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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS -

Part 11: Acoustic noise measurement techniques

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization for stndard|t|on comprising
all national electrotechnical committees (IEC National Committees). The objeg to promote

international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, IEC publishes International Standards\Technicalk'Spetifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (R 3

Publication(s)”). Their preparation is entrusted to technical committees; a E i njtte®/interested
in the subject dealt with may participate in this preparatory work b Y
governmental organizations liaising with the IEC also participate in jh ~ collaborates closely
with the International Organization for Standardization (ISO) in gccordange Wi itions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg as early as possible, an lnternatlonal
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

the latter.

5) IEC provides no marki
equipment declared to

6) All users should@ )
7) No liability shall cht

International Standard IEC 61400-11 has been prepared by IEC technical committee 88: Wind
turbines.

Thissconsolidated version of IEC 61400-11 consists of the second edition (2002) [documents
88/166/FDIS and 88/171/RVD] and its amendment 1 (2006) [documents 88/260/FDIS and
88/264/RVD].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.

It bears the edition number 2.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,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:

PPVH-P= I TR +f 4 $e + + L daofia
T JaCoT

+h A F'H £
hd te—-wHratdroHemanuractdrer DI.IIVIIIH toeetwet HetacousStHeerHSStohn PUIIUIIIIGIIUU

requirements and/or a possible declaration system;

A\~

e the wind turbine purchaser in specifying such performance requirements;

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

acoustic emissions from wind turbine generator system g
parties involved in the manufacture, installation,
utilization, and regulation of wind turbines. The
recommended in this document should be apphe
development and operation of wind turbines is ca
accurate communication relative to~environg
measurement and reporting proced
replicated 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

the following:

e location of acoustic measurement peositions;

e requirements for the acquisition of\acoust S ogical,) and associated wind turbine

e analysis of the data obtained and the c ta report; and

ontento
{ % s,”and associated descriptors which are
shents.

described in this stqnda v fqr. thes thqrough description of the noise emission from a wind
turbine. If, in so S 3 p
ments are made acgd

IEC 60386:1972, Method of measurement of speed fluctuations in sound recording and
reproducing equipment

|IEC60651:1979, 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 power
performance testing
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3 Definitions

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

3.1
apparent sound power level

Lywa (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 pPa)
a frequency dependent criterion curve determined from listeni

33
A-weighted or C-weighted sound pressure levels
L, or L, respectively (in dB re. 20 pyPa)

sound pressure levels measured with the A or
IEC 60651

eighting” networks specified in

3.4

directivity
4; (in dB)
the difference between the A-weight

3.5
inclination an

¢ (in °)
the angle betwee
rotor centre

icrophone board and a line from the microphone to the

3.6
referent
Ry (in m)
the nominal Ko distance from the centre of the base of the wind turbine to each of the
prescribed (microphene positions

3.7

reference height

Zg¢ (in m)

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

3.8

reference roughness length

Zoref (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)

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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3.10

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

311

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 difference between the tone level and the level of the masking r
around the tone at integer wind speeds k=6, 7, 8, 9, 10

4 Symbols and units

D rotor diameter (horizontal axis turbine) o
axis turbine)

H or/height.of rotor equatorial
r e’wind turbine (m)
LporLe (dB)
LAeq,k
(dB)
LAeq,c,k
(dB)
LAeq i
(dB)
Ly (dB)
L .
pn.j.k
(dB)
Lpn,avg,j,k
(dB)
Lotk sound pressure level of the tone or tones in the ‘" spectra at the ‘kt
wind speed, wherej=1to12and k=6,7, 8,9, 10 (dB)
L equivalent-contindous-sound-pressure-tevel-of-only-wind-turbineneise {eB)
Lovn equivalent continuous sound pressure level of combined wind turbine and
background noise (dB)
Lwa k apparent sound power level, where k=6, 7, 8,9, 10 (dB)
P measured electric power (W)

n normalised electric power (W)
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R, slant distance, from rotor centre to actual measurement position ‘7',
wherei=1,2,3, or4 (m)
Rg reference distance (m)
So reference area, Sy = 1 m2 (m?2)
T\_, air fnmpnrafnrn ((“)
Tk air temperature (K9
Ua, Ug uncertainty components (dB)
VH wind speed at hub height, H (m/s)
Vb derived wind speed from power curve (m/s)
Va wind speed measured by the nacelle anemometer (m/s)
v, wind speed at height, z (m/s)
Ve standardized wind speed (m/s)
f frequency of the tone (Hz)
fe centre frequency of critica € (Hz)
p atmospheric pressure (kPa)
o) roughness leng (m)

(dB)

(dB)

inclination 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.
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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.

