INTERNATIONAL IEC
STANDARD 61400-12

First edition
1998-02

Wind turbine generator systems —

Part 12:
Wind turbine power performa

Aérogénérateurs —

Partie 12:
Techniques dexne

&

Reference number
IEC 61400-12:1998(E)



https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

Numbering

As from 1 January 1997 all IEC publications are issued with a designation in the 60000 series.

Consolidated publications
Consolidated versions of some IEC publications including amendments are available. For example, edition numbers

1.0, 1.1 and 1.2 refer, respectively, to the base publication, the base publication incorporating amendment 1 and the
base publication incorporating amendments 1 and 2.

Validity of this publication

The technical content of IEC publications is kept under constant review by the IEC, thus gnsun content
reflects|current technology.

Information relating to the date of the reconfirmation of the publication is available in

Information on the revision work, the issue of revised editions and amendments National

Committees and from the following IEC sources:
. EC Bulletin

. EC Yearbook
Dn-line access*

* Catalogue of IEC publications
Published yearly with regular updates
On-line access)*

Termimology, graphical and letter
symbals

For gengral terminology, readers ate referred to \EC 2 al Electrotechnical Vocabulary (IEV).
For graphical symbols, and let j i d by the IEC for general use, readers are referred to
publications IEC 60027: Let \J[MNelectrical technology, |IEC 60417: Graphical symbols fqr use on
equipment. Index, survey ang & ji and IEC 60617: Graphical symbols for diagrams

IEC py
techni

The att d by the

technic

* See



https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

INTERNATIONAL IEC
STANDARD 61400-12

First edition
1998-02

Wind turbine generator systems

Part 12:
Wind turbine power perfo

Aérogénérateurs —

Partie 12:
Techniques de

&

[l IEC 1998 Copyright - all rights reserved [0 Droits de reproduction rgservés

mances de puissance

No part of this publication may be reproduced or utilized in Aucune partie de cette publication ne peut étre reproduite ni

any form or by any means, electronic or mechanical, utilisée sous quelque forme que ce soit et par aucun
including photocopying and microfilm, without permission in procédé, électronique ou mécanique, y compris la photo-
writing from the publisher. copie et les microfilms, sans I'accord écrit de I'éditeur.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

Commission Electrotechnique Internationale PRICE CODE X
International Electrotechnical Commission
MemnyHaponHaﬂ SneKTpOTeXHW-IeCKaﬂ HKomuccusa

. For price, see current catalogue



https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

—2- 61400-12 © IEC:1998(E)

CONTENTS

FOREWORD ..ttt ettt ettt e e
INTRODUCGTION ..ot e e aa e

Clause

1

GBNBIAL e

4 Symbols and units
5 AbDreviations ... N N e N N M
PSt CONAItIONS ..o

1 Wind turbine generator system
2 Test site

N o o~ WN B

(D= Ytz Ny =2 YT o (0

Y B Fo Y = R od o ] g =T03 1 [0 o AP

1
1
1
1
1
T
2
2
T
3
3
3
3
3
3
3
M
4
4
4
4
4
4

6 Databhase

(D1 7= To B =TS UL
5.1 Data NOrmMaliZation ........oouiiiiiii e
5.2 Determination of measured POWET CUIMVE ........ccuiiiuiiiiii i
5.3 Annual energy production (AEP) ...
5.4 POWET COBTFICIBNT ..eeii e e

ReEPOItiNG fOrMaAL. ... o e

Tables

1
2

Example of presentation of a measured POWEr CUIVE.........ceeiiiiiiiiiiieieieeeeeee e

Example of presentation of estimated annual energy production................c..ccceevenen.

