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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS -

Part 12: Wind turbine power performance testing

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object b is to promote
international co-operation on all questions concerning standardization in the elecgtfcal and &lectroxic fields. To
this end and in addition to other activities, the IEC publishes International &ta i eparation is
entrusted to technical committees; any IEC National Committee interested\in ith may
participate in this preparatory work. International, governmental and nop eqtaNorganjzatigns liaising
with the IEC also participate in this preparation. The IEC collaborates cloSgly witk g ¥ Organization
for Standardization (ISO) in accordance with conditions determi Q L een the two
organizations.

2) The formal decisions or agreements of the IEC on technicz A pearly as possible, an
international consensus of opinion on the relevant subjects mittee has representation
from all interested National Committees.

3) The documents produced have the form of recommend se and are published in the form
of standards, technical reports or guides al ommittees in that sense.

4) In order to promote international unificatior dertake to apply IEC International
Standards transparently to the maximum ional and regional standards. Any
divergence between the IEC Standard and/the correspording\pational or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marki \ af and cannot be rendered responsible for any
equipment declared to be i \mit i p

6) nts of this International Standard may be the subject

identifying any or all such patent rights.

International Stan;r been prepared by IEC technical committee 88: Wind

FDIS Report on voting

88/85/FDIS 88/89/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.

A bilingual version of this standard may be issued at a later date.

Annexes A and C form an integral part of this standard.

Annexes B, D and E are for information only.
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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 power performance by wind
turbine generator systems (WTGS). The standard has been prepared with the anticipation that
it would be applied by:

— the WTGS manufacturer striving to meet well-defined power 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, power
performance specifications are met for new or refurbished units;

new or modified installations.

This standard provides guidance in the measurement,
performance testing for wind turbine generator systems
those parties involved in the manufacture, installation
utilization, and regulation of WTGS. The technical

continuing development and operation of WTGS IS

1l olt In
and accurate communication relative QNN ern. This standard presents
measurement and reporting procedukes to provide aecurate results that can be

However, readers should be warned that ion procedure is quite new. As yet
there is no substantial evig ate results for all sites, especially sites
in complex terrain. Part okthe™\Q oced dyopr applying uncertainty calculations on the
measurements. In con ituations it js not adequate to state that results are

in standard deviation. A new measurement
developed in future.

accurate since uncerta
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WIND TURBINE GENERATOR SYSTEMS -

Part 12: Wind turbine power performance testing

1 General

1.1 Scope

This part of IEC 61400 specifies a procedure for measuring the performance

e testing of

power curve
e is determined

ifes the measured power curve
nted by an assessment of uncertainty

1.2 Normative reference

The following normativi eference in this text, constitute provisions of this
part of IEC 614(%? e ti ' i the editions indicated were valid. All normative
documents are s parties to agreements based on this part of IEC 61400
are encouraged tg stiga i ibility of applying the most recent editions of the
standards indicatéd embers) of IEC and ISO maintain registers of currently valid

Amendment 1 (1
Amendment 2 (199

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

ISO 2533:1975, Standard atmosphere

Guide to the expression of uncertainty in measurement, 1SO information publications, 1995,
110 p. ISBN 92-67-10188-9
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1.3 Definitions

For the purposes of this part of IEC 61400, the following definitions apply.

1.3.1

accuracy

closeness of the agreement between the result of a measurement and a true value of the
measurand

1.3.2
annual energy production
estimate of the total energy production of a WTGS during a one-year pe applying the

hub height,

assuming 100 % availability

1.3.3

availability

ratio of the total number of hours during a certain period, & i ber’of hours that
the WTGS could not be operated due to maintenance or fa ittra] g total number of

hours in the period, expressed as a percentage

1.3.4

complex terrain

terrain surrounding the test site that fe
obstacles that may cause flow distortion

S ican ons in topography and terrain

1.3.5
data set
collection of data that ed overna sontinuolx period

1.3.6
distance consta
indication of the resp

the instrument for 1\{O

ometer, defined as the length of air that must pass
e final value for a step input in wind speed

1.3.7

1.3.8
flow distortion

change in air flow caused by obstacles, topographical variations, or other wind turbines that
results in a deviation of the measured wind speed from the free stream wind speed and in a
significant uncertainty

1.3.9
free stream wind speed
speed of the undisturbed natural air flow, usually at hub height

1.3.10
hub height (wind turbines)
height of the center of the swept area of the wind turbine rotor above the terrain surface

NOTE - For a vertical axis wind turbine the hub height is the height of the equator plane.
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1.3.11

measured power curve

table and graph that represents the measured, corrected and normalized net power output of a
WTGS as a function of measured wind speed, measured under a well-defined measurement
procedure

1.3.12

measurement period

period during which a statistically significant database has been collected for the power
performance test

1.3.13
measurement sector

1.3.14
method of bins

intervals (bins)

NOTE - For each bin, the number of data sets or samples and thei
value within each bin is calculated.

1.3.15
net electric power output
measure of the WTGS electric power o

1.3.16

obstacles
stationary obstacles, suc
distortion

1.3.17

pitch angle

angle between the
radius) and the rq

1.3.18

1.3.19
power performance
measure of the capability of a WTGS to produce electric power and energy

1.3.20

rated power

guantity of power assigned, generally by a manufacturer, for a specified operating condition of
a component, device or equipment

NOTE — (Wind turbines) Maximum continuous electrical power output which a WTGS is designed to achieve under
normal operating conditions.