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.

with a reference/declared noise level, the verification c be made
accordance with the present standard for a wind

s.d minimum. As a minimum,
(i.e. site average = 4,8 m/s,

e criteria for recording/playback equipment (Annex B);
e assessment of turbulence intensity (Annex C);

e assessment of measurement uncertainty (Annex D).

6~ Instrumentation

6.1 Acoustic instruments

The following equipment is necessary to perform the acoustic measurements as set forth in
this standard.
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6.1.1 Equipment for the determination of the equivalent continuous A-weighted
sound pressure level

The equipment shall meet the requirements of a type 1 sound level meter according to
IEC 60804. The diameter of 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 requirements given for type 1 sound level 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 octaye bands ‘shall be
determined simultaneously with centre frequencies from 50 Hz to 10 k may.-be' relevant
to measure the low-frequency noise emission of a wind turbine, f ses\a wider
frequency range is necessary as discussed in Annex A.

6.1.3 Equipment for the determination of narrow band.spe

The equipment shall fulfil the relevant requirements fo S pstrumentation in
the 20 Hz to 11 200 Hz frequency range.

6.1.4 Microphone with measurement board/and

microphone in a plane normal to the boQard i xis of the microphone pointing

towards the wind turbine, as in Figures/1 and 2\J e board shall be circular with a diameter of
at least 1,0 m and made from material \that stisally’hard, such as plywood or hard chip-
board with a thickness o ith a thickness of at least 2,5 mm.
A larger board is recom ound. In the exceptional case that the
board is split (i.e. not fin_on e congiderations; the pieces shall be level within

the same plane, the ga : ‘ ;yahd the split must be off the centre line and parallel

with the micropr@a

and, where neceg
half of an ope

greund-mounted microphone shall consist of a primary
indscreen. The primary windscreen shall consist of one

with a diameter of approximately 90 mm, which is centred
syophone, as in Figure 2.

For example; it coutd consist of a wire frame of approximate hemispherical shape, at least
450 mmNin“diameter, which is covered with a 13 mm to 25 mm layer of open cell foam with a
porosity of 4 to 8 pores per 10 mm. This secondary hemispherical windscreen shall be placed
syminetrically over the smaller primary windscreen.

If the secondary windscreen is used, the influence of the secondary windscreen on the

frequency response must be documented and corrected for.

6.1.5 Acoustical calibrator

The complete sound measurement system, including any recording, data logging or
computing systems, shall be calibrated immediately before and after the measurement
session at one or more frequencies using an acoustical calibrator on the microphone. The
calibrator shall fulfil the requirements of IEC 60942 class 1, and shall be used within its
specified environmental conditions.
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6.1.6 Data recording/playback systems
A data recording/playback system is a required part of the measurement instrumentation, and

the entire chain of measurement instruments shall fulfil the relevant requirements of
IEC 60651, for type 1 instrumentation. Examples are given in Annex B.

6.2 Non-acoustic Instruments

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
the calibration value of 0,2 m/s in the wind speed range from 4 m
capable of measuring the average wind speed over time interva
acoustic measurements.

Because the nacelle anemometer is in situ calibrated duy the demand for
calibration does not apply to the nacelle anemometer, S rom the nacelle
anemometer may be supplied from the wind turbine ¢ S \ celle anemometer
shall not be used for background noise measuremen

6.2.2 Electric power transducer

measured with a
accuracy of +

The following eguiprnent.Shall be checked regularly and be calibrated with traceability to a
3 gndards laboratory. The maximum time from the last calibration shall be
as stated for each of equipment:

e acoustic calibrator (12 months);
e microphone (24 months);

e_) integrating sound level meter (24 months);

e spectrum 2nn|y7nr (’%G mnn‘rhc);

e data recording/playback system (24 months);
e anemometer (24 months);

e electric power transducer (24 months).