o N o o O

10
11
11
11
13
13
13
14
14
14
14
14
15
15
15
15
15
16
16
16
16
17
18
19
19

22
23


https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

61400-12 0 IEC:1998(E) —3-

Figures
1 Requirements as to distance of the meteorological mast and maximum allowed
MEASUIEMENT SECEOTS iuuiiii ittt ittt et et et et e e e et e et et e et e e e e e et e et e et e e an s eanaeenns
Presentation of example data: power performance test scatter plots..........................
3 Presentation of example measured POWET CUINVE......c.viuiieiniitiiieie e e eneeen
Annexes
A ABSESSMEM Of (SIS i
B  Clalibration of test Site ....ccuivviiiiii ek NG
C Epaluation of uncertainty in measurement ..............ccoeeveeevineennnnns
D Theoretical basis for determining the uncertainty of measureme
OF DINS oo
E  BIbliography.....cocoiiiiiii

&

Page

12
20
21

24
28
29

31
44


https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

—4- 61400-12 © IEC:1998(E)

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 standardizatiomcomprising
all pational electrotechnical committees (IEC National Committees). The object b iS\to gromote
intefnational co-operation on all questions concerning standardization in the elecgtfical and &lectronic figlds. To
this| end and in addition to other activities, the IEC publishes International &ta . i parption is
entjusted to technical committees; any IEC National Committee interested\in j th may
parficipate in this preparatory work. International, governmental and nop Rjzatie liaising
with the IEC also participate in this preparation. The IEC collaborates cloSgly witk hization
for | Standardization (ISO) in accordance with conditions determi he two
organizations.

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

3) The documents produced have the form of recommenda he form
of standards, technical reports or guides al 9 ‘ i ommittees in that sensq.

4) In grder to promote international unificatior dertake to apply IEC Interpational
Stapdards transparently to the maximum ional and regional standards. Any
divgrgence between the IEC Standard and/the corresporgding\pational or regional standard shall be| clearly
indifated in the latter.

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

6) Attqg nts of this International Standard may be the[subject
of p identifying any or all such patent rights.

Intern been prepared by IEC technical committee 88{ Wind

turbin

The tqg

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 require
and/or a possible declaration system;

the WTGS purchaser in specifying such performance requirements;

the . .

Standard provides guidance in the measurement,
ance testing for wind turbine generator systems
i i , installation
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WIND TURBINE GENERATOR SYSTEMS -

Part 12: Wind turbine power performance testing
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1.3 Definitions

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

13.1
accuracy

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

measurand

1.3.2

a.nnu’\: CTICTyy ’JIUdUUt;UII

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

assunping 100 % availability

1.3.3
availapility

hub height,

ratio ¢f the total number of hours during a certain period, & i ber’of houts that

the W[TGS could not be operated due to maintenance or fa
hours|in the period, expressed as a percentage

1.3.4
complex terrain

terrain surrounding the test site that fe
obstag¢les that may cause flow distortion

S ican ons in topography

1.3.5
data det
collection of data that ed overa spontinuolrg period

1.3.6
distance consta
indication of the resp

the instrument for {\to e final value for a step input in wind speed

1.3.7
extragola

g total number of

and ferrain

ometer, defined as the length of air that musf pass

extensgio gd power curve by estimating power output from the maximum

1.3.8
flow djstortion
change_in_aj

s 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

1.3.1
measyirement sector
a sec

1.3.14
methdd of bins
data feduction procedure that groups test data for a ceftain ar int i speed
intervals (bins)

NOTE + For each bin, the number of data sets or samples and thei ameter

value within each bin is calculated.

1.3.15§
net elgctric power output

measulre of the WTGS electric power o k

=

1.3.16
obstagles

statiopary obstacles, suc
distortion

1.3.17
pitch @angle

d flow

angle [between the ¢ blade
radiug
1.3.18
powert
ratio d n wind

overt

1.3.19
powel pefformance

£ 41 lalid £ \ALT OO 4 ol L et ol
measureorthe capantty-ora vw oS toptroatce— erecirrcpowetr—ant—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

paranfeter, associated with the result of a measurement, which characteriz
the vdlues that could reasonably be attributed to the measurand

