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National foreword

This British Standard is the English language version of EN 61400-11:1998.
It is identical with IEC 61400-11:1998.

The UK participation in its preparation was entrusted to Technical Committee
PEL/88, Wind Turbine Generator Systems, which has the responsibility to:

— aid enquirers to understand the text;

— present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the UK
interests informed;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

From 1 January 1997, all IEC publications have the number 60000 added to
the old number. For instance, IEC 27-1 has been renumbered as IEC 60027-1.
For a period of time during the change over from one numbering system to the
other, publications may contain identifiers from both systems.

Cross-references

Attention is drawn to the fact that CEN and CENELEC Standards normally
include an annex which lists normative references to international
publications with their corresponding European publications. The British
Standards which implement these international or European publications may
be found in the BSI Standards Catalogue under the section entitled
“International Standards Correspondence Index”, or by using the “Find”
facility of the BSI Standards Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of
a contract. Users of British Standards are responsible for their correct
application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i and 11,
the EN title page, pages 2 to 30, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on
the inside front cover.

This British Standard, having Amendments issued since publication

been prepared under the

girection of the Electrotechnical Amd. No. Date
ector Committee, was

published under the

authority of the Standards

Committee and comes

into effect on

15 January 1999
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English version
Wind turbine generator systems
Part 11: Acoustic noise measurement techniques
(IEC 61400-11:1998)
Aérogénérateurs Windenenergieanlagen
Part 11: Techniques de mesure Teil 11: SchallmeBverfahren
du bruit acoustique (IEC 61400-11:1998)

(CEI 61400-11:1998)

This European Standard was approved by CENELEC on 1998-10-01.
CENELEC members are bound to comply with the CEN/CENELEC Internal
Regulations which stipulate the conditions for giving this European Standard
the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national

standards may be obtained on application to the Central Secretariat or to any
CENELEC member.

This European Standard exists in three official versions (English, French,
German). A version in any other language made by translation under the
responsibility of a CENELEC member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria,
Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fir Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B-1050 Brussels
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Foreword

The text of document 88/96/FDIS, future edition 1
of IEC 61400-11, prepared by IEC TC 88,

Wind turbine systems, was submitted to the
IEC-CENELEC parallel vote and was approved by
CENELEC as EN 61400-11 on 1998-10-01.

The following dates were fixed:

— latest date by which the
EN has to be implemented
at national level by
publication of an identical
national standard or by
endorsement

— latest date by which the
national standards
conflicting with the
EN have to be withdrawn

(dop) 1999-07-01

(dow) 2001-07-01

Annexes designated “normative” are part of the
body of the standard.

Annexes designated “informative” are given for
information only.

In this standard, Annex ZA is normative and
Annex A, Annex B, Annex C, Annex D and Annex E
are informative.

Annex ZA has been added by CENELEC.
Endorsement notice

The text of the International Standard
IEC 61400-11:1998 was approved by CENELEC as
a European Standard without any modification.
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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
(WTGS). This standard has been prepared with the anticipation that it would be applied by:

— the WTGS manufacturer striving to meet well defined acoustic emission performance requirements
and/or a possible declaration system:;

— the WTGS purchaser in specifying such performance requirements;

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

— the WTGS planner or regulator who must be able to accurately and fairly define acoustical emission
characteristics of WTGS in response to environmental regulations or permit requirements for new or
modified installations.

This standard provides guidance in the measurement, analysis and reporting of complex acoustic emissions
from wind turbine generator systems (WTGS). The standard will benefit those parties involved in the
manufacture, installation planning and permitting, operation, utilization, and regulation of WT'GS. The
technically accurate measurement and analysis techniques recommended in this document should be
applied by all parties to ensure that continuing development and operation of WTGS is carried out in an
atmosphere of consistent and accurate communication relative to environmental concerns. This standard
presents measurement and reporting procedures expected to provide accurate results that can be
replicated by others.

The consistency of results using the method for measurement of tonality will be assessed, and future
revisions will address any identified shortcomings.

1 General

1.1 Scope and object

This part of IEC 61400 presents sound measurement procedures that enable noise emissions of a wind
turbine to be characterized. This involves using measurement methods appropriate to noise emission
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 source size. The procedures described are different in some respects
from those that would be adopted for noise assessment in community noise studies. They are intended to
facilitate characterization of wind turbine noise with respect to a range of wind speeds and directions.
Standardization of measurement procedures will also facilitate comparisons between different wind
turbines.

The procedures present methodologies that will enable the noise emissions of a single WT'GS to be
characterized in a consistent and accurate manner. These procedures include the following:

— location of acoustic measurement positions;
— requirements for the acquisition of acoustic, meteorological, and associated WTGS operational data;
— analysis of the data obtained and the content for the data report; and

— definition of specific acoustic emission parameters, and associated descriptors which are used for
making environmental assessments.