1.3.21
standard uncertainty
uncertainty of the result of a measurement expressed as a standard deviation
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1.3.22

swept area

area of the projection, upon a plane perpendicular to the wind velocity vector, of the circle
along which the rotor blade tips move during rotation

1.3.23
test site
location of the WTGS under test and its surroundings

1.3.24

uncertainty in measurement
parameter, associated with the result of a measurement, which characteriz
the values that could reasonably be attributed to the measurand

the dispersion of

1.4 Symbols and units

A swept area of the WTGS rotor ]
AEP annual energy production [kWh]
Biomin measured air pressure averaged over 10 mjn [Pa]
c sensitivity factor on a parameter (the partial di
Cp; power coefficient in bin i
D rotor diameter [m]
Dg equivalent rotor diameter [m]
D, 1g wind turbine [m]
f a wind speed interval
F(V) distribution function for wind speed
Iy [m]
oy [m]
L 3 g WTGS and the meteorology mast [m]
L distagce betwegn the WTGS or the meteorology mast and an obstacle  [m]
L, distance between the WTGS or the meteorology mast and

a neighbduring and operating wind turbine [m]
M number of uncertainty components in each bin
My number of category A uncertainty components
Mg number of category B uncertainty components
N number of bins
Ny, number of hours in one year = 8760 [h]
N, number of 10 min data sets in bin i
Ny number of pre-processed data sets within a 10 min period
Ng number of data samples of pre-processed data sets

P; normalized and averaged power output in bin i [KW]
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PlOmin

TlOmin

P10omin
Oy
Op i

O10min
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normalized power output [kW]
normalized power output of data set j in bin i
measured power averaged over 10 min [kW]
gas constant [3/(kgxK)]
uncertainty component of category A
measured absolute air temperature averaged over 10 min [K]

uncertainty component of category B

combined standard uncertainty in the estimated annual energy p an [kWh]
combined standard uncertainty of the power in bin i W]
wind speed /s]
annual average wind speed at hub height [m/s]
normalized and averaged wind speed in bip [m/s]
normalized wind speed [m/s]
[m/s]
[m/s]
[kg/m”]
[kg/m’]
[kW]

1.5 Abbreviations

WTGS

wind turbine generator system
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2 Test conditions

The specific test conditions related to the power performance measurement of the WTGS shall
be well defined and documented in the test report, as detailed in clause 6.

2.1 Wind turbine generator system

As detailed in clause 6, the WTGS shall be described and documented to identify uniquely the
specific machine configuration that is tested.

2.2 Test site

influence on the measured power performance of the WTGS. |
effects may cause the wind speed at the meteorological mast and\at

— topographical variation
— other wind turbines

— obstacles (buiing
The test site shall o[v

2.2.1 Distance ©

Care shall b
WTGS, sifs
located to

e meteorological mast. It shall not be located too close to the
ill be slowed down in front of the WTGS. Also, it shall not be
GS, since the correlation between wind speed and electric power

; ad. e meteorological mast shall be positioned at a distance from the
WTGS of between 2 aid 4 times the rotor diameter D of the WTGS. A distance of 2,5 times the
rotor diameter D is>yYecommended. The meteorological mast should be positioned within the
selected measurement sector. In the case of a vertical axis WTGS, D should be selected as
1,5 times the maximum horizontal rotor diameter.

Figure 1 shows the separation requirements between the meteorological mast and the WTGS.
It also shows the recommended separation distance of 2,5 times the rotor diameter of the
WTGS between the meteorological mast and the WTGS.
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Meteorology mast at 4 D

Distance of meteorology
mast to WTGS between
2Dand4 D;25Dis

25D
recommended

Wind

WTGS \\

. asurement sector:
Disturbed sector due

to wake of of WTGS
on meteorology
mast; sector angle
taken from annex A:
103° at2 D
93°at2,5D
74° at4 D

IEC 145/98

eteorological mast
nt sectors

s to distance.\o
Jlowe easure

The measurem 211 ¢
variations in top : bihes, as seen from both the WTGS under test and
the meteorological m

2.2.2 Measurement sector

shown in fig distances between the WTGS under test and the meteorological
mast, artd_fo e g wind turbines and obstacles, the directions to be excluded due to
wake effects ined using the procedure in annex A.

2.2.3 Correction factors and uncertainty due to flow distortion at the test site

If the test site meets the requirements defined in annex A, then no further site analysis is
required, and no flow distortion correction factors are necessary. The applied standard
uncertainty due to flow distortion of the test site shall be taken to be 2 % or greater of the
measured wind speed if the meteorological mast is positioned at a distance between 2 and
3 times the rotor diameter of the WTGS and 3 % or greater if the distance is 3 to 4 times the
rotor diameter.

If the test site does not meet the requirements defined in annex A, or a smaller uncertainty due
to flow distortion of the test site is required, then either an experimental test site calibration or
a test site analysis with a three-dimensional flow model, which is validated for the relevant type
of terrain, shall be undertaken.
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