1.4 [Symbols and units

swept area of the WTGS rotor
annual energy production

measured air pressure averaged over 10 mjn

sensitivity factor on a parameter (the partial di
power coefficient in bin i
rotor diameter
equivalent rotor diameter
19 wind turbine

a wind speed interval

distribution function for wind speed

distagce betwegn the WTGS or the meteorology mast and an obstacle

distance between the WTGS or the meteorology mast and
a neighbduring and operating wind turbine

number of uncertaintvy.compaonents in each hin
J T

the dispergion of

[kwh]

[Pa]

[m]
(m]
[m]

[m]
[m]
[m]

[m]

(m]

number of category A uncertainty components

number of category B uncertainty components

number of bins

number of hours in one year = 8760

number of 10 min data sets in bin i

number of pre-processed data sets within a 10 min period
number of data samples of pre-processed data sets

normalized and averaged power output in bin i

(h]

(kW]
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P, normalized power output [kW]
P, normalized power output of data set j in bin i

P1omin measured power averaged over 10 min [kW]
R gas constant [3/(kgxK)]
s uncertainty component of category A

T10min measured absolute air temperature averaged over 10 min [K]

u uncertainty component of categary B

Upgp combined standard uncertainty in the estimated annual energy p an~tkKWh]
Ug i combined standard uncertainty of the power in bin i W

%4 wind speed IE|
Vave annual average wind speed at hub height [m/sg]]
Vi normalized and averaged wind speed in bip [m/

v, normalized wind speed [m/
Vn’i’j [m/
Viomi [m/s]]
Xic

X10mi

p

Po [kglrl
P1omin [ka/ 3]
Ok

Op,i [kW
T10mir

1.5 [Abbteviations

WTGS WITTG tuTDiTTe 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 est site

At thd test site a meteorological mast shall be set up in the neighboyrhigod_of the’hWT|GS to
determine the speed of the wind that drives the wind turbine. The tesirsite ma signfificant
influemce on the measured power performance of the WTGS. | W disfortion
effect may cause the wind speed at the meteorological mast and\at Jifferent,
though correlated.

The tgst site shall be assessed for sources of wind flow

— chpose the position of the meteorological mast;

— deffine a suitable measurement sector;

— estimate appropriate flow distortio

— evpluate the uncertainty due to wind f

The f@llowing factors shall be considere

— topographical variation

— other wind turbines

— obstacles (buiing

The tgst site shall 4o

22.1

Care shall b 1 e meteorological mast. It shall not be located too close|to the
WTGS$, si i ill be slowed down in front of the WTGS. Also, it shall pot be
located to GS, since the correlation between wind speed and electric jpower
output will be ad. e meteorological mast shall be positioned at a distance frojm the
WTG$ of between 2 aid 4 times the rotor diameter D of the WTGS. A distance of 2,5 times the
rotor giameter D is>yecommended. The meteorological mast should be positioned within the
selected meéasurement sector. In the case of a vertical axis WTGS, D should be selecfed 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
D

AN

i 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

s to @distancexo
lowe gasure

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

2.2.2 | Measurement sector

The djsturbed, sec K ded due to the meteorological mast being in the wake |of the
WTG$ undef tes gridistanses of 2, 2,5 and 4 times the rotor diameter of the WTGS as
showr} in figure 1. distances between the WTGS under test and the meteorological
mast, |artd_fo 3 g wind turbines and obstacles, the directions to be excluded flue to

wake pffects ined using the procedure in annex A.

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

If theltest 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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If an experimental test site calibration is undertaken, it is recommended that the procedure in
annex B be used. The measured flow distortion correction factors for each sector should be
used. The standard uncertainty assigned to the site correction shall be no less than one-third of
the maximum correction found within the entire measurement sector and the 60° sector centred
on the predominant test wind direction.

If a theoretical assessment of the correction factors for the test site is undertaken, using a valid
three-dimensional flow model, then sectors less than or equal to 30° should be used. The
standard uncertainty assigned to the site correction shall be no less than half of the maximum
correction found within the entire measurement sector and the 60° sector centred on the
predominant test wind direction.