If the acoustic calibrator is calibrated as a part of the integrating sound level meter, the
maximum calibration interval may be extended to 24 months.

An instrument shall always be recalibrated if it has been repaired or is suspected of fault or
damage.
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7 Measurements and measurement procedures

7.1 Measurement positions

To fully characterize the noise emission of a wind turbine, the following measurement
positions are required.

711 Acoustic measurement positions

One, and optionally another three, microphone positions are to be used. The four positions
shall be laid out in a pattern around the vertical centreline of the wind turbine tower’ as
indicated in the plan view shown in Figure 3. The required downwind meagurément position is
identified as the reference position, as shown in Figure 3. The directiop~Qf the pusitions shall

(2)

where
H is the vertic

board should 3 t eans of soil. The inclination angle ¢, as shown in Figure 4,
shall be Detwe \ )°. This may require adjustment of the measurement position

The measureément position shall be chosen so that the calculated influence from any reflecting
structures, 'such as™wtildings or walls, shall be less than 0,2 dB.

7.1.2~Wind speed and direction measurement positions

The test anemometer and wind direction transducer shall be mounted in the upwind direction
of the wind turbine at a height between 10 m and rotor centre. The transducers shall be

ptaced—atadistance betweenm 2D—and4b—fromtherotor centre—Hmethod2(see73-t2) s
used to determine the wind speed, the allowable region in which the anemometer and wind
direction transducer shall be located is given in Figure 5.
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The angle Sis given by:

zZ—Z
ﬂ=—fef(/f -B_ )+/f. (3)
H-z max min min
ref

where
z is the anemometer height, see Figure 6;
Z.ef is the reference height of 10 m;
H is the height of the rotor centre or equatorial plane of the wind turbine, see Figure 4;

Bmax is the maximum angle for 8, Bmax = 90°;

B is the minimum angle for B, B, =30°.

nacelle anemometer method is chosen, the wind spg
measured. If no nacelle anemometer is available

The acoustic measuremenis i 1g formation to be determined about the
noise emission from the i ine™a s ¥ind speeds 6, 7, 8, 9 and 10 m/s (wind

— the apparent
— the one-thir
— the tonality.

Optional
impulsivity.

de directivity, infrasound, low-frequency noise and

For all acousticyneastyrements, the following requirements are valid:

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

e -Allacoustical 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 turhine Qtnlnlnpd, and ||qing the same measurement set-up the hgr‘kgrmmd

noise shall be measured immediately before or after each measurement series of wind
turbine noise and during similar wind conditions. When measuring background noise,
every effort shall be made to ensure that the background sound measurements are
representative of the background noise that occurred during the wind turbine noise
emission measurements

e The measurements shall cover as broad a range of wind speeds as practically possible.
To obtain a sufficient range of wind speeds it may be necessary to take the measurements
in several measurement series.

Additionally, the following requirements are valid for the individual acoustic measurements.
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7.2.2 Acoustic measurements at the reference position 1
7.2.21 A-weighted sound pressure level

The equivalent continuous A-weighted sound pressure level of the noise from the wind turbine
shall be measured at the reference position by a series of at least 30 measurements
concurrent with measurements of the wind speed. Each measurement shall be integrated over
a Ir_\nrinrl of not less than 1 min._At least three measurements shall he within +ﬂ,’-'\ m/s at each

integer wind speed.

For the background noise at least 30 measurements in total shall be made, covering
corresponding ranges of wind speed as above.