The standard is not restricted to WT'GS of a particular size or type. The procedures described in this
standard allow for the thorough description of the noise emission from a WTGS. If, in some cases, less
comprehensive measurements are needed, such measurements are made according to the relevant parts of
this standard.

1.2 Normative references

The following normative documents contain provisions that, through reference in this text, constitute
provisions of this part of IEC 61400. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this part of IEC 61400
are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below. Members of IEC and ISO maintain registers of currently valid International
Standards.
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TEC 60386:1972, Method of measurement of speed fluctuations in sound recording and reproducing
equipment.

IEC 60651:1979, Sound level meters.

TEC 60688:1997, Electrical measuring transducers for converting a.c. electrical quantities to analogue or
digital signals.

TIEC 60804:1985, Integrating-averaging sound level meters.

IEC 60942:1997, Electroacoustics — Sound calibrators.

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

TEC 61400-12:1998, Wind turbine generator systems — Part 12: Wind turbine power performance testing.

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

1.3.1
acoustic reference wind speed V,..¢ (in metres per second)

a wind speed of 8 m/s at reference conditions (10 m height, roughness length equal to 0,05 m) used in the
calculation of the apparent sound power level to provide a uniform basis for the comparison of apparent
sound power levels from different WT'GS

1.3.2
apparent sound power level Ly, (in decibels)

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 as determined at the acoustic reference wind
speed

1.3.3

A-weighted or C-weighted sound pressure levels (in decibels)

sound pressure levels measured with the A or C frequency weighting networks specified in IEC 60651,
designated by Ly or L, respectively

1.3.4
directivity A; (in decibels)

the difference between the A-weighted sound pressure levels measured at measurement positions 2, 3,
and 4 and those measured at the reference position 1 downstream from the turbine corrected to the same
distance from the WTGS rotor centre

1.3.5
grazing angle ¢ (in degrees)

the angle between the plane of the microphone board and a line from the microphone to the rotor centre

1.3.6
reference distance R (in metres)

the nominal horizontal distance from the centre of the base of the WT'GS to each of the prescribed
microphone positions

1.3.7
reference height z,..¢ (in metres)

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

1.3.8
reference roughness length zj,.¢ (in metres)

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

1.3.9
sound pressure level L, (in decibels)

10 times the logarithm to the base 10 of the ratio of the mean-square sound pressure to the square of the
reference sound pressure of 20 uPa
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1.3.10

standardized wind speed V, (in metres per second)

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

1.3.11

tonality AL, (in decibels)

the difference between the tone level and the level of the masking noise in the critical band around the tone

1.4 Symbols and units

B angle used to define allowable area for anemometer mast location ©)
0} grazing angle @)
D rotor diameter (horizontal axis turbine) or equatorial diameter (vertical axis turbine) (m)
A directivity at “i th” position (dB)
AL, tonality (dB)
f frequency of tone (Hz)
fe centre frequency of critical band (Hz)
z anemometer height (m)
Zpef reference height for wind speed, 10 m (m)
H height of rotor centre (horizontal axis turbine) or height of rotor equatorial plane

(vertical axis turbine) above local ground near the wind turbine (m)
Lyor Lo A or C-weighted sound pressure level (dB)
Lpeq equivalent continuous A-weighted sound pressure level (dB)
Lpeq,c equivalent continuous A-weighted sound pressure level corrected for background

noise at acoustic reference wind speed and corrected to reference conditions (dB)
Lpeq;i equivalent continuous A-weighted sound pressure level in position “i” corrected

for background noise (dB)
L, equivalent continuous sound pressure level of the background noise (dB)
Lp sound pressure level (dB)
Lon sound pressure level of masking noise within a critical band (dB)
Lin,ave average of analysis bandwidth sound pressure levels of masking noise (dB)
Lpt sound pressure level of the tone or tones (dB)
L, equivalent continuous sound pressure level of wind turbine noise alone (dB)
Ly, equivalent continuous sound pressure level of combined wind turbine and

background noise (dB)
Lywya apparent sound power level (dB)
p atmospheric pressure (kPa)
P, measured electric power (W)
P, normalised electric power (W)
Ry slant distance to reference position 1 (m)
R, slant distance, from rotor centre to actual measurement position “i”,

where1=1, 2, 3, or 4 (m)
R, reference distance (m)
t air temperature &)
Uy, U, Upr uncertainty components (dB)
V, wind speed at height, z (m/s)
Varef acoustic reference wind speed, 8 m/s (m/s)
Vs standardized wind speed (m/s)
Zy roughness length (m)
Zoref reference roughness length, 0,05 m (Eng
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1.5 Abbreviations
1.5.1 FFT Fast Fourier transform
1.5.2 WT'GS Wind turbine generator system(s)

2 Outline of method

This part of IEC 61400 defines the procedures to be used in the measurement, analysis and reporting of
acoustic emissions of WT'GS. Instrumentation and calibration requirements are specified to ensure
accuracy and consistency of acoustic and non-acoustic measurements. Non-acoustic measurements
required to define 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 to obtain these parameters.

