02

dard pattern for microphone measurement positions (plan view)
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IEC 3195/02

Figure 4a ontal ‘axis turbi

@@ |

Y
¢ Y

e

Figure 4b — Vertical axis turbine

IEC 3196/02

Key
See 7.1.1.

Figure 4 — lllustration of the definitions of Ry and slant distance R,
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+ Wind direction

| Allowable
region

>

IEG 3197/02

Key
See 7.1.2.

Fig — Allowable region for meteorological mast position as a function of |-

ptan-view

g
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IEC 3198/02
Key

See 7.1.2.

height — cross section
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Figure 9 — lllustration of lines below the L, o + 6 dB criterion
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Figure 11 — lllustration of classifying all spectral lines
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Annex A
(informative)

Other possible characteristics of wind turbine noise emission
and their quantification

A.1 General

In addiftion to those characteristics of wind turbine noise described in the main text
standafgd, the noise emission may also possess some, or all, of the folloWigg:

* infrasound;

 othper, such as a whine, hiss, screech or hum, et in the noise, s
bangs, clatters, clicks, or thumps, etc.

These preas are described briefly belgWw, g 3sib i easures discussed.

It should be noted that certain aspect low frequency noise, impulsiV

amplitdde modulation are not fullyl un present. Thus it may prov

measuffement positions f i rbine than those specified

standard may be preferah i se characteristics.

A.2 Infrasound

lowtfrequency noise;
impulsivity;

lowtfrequency modulation of broad band or tonal noise;

Sound
to the
cases,

is the G-weighted sournd-p

A.3 Lagv

A distu
100 HZ} The’ annoyance caused by noise dominated by low frequencies is oftEn not
adequdtely’described by the A-weighted sound pressure level, with the result that nuispnce of
such a noise may be underestimated if assessed using only an Lp¢q value.

at frequen; .

human ear
can causg a

ed infrasound. Although such sound is barely
preblems such as vibration in buildings and, in g
asound is thought to be emitted, an appropriate nj
re [evel according to 1ISO 7196.

rbance¢an be raused by low-frequency noise with frequencies in the range fro

of this

uch as

ity and
e that
in the

audible
xtreme
easure

m 20 to

It may be possible to decide whether the noise emission can be characterised as having
a low-frequency component. This is likely to be the case if the difference between the A and
C-weighted sound pressure levels exceeds approximately 20 dB.

In these circumstances, low-frequency noise may be quantified by extending the one-third
octave band measurements described in the main body of the text, down to 20 Hz. For one-
third octave bands, the 20, 25, 31,5 and 40 Hz bands should additionally be determined.

Narrowband spectra for frequencies below 100 Hz should be determined using a bandwidth
smaller than one-half the blade passage frequency.
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A.4 Impulsivity

An impulsive, thumping sound may be emitted from a wind turbine due, for example, to the
interaction of the blade with the disturbed wind around the tower. Impulsivity is a measure of
the degree of this thumping.

A quantification of impulsivity can be obtained from the average of several measurements of
the difference between the C-weighted ‘impulse hold’ and maximum C-weighted ‘slow’ sound
pressure levels.

The im

signal
using 4
A.5 Amplitude modulation of the broad band noise
In somg cases, it is possible that the broadband noise emitted b dulated

by the|blade passage frequency giving rise to a charag or “whopshing”

sound.

This miodulation can be displayed by recording the A ~ ressure
level w|th time weighting F for at least t 55€8 i

The chhracteristics of this modulation

a s (see
Annex [C), and for this reason such condi

o

D.

A.6 Other noise charag

If the rfoise emission gech, hum, bang, clatter, click, thumlp, etc.,
then tHis charactecist € NAs full a description as possible of the¢ noise
should |be given r surepients that illustrate the nature of the noise|should

be takgn.
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