7.2.2.2 One-third octave band measurements

position shall be determined as the energy average of at least
over at least 1 min at each integer wind speed. As a minimun

7.2.2.3 Narrow band measurements

For each integer wind speed, at least
noise are required. These 2 min shal
If the A-weighting cannot be applied duri

7.2.3 Optional acoustic

measurements iR the nreferénce positions may be made individually, but each one
shall be made_si vith measurement in the reference position. The sound
pressure S on shall be determined as the energy average of five

The background 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 Vg shall differ by 1ess than Z 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
over at least 1 min, shall be obtained.
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7.2.4 Other optional measurements

It is recommended that additional measurements be taken to quantify noise emissions that
have definite character that is not described by the measurement procedures detailed in this
standard.

Such character might be the emission of infrasound, low-frequency noise, low-frequency

modutation of broadband noise, irnpmses, or unusudl sOunds (SuUcCl ds d Wnine, niss, Screecll
or hum), distinct impulses in the noise (for example bangs, clatters, clicks, or thumps), or
noise that is irregular enough in character to attract attention. These areas are discussed, and
possible quantitative measures outlined in Annex A. These measures are not universally
accepted and are given for guidance only.

7.3 Non-acoustic measurements

The following non-acoustic measurements shall be made.

7.3.1 Wind speed measurements

7.3.1.1

The power curve relates the power to tF 3 uh_height. For most wind turbines,
the wind speed can be determined from the sured_electric power. Correlation between
measured sound level and measured ry high up to the point of maximum
power.

The wind speed shall be L ents of the produced electric power using a
traceable power vers i eferably measured according to IEC 61400-12,
and preferably @ ise, for the same type of wind turbine with the
same componen power curve shall give the relation between the wind

The use™® e ents and the wind turbine power curve is the preferred method of
wind speed i , provided the wind turbine operates below the maximum power
point during ‘\the ise measurement series. However, note that during background noise

measurements, the¥wind speed must be measured with an anemometer at a height of
at least1O'm.

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.



https://iecnorm.com/api/?name=1e2da694da13034d220f70ebaf09c9c1

-18 - 61400-11 © IEC:2002+A1:2006(E)

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:
T
Pn — Pm{ k }pref
Tref p (4
Ut/
where
P, is the normalised electric power (kW);

is the measured electric power (kW);
T, is airtemperature in K, T, = T, + 273 ;

T, is the air temperature (°C);
= 288 K;
p is the atmospheric pressure (kPa);

is the reference temperature, T, ¢

Pref is the reference atmospheric pressure, p o =

For turbines with active power contro
according to:

where Q
Vy  is the corrected

Vp is the derivg

the foIIowing wo methods shall be used to determine the wind speed for data above 95 % of

rated powef:

7.3.1.141% Nacelle anemometer method

For all data points between 5 % and 95 % of rated power, a linear regression using the
nacelle wind speed V, and corrected wind speed V' at hub height determined from electrical
power measurements shall be determined. For passive stall turbines, the corrected wind

speed V' at hub height is the derived wind speed V', from power. For active power controlled
turbine, V' is determined from Equation (5).

The corrected wind speed above 95 % of rated power shall be determined applying the
resulting linear regression to the nacelle wind speed V..



https://iecnorm.com/api/?name=1e2da694da13034d220f70ebaf09c9c1

61400-11 © IEC:2002+A1:2006(E) -19 -

7.3.1.1.2 x-factor method

For all data points with power levels below 95 % of rated power, the ratio of standardised
wind speed and measured wind speed, k, 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 =K1, (6)

where
y

s is the standardised wind speed;

v, is the wind speed measured at anemometer height z.

The nacelle anemometer method is the preferred method as the cort weern nacelle
wind speed and the electrical power output is typically better e wind> speed
measured below hub height.

If an anemometer is used to measure wind speed i measurement results
shall be adjusted to a height of 10 m and the refg gth as described in
Equation (7).

Measurement by an anemometer at™a heigt and hub height will also be
appropriate during background noise measur y >Avind turbine is parked, and the
turbine has been used as an anemom bine noise measurements.

Wind speed data shall be %tical v averaged over the same period as the

7.3.2 Wind dipectio

Wind direction wi:/z 3 ind direction transducer to ensure that measurement
locations are kepjaV Aacele azimuth positions with respect to upwind, and to
measure the pogitio S momxeter. Wind direction shall be averaged over the same

period as the aQiss

Air temperature.and pressure shall be measured and recorded at least every 2 h.

