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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS —

Part 11: Acoustic noise measurement techniques

FOREWORD

1) The IEC (International EIectrotechnicaI Commission) is a worldwide organization for sta comprising all

international

co-operation on all questions concerning standardization in the electrlcal and eleg end and in
addition to other activities, the IEC publishes International Standards. Their pré ed to\technical
committees; any IEC National Committee interested in the subject dealt witk eparatory
work. International, governmental and non-governmental organizations liais{ also patticipate in this
preparation. The IEC collaborates closely with the International Orga zat|on dization (ISO) in
accordance with conditions determined by agreement between the two grgaqizations

2) The formal decisions or agreements of the IEC on technical matter 3 R S ible, an international
consensus of opinion on the relevant subjects since each x i i as Yepresentation from all

interested National Committees.

3) The documents produced have the form of recommendatipgn i | are published in the form of
standards, technical reports or guides and theyare accep t i mittees in that sense.

4) In order to promote international unificatiqn, IE i i undertake to apply IEC International
Standards transparently to the maximum ext e in their natignal and regional standards. Any divergence
between the IEC Standard and the correspondiy a dandard shall be clearly indicated in the
latter

5) The IEC provides no marklng procedure to\ indic i 3 al And cannot be rendered responsible for any

6) Attention is drawn to the possibility t{ s/of this International Standard may be the subject of

International Sta d ( Y heel prepared by IEC technical committee 88: Wind
turbine systems.

The text of this st following documents:

\ FDIS Report on voting
\ \&IQGIFDIS 88/97/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.

Annexes A, B, C, D and E are for information only.

A bilingual version of this standard may be issued at a later date.
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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, ired, acoustic
performance specifications are met for new or refurbished units;

— the WTGS planner or regulator who must be able to accurately and fai Qe acoustical
emission characteristics of WTGS in response to environn i i
requirements for new or modified installations.

This standard provides guidance in the measurement, analy:
emissions from wind turbine generator systems (WTGS) ‘
involved in the manufacture, installation planning ar nitting ation, utilization, and
regulation of WTGS. The technically accurate
recommended in this document should be app
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WIND TURBINE GENERATOR SYSTEMS —

Part 11: Acoustic noise measurement techniques

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 aveid errors due to

— location of acoustic measurement positions;

— requirements for the acquisition of acou
operational data;

The standard is not restri
this standard allow for the
cases, less comprehens

to the relevant partj of
1.2 Normative refére

}e’noise emission from a WTGS. If, in some
d, such measurements are made according

The following nofm ontain provisions that, through reference in this text,
constitute provisi C 61400. At the time of publication, the editions indicated
were valid. A0 no ents are subject to revision, and parties to agreements based on
this part ¢ encolraged to investigate the possibility of applying the most recent
editions Qf th ive documents indicated below. Members of IEC and ISO maintain registers

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

IEC 60651:1979, Sound level meters

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

IEC 60804:1985, 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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1.3 Definitions

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

13.1

acoustic reference wind speed Vgt (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 WTGS

1.3.2

apparent sound power level Lya (in decibels)
the A-weighted sound power level re 1 pW of a point source at the rotg
emission in the downwind direction as the wind turbine being measuted
acoustic reference wind speed

the same
ed at the

1.3.3
A-weighted or C-weighted sound pressure levels (in decibe
sound pressure levels measured with the A or C frequehc
IEC 60651, designated by La or Lc, respectively

134
directivity A; (in decibels)
the difference between the A-weigh

1.3.5
grazing angle @ (in degrees

centre

1.3.6

reference distan
the nominal horizeta
prescribed microphg

1.3.7

1.3.8

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 pPa

1.3.10

standardized wind speed Vs (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 ALy, (in decibels)

the difference between the tone level and the level of the masking noise in the critical band
around the tone
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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)
b directivity at "i th" position (dB)
AL tonality (dB)
f frequency of tone (Hz2)
fe centre frequency of critical band (Hz2)
V4 anemometer height (m)