Althoygh the site calibration procedure (annex B) can be used for igation-'pf the
performance characteristics of individual wind turbines within a wip i it is
important to evaluate the consistency of the results in very complex tefxai

3 Test equipment

3.1 [Electric power

The njet electric power of the WTGS shall be meagured wsing Hevice
(e.g. 1 f hase.
The dlass of the current transformer \ guirements of IEC 60044-1 and the
class pf the voltage transformers, if used j . ey are
all reg

The accuracy of the po et the
requirements of IEC 0 be class 0,5 or better. If the [power

measlrement device ig the accuracy should be equivalent td class
0,5 pgwer transdygersi The opexating range ef the power measurement device shall be|set to
measure all po ativeNinstantangbus power peaks generated by the WTGS| As a
guide/ the full-scate’ra S y casurement device should be set to —50 % to P00 %
of the pe periodically reviewed during the test to ensufte that

the ra rement device have not been exceeded. The |power
measlyirement g alltbeNpountéd at the network connection point to ensure that only the
net agti \ v delivered to the electrical power network, is measured.

3.2

Wind speed measurements shall be made with a cup anemometer that is properly installed at
hub height-an a meteorological mast, at a point that represents the free stream wind flow that
drives|the WTGS.

The wind speed shall be measured with a cup anemometer that has a distance constant of less
than 5 m and maintains its calibration over the duration of the measurement period. Calibration
of the anemometer shall have been undertaken before and after the completion of the power
performance test to a traceable standard. The second calibration can be replaced by an in situ
comparison against another calibrated reference anemometer, mounted at a distance of 1,5 m
to 2 m from the hub height anemometer, during the measurement period. During calibration,
the anemometer should be mounted on a configuration similar to the one to be used during the
power performance test. The measurement uncertainty of the anemometer shall be stated.

The anemometer shall be mounted within 2,5 % of hub height, preferably on the top of a
vertical circular tube standing clear of the top of the meteorological mast. As an alternative, the
anemometer may be mounted on a boom clamped to the side of the mast and pointing in the
predominant wind direction.
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Care shall be taken to minimize flow disturbance experienced in the vicinity of the anemometer.
To reduce flow effects, the anemometer shall be mounted so that its vertical separation from
any mounting boom is at least 7 times the boom diameter and its horizontal separation from the
mast at the anemometer height is at least 7 times the maximum mast diameter; the mast being
of a tube, cone, or lattice type. No other instrument shall be mounted so that the flow, incident

upon the anemometer, could be disturbed.

Any corrections, which are applied to the indicated wind speed to take account of factors such
as flow distortion due to the site, shall be reported clearly. The uncertainty in the correction
shall also be assessed and reported, and typically shall be no less than half the difference

between the corrected and uncorrected value.

3.3 Wind direction

Wind [direction measurements shall be made with a wind vane
metedrological mast within 10 % of the hub height. Proper attetio
positigning of the wind vane to avoid wind flow distortion betwg

vane. [The absolute accuracy of the wind direction measurementshotld\be

3.4 [Air density

Air densi i j re and air pressure
equat . i iti elative humidity

corredt for it.

The ajr temperature sensor shall be mouynted_at above ground level. It sho
mounied on the meteorological mast clo p gkt to give a good representation

air temperature at the WTGS rotor centre.

The ajr pressure sensor s teorological mast close to hub he
give g good representati S ’ sstre at the WTGS rotor centre. If the air prg
sensof is not mounted S o\height, air pressure measurements shall be cor

to the

hub heigh@o

3.5 [Precipitation

To dis

during and documented in the test report.

3.6 9 8 je or system status

At lea|

dry and wet periods, precipitation should be mo

3 that indicates the operational status of the WTGS shall be mon
The status-informatien shall be used in the process of determining WTGS availability.

n the
o the
nd the

using
and to

ild be
of the

ght to
pssure
rected

itored

tored.