Turbulengein the wind incident to a wind turbine can affect its aerodynamic noise emission.
A discussion of assessment of turbulence is contained in Annex C.

7.34 Rotor speed and pitch angle measurement

Measurement and reporting of relevant wind turbine control parameters such as rotor speed

and pitch angle are recommended. These data may be obtained from the wind turbine
controller.
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8 Data reduction procedures

8.1 Wind speed

The wind speeds measured at height z or determined at rotor centre height H from
measurements of electrical power shall be corrected to the wind speed V; at reference
conditions by assuming wind profiles in the following equation:

)l
Jnz)

|,{Zref
ZOref

( H
In

Zoref
Zy.ef IS the reference roughness length of 0,05 m;

Vg=V,

where

o) is the roughness length;

H is the rotor centre height;
Z.f is the reference height, 10 m;
z is the anemometer height.

The roughness lepgth
or estimated a 4
wind speed, x may

noise measureme

Table 1 - Roughness length

< \ \\ \ Type of terrain Roughness length z,
wa&srw sand surfaces 0,000 1 m
Opwt Ia\Qd, mown grass, bare soil 0,01 m
Farmland with some vegetation 0,05 m
Suburbs, towns, forests, many trees and bushes 0,3 m
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8.2 Correction for background noise

Using the methods specified in the relevant following paragraphs 8.3 to 8.5, all measured
sound pressure levels shall be corrected for the influence of background noise. For average
background sound pressure levels that are 6 dB or more below the combined level of the wind
turbine and background, the corrected value can be obtained using the following equation:

Ls=101g {10(0:1Ls+n)_10(0v1Ln)J
(8)

where
L

is the equivalent continuous sound pressure level, in dB, of the wiy
alone;

s khine Operating

Ly, is the equivalent continuous sound pressure level, in dB, e plus
background noise;
L, is the background equivalent continuous sound pressure fevel

If the equivalent continuous sound pressure level of the
Lgip, is less than 6 dB but more than 3 dB higher than
by subtraction of 1,3 dB, but the corrected data pog

ackground noise,
is corrected

“o%x N

s+n

ind speeds. The bins will be 1 m/s wide,
open on the low end, & 1 N e shall be at least one point on both sides
of the integer Wiﬁ ig,analysis, the value of Leq i at the each integer wind
speed from 6 m p S i

regression at the

. The value of L, at the integer wind speeds shall be
oise at the integer wind speeds and shall be identified as

1

Lwak =Laeq,ck —6+101g
9)

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
Sy is a reference area, Sy = 1 m2.

The 6 dB constant in equation (9) accounts for the approximate pressure doubling that occurs
for the sound level measurements on a ground board.
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8.4 One-third octave band levels

The one-third octave band levels of the wind turbine noise shall be corrected for the
corresponding one-third octave band levels of the background noise.

8.5 Tonality

The presence of tones in the noise at different wind speeds shall be determined on the basis
of the narrowband analysis.

The tonal analysis shall cover the same wind speed range as the
measurement. For each wind speed bin, the two one-minute periods
wind speed value shall be analysed as shown in Figure 7.

power level
the integer

The two one-minute measurements shall be divided into 12 ten,setond Tols am ‘which 12

Table 2 - Freque

Freq:zency & %s th 2 K\' )\{ooo - 5000

Frequency resolution /l (0] 5\H{ 2t0 12,5 Hz

For each 10-second energ 2 cm = 1Yo 12, in each integer wind speed, k = 6,

e The sound p g noise L, in a critical band around the tone

pn’j’
shall be deter

e The sound preisu e leve ' 1e(s) shall be determined.

e The tonality
masking nQis

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,
deviations from the prescribed method may be needed and must be reported.
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8.5.2 Identifying possible tones
A preliminary identification of tones is needed for the classification of the spectrum lines.

The following procedure is used to identify possible tones:

e find local maxima in the spectrum;

e calculate the average energy in the critical band centred on each local maximum, not
including the line of the local maximum and the two adjacent lines;

e if the local maximum is more than 6 dB above the average masking noise level, then-it'is
a possible tone.