Zref reference height for wind speed, 10 m (m)
H height of rotor centre (horizontal axis turbine) or height of rots

(m)
LA or LC (dB)
LAeq (dB)
LAeq,c

(dB)
LAeq,i

(dB)
Ln (dB)
Ly sound pressure level (dB)
Lpn (dB)
Lpn,avg (dB)
Lpt sound pressuredeve < (dB)
Ls (dB)
Ls+n equivalent cg

backgrgund (dB)

Lwa appar (dB)
p e (kPa)
Pm (W)
Pn (W)
R1 (m)
Ri

(m)
Ro (m)
t air temperature (°C)
Ua, Ug, Uc uncertainty components (dB)
V, wind speed at height, z (m/s)
Varet acoustic reference wind speed, 8 m/s (m/s)
Vs standardized wind speed (m/s)
Vds) roughness length (m)
Z0ref reference roughness length, 0,05 m (m)
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1.5 Abbreviations
1.5.1 FFT Fast Fourier transform

1.5.2 WTGS 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 WTGS. 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 relevar determining the

reduce the wind noise generated at the
ground types.

sound power level i
The directivity is$ v

additional positions g

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.
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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 is necessary, as discussed in annex A.

3.1.3 Equipment for the determination of narrow band spectra

The equipment shall fulfill the relevant requirements for IEC 60651 type entation 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 théxdiaphragm trophone in a
plane normal to the board and with the axis of the microphoné-pointing O he wind turbine, as
in figures 1 and 2. The board shall have a minimum widt ia Of 1X and be made from a
material that is acoustically hard, such as a piece of pl . ' [ rd with a thickness of
at least 12,0 mm, or a piece of metal with a thickness \of &t |¢ Af a rectangular board is
used, the microphone shall be placed 100, mmto 1 of symmetry.

The windscreen to be used with the grotxd- hone/shall consist of a primary and,
where necessary, a secondary windscreen=The windscreen shall consist of one half of an

The secondary windscrg S ) Ren it i hecessary to obtain an adequate signal-to-
noise ratio at low freque it 9

For example, it
450 mm in diameter

e of approximate hemispherical shape, at least
h a 13 mm to 25 mm layer of open cell foam with a

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.
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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. Instrumenis

3.3 Traceable calibration

The following equipment shall be chee
national or primary standards laborato
stated for each item of equipment:

alib ted with traceability to a
e frem|tHe last calibration shall be as

— acoustic calibrator: 12 months;
— microphone: 24 months;

damage.

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

4.1.1 Acoustic measurement positions

Four microphone positions are to be used. The four positions shall be laid out in a pattern around
the vertical centre-line of the WTGS tower as indicated in the plan view shown in figure 3. The
downwind measurement position 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 Ry 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 %.
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As shown in figure 4a, the reference distance Rg for horizontal axis turbines is given by:

RO:H+2 (1)

where
H is the vertical distance from the ground to the rotor centre; and
D is the diameter of the rotor.

As shown in figure 4b, the reference distance Rq for vertical axis wind turbines is given by :
Ro=H+D (2)

where

H is the vertical distance from the ground to the rotor equatorial plane)
D is the equatorial diameter.

above.

entre. The transducers shall be placed at a
otor centre. The allowable region in which the
be located is given in figure 5.

distance between
anemometer an

The angle B is giver

= —re (Bmax - ﬂ”nin) + Bmin (3)

where
V4 is the anemoweger height, see figure 6;

Zef 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 1S the maximum angle for B, Bmax = 90°;

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

During the course of the test, the test anemometer shall not be within the wake of any portion of
any other WTGS rotor or other structure. The wake of a WTGS shall be considered to extend 10
rotor diameters downwind of the WTGS. The wind speed and wind direction transducers shall be
placed so that they do not interfere with each other.
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