3 7 ot Ao ot VLG
. g ot uTSTtroTT oYy O

A digital data acquisition system having a sampling rate per channel of at least 0,5 Hz shall be

used to collect measurements and store pre-processed data.

End-to-end calibration of the installed data acquisition system shall be performed for each
signal. As a guideline, the uncertainty of the data acquisition system should be negligible

compared with the uncertainty of the sensors.
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4 Measurement procedure

4.1 Introduction

The objective of the measurement procedure is to collect data that meet a set of clearly
defined criteria to ensure that the data are of sufficient quantity and quality to determine the
power performance characteristics of the WTGS accurately. The measurement procedure shall
be documented, as detailed in clause 6, so that every procedural step and test condition can be
reviewed and, if necessary, repeated.

ACCUr V—Or—tre— e asttermerts—Sn a DEe—EXPTrEeSSet A eSS A a FEetta ty, as
described in annex C. During the measurement period, data should be ally checked to
ensurg high quality and repeatability of the test results. Test logs naintained to

ent all important events during the power performance test.

4.2 Wind turbine generator system operation

During the measurement period, the WTGS shall be in noraial operatio 5 in the
WTG$ operations manual, and the machine configuration shn be changed. All data
collected while the WTGS is unavailable shall be discarded:

4.3 pData collection
Data shall be collected continuously &t 3 ,Q{z ot faster. Air temperatyre, air
presslire and precipitation, and WTGS™s ) q at a slower rate, but at least

once per minute.

The data acquisition syste ‘ pled” data or pre-processed data spts as
descriped below, or both.<] ¢ date 2 shall comprise the following information
on thg sampled data:

— me¢an value;
— stqndard dewviatiom;
—  maximum value;

—  minimum valug.

The total duratio $ shall
be 10|mip~di am \ Q f less
than 10<mi i data sets shall not be separated by a time delay. Data shall be

collected unti

4.4 PpPataselection

Selected-data sets shall he based on 10 min periods derived from contiguous measured data.
The mean and standard deviation values for each 10 min period shall, when derived from pre-
processed data sets, be calculated according to the following equations:

1
X10min = N ¥ Mk X (1)

O10min = \/NkN;s_l T2k (N (X1omin=Xk)? + of(Ns—1)) (2)
where

N, is the number of pre-processed data sets within a 10 min period,;

X, Is the parameter averaged over pre-processing time period,

Xiomin Is the parameter averaged over 10 min;
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NS
0y is the standard deviation of pre-processed parameter,

is the number of data samples of pre-processed data sets;

O10min 1S the standard deviation of pre-processed parameter averaged over 10 min.

Data sets shall be excluded from the database under the following circumstances:

— WTGS unavailable;
— failure of test equipment;
— wind directions outside the measurement sector.

Data pets collected under special operational conditions (e.g. high blade ghness, dlue to

dust, palt, insects, ice) or atmospheric conditions (e.g. precipitation, wi ear)-that|occur

durind the measurement period may be selected as a special datab g’ selection

criterip shall be stated in the measurement report.

4.5 Pata correction

Selec ure if

meas ied to

meas mple,

anem

4.6

After hod of

bins” ending

from 1 TGS.

Altern ped at

which . The

wind { les of

0,5m

The d

- e

- th NTGS
avpi

The d

5 Derived-resul

51 Jta TToTTTatization

The selected data sets shall be normalized to two reference air densities. One shall be the
average of the measured air density data at the test site rounded to the nearest 0,05 kg/m3.
The other shall be the sea level air density, referring to ISO standard atmosphere
(1,225 kg/m3). No air density normalization to actual average air density is needed when the
actual average air density is within 1,225 + 0,05 kg/m®. The air density is determined from
measured air temperature and air pressure according to the equation:

BlOmin (3)

P1omin = RD—lOmin
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where

Piomin IS the derived air density averaged over 10 min;

Tiomin is the measured absolute air temperature averaged over 10 min;

Biomin is the measured air pressure averaged over 10 min;

R is the gas constant 287,05 J/(kg x K).