Application of the method described in this International Standard provides the value of the apparent
A-weighted sound power level, its variation with wind speed and the directivity of an individual WTGS.
Measurements include octave or third-octave band sound pressure levels, and narrow band spectra.

The measurements are made at locations close to the turbine in order to minimize the influence of terrain
effects, atmospheric conditions or wind-induced noise. To account for the size of the WT'GS under test, a
reference distance R based on the WTGS 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 minimize 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 adjusted to corresponding wind
speeds at a reference height of 10 m and a reference roughness length of 0,05 m. The sound level at the
acoustic reference wind speed of 8 m/s is determined based on a derived regression line correlating the
sound levels and wind speeds. The apparent A-weighted sound power level is calculated from that sound
level.

The directivity is determined by comparing the A-weighted sound pressure levels at three additional
positions around the turbine with those measured at the reference position.

Informative annexes are included that cover:
— other acoustic characteristics of WT'GS noise that may be present (Annex A);
— criteria for data recording and playback equipment (Annex B);
— assessment of turbulence intensity (Annex C);
— measurement uncertainty (Annex D).

3 Instrumentation
3.1 Acoustic instruments
The following equipment is necessary to perform the acoustic measurements as set forth in this standard.

3.1.1 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.

3.1.2 Equipment for the determination of octave or 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 frequency range 45 Hz to 5 600 Hz. The filters shall meet the
requirements of IEC 61260 for Class 1 filters.

The equivalent continuous sound pressure levels in octave or third-octave band shall be determined
simultaneously with centre frequencies from 63 Hz to 4 kHz (third-octaves from 50 Hz to 5 kHz). It may be
relevant to measure the low-frequency noise emission of a WTGS. In such cases, a wider frequency range
1s necessary, as discussed in Annex A.
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3.1.3 Equipment for the determination of narrow band spectra

The equipment shall fulfill the relevant requirements for IEC 60651 type 1 instrumentation in the
frequency range 20 Hz to 5 600 Hz.

3.1.4 Microphone with reflecting surface and windscreen

The microphone shall be mounted 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 Figure 1
and Figure 2. The board shall have a minimum width or diameter of 1,0 m and be made from a material
that is acoustically hard, such as a piece of plywood or hard chip-board with a thickness of at least 12,0 mm,
or a piece of metal with a thickness of at least 2,5 mm. If a rectangular board is used, the microphone shall
be placed 100 mm to 150 mm from any line of symmetry.

The windscreen to be used with the ground-mounted microphone shall consist of a primary and, where
necessary, a secondary windscreen. The primary windscreen shall consist of one half of an open cell foam
sphere with a diameter of approximately 90 mm, which is centred around the diaphragm of the
microphone, as in Figure 2.

The secondary windscreen shall be used when it is necessary to obtain an adequate signal-to-noise ratio at
low frequencies in high winds.

For example, it could consist of a wire frame of approximate hemispherical shape, at least 450 mm in
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 symmetrically over the smaller
primary windscreen.

If the secondary wind screen is used, the frequency response of the secondary wind screen mounted on a
hard board must be documented.

3.1.5 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 fulfill the requirements of IEC 60942
class 1, and shall be used within its specified environmental conditions.

3.1.6 Data recording/playback systems

If a data recording/playback system is an integral part of the measurement instrumentation, the entire
chain of measurement instruments shall fulfil the relevant requirements of IEC 60651, for type 1
instrumentation. Examples are given in Annex B.

3.2 Non-acoustic instruments
The following equipment is necessary to perform the non-acoustic measurements set forth in this standard.
3.2.1 Anemometers

The anemometer and its signal processing equipment shall have an a maximum deviation from the
calibration value of + 0,5 m/s in the wind speed range from 3 m/s to 20 m/s. The anemometer shall be
capable of measuring the average wind speed over time intervals synchronized with the noise
measurements.

3.2.2 Electric power transducer

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

3.2.3 Wind direction transducer
The wind direction transducer shall be accurate to within + 6°.
3.2.4 Other instrumentation

Instruments to measure distance are required. Instruments to measure air temperature and atmospheric
pressure are required for certain measurement procedures.
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