8.5.3 Classification of spectral lines within the critical band

20 Hz to 120 Hz.

Within each critical band, every spectral line is classifie
the following procedure.

a) Calculate the L;g o, sound pressure level, wheke\Lzg i he

dB as |

lustrated in Figure 9;

less\than the criterion level. L, 5,4 is then
sking as illustrated in Figure 10.

ified as ‘tone’, the line having the greatest
only classified as ‘tone’ if their levels are

The sound preg evelyof the tone, L is determined by energy summing all spectral
lines identifie lones/ within the criticai band in 8.5.3. Where this involves 2 or more
adjacent lines, Ja~correction is applied for using the Hanning window. This requires dividing the
energy sum.by 1,5.

Note-that if more than one tone is present within the same critical band, the above procedure
is<eguivalent 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. Lpn,av ik shall be corrected according to equation (8),
using the level of the background noise in t%e 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 wind turbine noise in the relevant critical bands. If this is not the case, a statement must
be recorded that the masking noise is influenced by background noise.
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8.5.6 Determination of the masking noise level

The masking noise level, L is defined as follows:

pn,j, k>

Critical bandwidth
Effective noise bandwidth

Lpn’j’k = mevg,j’k +101g [
(11)

where L, 54,k IS the background corrected energy average of the spectral lines identified as
‘masking’ within the critical band.

The effective noise bandwidth is 1,5 times the frequency resolution ich includes a
correction for the use of the Hanning window.

8.5.7 Determination of tonality

The difference between the tone level, Ly ;, and the leve ise in the

corresponding critical band, is given by:

Al jk =Lptjk —L (12)

en-second spectra so that

} (13)

regarded as the i the average frequency is used for determining the
audibility.

ak IS defined as:
ALy = ALy —L, (14)

L is the frequency dependent audibility criterion, defined as:

2,5
502 J (15)

Ly =-2-1g 1+[

where fis the frequency of the tone, in Hz.

Note that this criterion curve has been determined from listening tests, and reflects the
subjective response of a ‘typical’ listener to time-invariant tones of different frequencies.
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A corresponding value of AL, , must be calculated for each value of AL,. For tonal audibilities
meeting the condition:

ALgy >-3,0dB (16)

The values of AL, | shall be reported.

For tonal audibilities not meeting this condition, i.e. where:

ALy, <-3,0dB n7)

there is no requirement to report the values.

8.6 Directivity (optional)

LAqu is the A-weighted ) at reference position 1, measured simulta-
neouslw A 3 for background noise;
R, is the sl di S &, rotor centre and positions 2, 3, or 4; and

R4 is the sl S tweenythe rotor centre and the reference position 1.

If the altern procedure with non-simultaneous measurements is used, the
A-weighte ssuye level of the wind turbine noise and of the background noise at the
acousti ence\wind speed during the measurements in the reference position shall be
determined analysis for each of the measurement positions 1, 2, 3, and 4. The

bine noise measurements shall be corrected for background noise and
the directivity A; atedch position determined using equation (8).

9 .(nformation to be reported

The configuration of the wind turbine and its operating conditions shall be reported as follows.
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9.1 Characterisation of the wind turbine
The wind turbine configuration shall include the following information:

— Wind turbine details:

e manufacturer;

e model number;
e serial number.

— Operating details:

vertical or horizontal axis wind turbine;

e upwind or downwind rotor;

e hub height;

e horizontal distance from rotor centre to tower axis;
e diameter of rotor;

e tower type (lattice or tube);

e passive stall, active stall, or pitch controlled
e constant or variable speed;
e power curve (if required for widd speed

e rotational speed at each integek standa peed from 6 to 10 m/s and at

rated power;
e pitch angle at each jnteger sta arwi d
e rated power outp
e control softwarg
— Rotor details;
e rotor co e

presence of

éd from 6 to 10 m/s;

De

3 all strips, serrated trailing edges;

e _fixed-parallel-shaft or planetary gearbox.
— _Geénerator details:
e manufacturer;

e model number;

e rotational speed.
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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:

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

e type of topography/terrain (hilly, flat, cliffs, mountains, etc.) in surrounding area (nearest
4 lern )

I )5

e surface characteristics (such as grass, sand, trees, bushes, water surfaces);

e nearby reflecting structures such as buildings or other structures, cliffs, trees, water
surfaces;

e other nearby sound sources possibly affecting background noise levell as other wind

turbines, highways, industrial complexes, airports;

e two photos, one taken in the direction of the turbine from
position, and one taken from the wind mast toward the turbing;

immediate surroundings, see Figure 2.