For a stall-regulated WTGS with constant pitch and constant

rotational speed,

normalization shall be applied to the measured power output according to the equation:

p =P o Po

data

(4)

), .
) TOmm

P1omin

where]
P, is the normalized power output;

Piomid 1S the measured power averaged over 10 min;
Po is the reference air density;

P1omid IS the measured air density averaged over 10 min.

For a
accorgling to the equation:

where|
V, is
Viomi
po is
P1omin
5.2
The n

data 4
speed

ed to the wind

speed

(5)

alized
i wind

(6)

where

V; is the normalized and averaged wind speed in bin i;
Vh,ij Isthe normalized wind speed of data set j in bin i;
P

Pn’i’j is the normalized power output of data set j in bin i;

. is the normalized and averaged power output in bin i;

N; is the number of 10 min data sets in bin i.

The measured power curve shall be presented as detailed in clause 6.

(7)
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5.3 Annual energy production ( AEP)

The AEP is estimated by applying the measured power curve to different reference wind speed
frequency distributions. A Rayleigh distribution, which is identical to a Weibull distribution with
a shape factor of 2, shall be used as the reference wind speed frequency distribution. AEP
calculations shall be made for annual average wind speeds of 4, 5, 6, 7, 8, 9, 10 and 11 m/s
according to the equation:

P =, S A )AL ®

where

AEP |s the annual energy production;

Ny, is the number of hours in one year = 8760,

N is the number of bins;

V; is the normalized and averaged wind speed Vin bin i;

P; is the normalized and averaged power output in bin i.

and )
where

F(V)

Vave

VvV is

The s

The A 3 “AEP-
extraf ve does not include data up to cut-out wind speqd, the
power the maximum measured wind speed up to cut-out wind
speed.

AEP-I| all be ohltained from the measured power curve by assuming zero power for
all win S aboXe and below the range of the measured power curve.

AEP-gxtrapolated | be obtained from the measured power curve by assuming zero [power
for allf wind“speeds below the lowest wind speed in the measured power curve and cojpstant
power for’wind between the highest wind speed in the measured power curve and the dqut-out

wind speed. The constant power used for the extrapolated AEP shall be the power value from
the bin at the highest wind speed in the measured power curve.

AEP-measured and AEP-extrapolated shall be presented in the test report, as detailed in
clause 6. For all AEP calculations, the availability of the WTGS shall be set to 100 %. For given
annual average wind speeds, estimations of AEP-measured shall be labelled as "incomplete"
when calculations show that the AEP-measured is less than 95 % of the AEP-extrapolated.

Estimations of measurement uncertainty in terms of standard uncertainty of the AEP according
to annex C, shall be reported for the AEP-measured for all given annual average wind speeds.
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The uncertainties in AEP, described above, only deal with uncertainties originating from the
power performance test and do not take into account uncertainties due to other important
factors. Practical AEP forecasting should account for additional uncertainties, including those
concerning: local wind distribution, local air density, high atmospheric turbulence, severe wind
shear, variations in the WTGS performance within a wind power station, availability of the
WTGS and WTGS performance variations due to blade roughness effects.

5.4

Power coefficient

The power coefficient, Cp, of the WTGS may be added to the test results and presented as
detailed in clause 6. Cp shall be determined from the measured power curve according to the

followjrmgequatior:

Cpi |s the power coefficient in bin i;

V; is the normalized and averaged wind speed in bin j
P; is the normalized and averaged power output in b
A is the swept area of the WTGS roto

Po is the reference air density.

6 ReEporting format

The tgst report shall contai { iNngN 0

Cpj =T (10)
5 PoAY;

description of WTG which
in¢ludes, as i

¢ make, type, sér

e | verified rotg

* | rotor speed

« | rated powe

o | blatke dataz.m h, and

¢ | hub heighit and
description of tesy/Site (see 2.2): the description of the test site shall include photogra\E/hs of

tower type;

allf measurement sectors preferably taken from the WTGS at hub height. A test site map
shpwing the surrounding area covering a radial distance of at least 20 times the WTGS
rotor diameter and indicating the topography, location of the WTGS, meteorological mast,
significant obstacles, other wind turbines, and measurement sector;

description of grid conditions at the test site, i.e. voltage, frequency and their tolerances;

description of test equipment (see clause 3): identification of the sensors and data
acquisition system, including documentation of calibrations for the sensors, transmission
lines, and data acquisition system;

description of measurement procedure (see clause 4): documentation of the procedural
steps, test conditions, sampling rate, averaging time, measurement period, and test log
book that records all important events during the power performance test;

presentation of data (see 4.3 to 4.6): the data shall be presented in both tabular and
graphical formats, providing statistics of measured power output as a function of wind
speed and of important meteorological parameters. Scatter plots of mean, standard
deviation, maximum, and minimum power output as function of wind speed and scatter
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plots of mean wind speed and turbulence intensity as function of wind direction for each
selected data set shall be presented. Examples of scatter plots of power output for power
performance test data are shown in figure 2.

Special databases consisting of data collected under special operational or atmospheric
conditions should also be presented as described above;

presentation of measured power curve for both reference air densities (see 5.1 and 5.2):
tabular and graphical representations of the measured power curve shall be provided. The
reference air density shall be stated in the graph and in the table. For each bin, the table
shall include normalized and averaged wind speed, normalized and averaged power output,
number of data sets, and standard uncertainties of category A, category B and combined
(determined according to annex C). A graphical plot shall present the same data of wind
spEed, power outpui and combined uncertainty as In the table. An example of a megsured
power curve is provided in table 1 and a graphical plot of the power (curveNis pravifled in
figure 3.

Special power curves consisting of data collected under special gperations spheric
conditions should also be presented as described above;

presentation of estimated AEP (see 5.3): a tabular presé ated AEP
cajculated from both the measured and the extrapolated pe providefl. The

tal nnual
av §sured
(de ¢ \ belled
"in ed is less than 95 % of
Ak

pre
po
un
devi
dojcumented in the test

1500/ I
ues | $
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s shall be provided;

of this standard shall be ¢learly
e technical rationale for each deviation.
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Figure 2 — Presentation of example data: power performance test scatter plots
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Table 1 — Example of presentation of a measured power curve

Measured power curve

Reference air density 1,225 kg/m 2

Category A
uncertainty

Category B
uncertainty

Combined
uncertainty

Bin No. i Hub height Power No. of data Standard Standard Standard
wind speed output sets N, uncertainty uncertainty uncertainty
Vi P, 10 min S; u; ug;
average

m/s kw kw kw kw

1 1,59 -0,85 8 0,00 6,31 6,31
2 2,02 -0,74 15 0,08 6,30
3 2,51 -0,81 18 0,05 6,380
4 3,04 -0,50 22 0,09 6,30
5 3,53 -0,67 27 6,30
6 4,04 0,16 41 g
7 4,55 7,32 55 ,28
8 4,99 25,90 61 12,51
9 5,54 61,43 54 18,50
10 6,00 93,16 95 20,19
11 6,47 129,78 90 23,78
12 6,97 174,46 8 27,44
13 7,53 231,77 68 33,23
14 8,02 283,63 L 34,67
15 8,52 339,55 39,35
16 9,00 387,22 9 35,54
17 9,51 % 42,98
18 9,9 W 46,3(
19 47,80
20 74 44,89
21 78 53,13
22 85 43,24
23 60 41,64
24 102 41,55
25 88 32,01
2 79 38,08
27 85 43,17
28 61 21,62
29 28 22,25
30 27 24 87
31 33 22,26
32 14 16,16
33 12 15,67
34 23 20,16
35 23 14,37
36 13 16,05
37 5 37,40
38 7 31,49
39 8 56,16
40 5 33,47
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Table 2 — Example of presentation of estimated annual energy production