9.3 Instrumentation

The following information on the measurement i
e the manufacturer(s);

e the instrument name and type;
e serial number(s);

e other relevant inform

e a plot showing gl 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
lineat;*and scaled so that 1 m/s corresponds to 2 dB;

e .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;
e AL, for each identified tone;

e AL, for each identified tone;

e frequency of the tone(s);

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

e time and date of each measurement series.
Optional acoustic data that may be reported includes:

o directivity;

e low frequency noise;
e infrasound;

e impulsivity;

e amplitude modulation;

e other noise characteristics, if any.

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

e air temperature;
e atmospheric pressixe;

e roughness length;
e the range o@

periods).

speed K yat hub-height determined from measurements of electrical power
9.6 Uncertainty
The uncertainty of the following reported acoustic quantities shall be assessed and reported:

e the apparent sound power level at integer wind speeds;

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

e 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 )|

Minimum dimension
A=10m

Minimum thickness
| T =12,0 mm for wood
2.5 mm for metal

\ < Split (optional)

O

I
—————

Wind turbine

ANS
( ~— ) IEC 3191/
Q Figure(1a —\Mountin the microphone — plan view
Microphone

Primary windscreen

N

Optional secondary
windscreen

Microphone mounting board
Wind turbine :>

IEC 3192/02

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

Figure 1 — Mounting of the microphone


https://iecnorm.com/api/?name=1e2da694da13034d220f70ebaf09c9c1

icture

&

—-30-—

61400-11 © IEC:2002+A1:2006(E)

IEC 3193/02

crophohe and board
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Wind direction

Tower vertical 3
centerline

IEC 3194/02

Figure 3= dard pattern for microphone measurement positions (plan view)
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| A

RO=H+Q

Figure 43

e

9,

N\

R1

IEC 3195/02

ontal axis turbine

Y
Y4

=

Ry=H+D

>

IEC 3196/02

Figure 4b — Vertical axis turbine

Key
See 7.1.1.

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

\ Allowable
region

>

IEC 3197/02

Key
See 7.1.2.

Figuie 5 — Allowable region for meteorological mast position as a function of 5 —
plan view
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“ —
‘ *Allowable range
Zref.

height — cross section

IEC 3198/02

Key
See 7.1.2.
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Figure 7 — Workflow chart for tonality procedure
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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 addition to those characteristics of wind turbine noise described in t ain text-of this

standard, the noise emission may also possess some, or all, of the follgwi
e infrasound;
e low-frequency noise;
e impulsivity;
e low-frequency modulation of broad band or tonal noise;

e other, such as a whine, hiss, screech or hum, e
bangs, clatters, clicks, or thumps, etc.

in the noise, such as

These areas are described briefly belpW, g $03Sib i easures discussed.

It should be noted that certain aspects—of i low frequency noise, impulsivity and
amplitude modulation are not fully( un present. Thus it may prove that
measurement positions fa i rbine than those specified in the

A.2 Infrasound
Sound at frequen;e . ed infrasound. Although such sound is barely audible
i blems such as vibration in buildings and, in extreme

cases, can caus . asound is thought to be emitted, an appropriate measure
is the G-weighted sound re Tevel according to 1ISO 7196.

e VIO

A disturbance _can be xaused by low-frequency noise with frequencies in the range from 20 to
100 Hz. The’ annoyance caused by noise dominated by low frequencies is often not
adequately described by the A-weighted sound pressure level, with the result that nuisance of
such-a{noise may be underestimated if assessed using only an LAeq value.

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 ZU 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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