Estimated annual energy production

Reference air density: 1,225 kg/m

3

Cut-out wind speed: 25 m/s

(extrapolation by constant power from last bin)

Hub height AEP-measured Uncertainty of measured AEP-extrapolated
annual average (measured power curve) power curve in terms of (extrapolated power curve)
wind speed standard deviation of AEP
(Rayleigh)
mls M\A K I\/I\I\Ih, 04, M\A K
4 412 111 27 % /\(
5 911 154 17 %
6 1536 191
7 2 207 219
8 2 847 236
9 3 395 245
10 3812
11 4 092 incomplete

245(}

9,

o3
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Annex A
(normative)

Assessment of test site

The test site shall be assessed to determine whether it can meet the requirements in this
annex.

A.1 Requirements regarding topographic variations

The te¢rrain at the test site shall, up to a certain distance from the
variations from a plane which passes both through the base of the
terrain within the sectors specified in table A.1. The slope of the
terrain from the plane shall comply with the requirements provided ™
figure|A.1, where L is the distance between the WTGS and
the rofor diameter of the WTGS. In the case of a vertical axi
the maximum horizontal rotor diameter.

Table A.1 — Test site requirement ographical wariations

Distance Secto Max: unMo e Maximum tefrain
% variation from plane
<2L 360° 3* <0,08 O

<
>2Land <4 L measuremen\sect‘o\r\ \\/ <5* <0,15 O
22 Land <4 L ou}s% measie ent\) <10** Not applicgble
N seaor

>4 [ and <8 L L \/hg\as\urekagwctﬁ\ <10* <0,25 O

*  The maximum @ft e plan&, whish.pr id}s,r{e best fit to the sectoral terrain and passes throughl the tower
bage.
**  The line of steep;s’t\ pe that cagnects theMower base to individual terrain points within the sector.

Measurement sector
8L
> 2|L and<4 L 4L
sloge’< 5%
variations <0,

<2 L: meteqgrology mast at distance L
slope <3 %

variations < 0,08 D
>2Land<4L

slope < 10 %
WTGS IEC 148/98

Figure A.1 — Requirements to topographical variations, top view
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A.2 Requirements regarding neighbouring and operating wind turbines

The WTGS under test and the meteorological mast shall not be influenced by neighbouring and
operating wind turbines. The minimum distance from the WTGS under test and the
meteorological mast to neighbouring and operating wind turbines shall be two rotor diameters
D, of the neighbouring wind turbine. The sectors to exclude due to wakes from neighbouring
and operating wind turbines shall be taken from figure A.2. The dimensions to be taken into
account are the actual distance L, and the rotor diameter Dy of the neighbouring and operating
wind turbine. The sectors to exclude shall be derived for both the WTGS under test and the
meteorological mast, and they shall be centred on the direction from the neighbouring and
operating wind turbine to the meteorological mast or the WTGS. An example is shown in
figure[A 3. Stopped wind turbines snhall be regarded as obstacles.

A.3 Requirements regarding obstacles

No significant obstacles (e.g. buildings, trees, parked wind turhine n the

measlyirement sector within a reasonable distance from the ggical| mast.

Only gmall buildings, connected to the WTGS or the measuye Hme & acceptable.

Obstacles smaller than the allowable terrain variations, as_defined & neglected.

The sectors to exclude due to wakes of significant obstasles<shalk from figurg A.2.

The dimensions to be taken into account are the agtual dis d an equivalent rotor

diameter D, of the obstacle. The equivalent rotor diamet g shall be definefl as:
(A.D)

where

D, is the equivalent rotor dia

I, is the height of obstacls

I, is [he width of obstacte.

The spctors to e@ g 3 y pOth the WTGS under test and the meteorological

mast. (They shall o] tion from the obstacle to the meteorological mast or

the difection from GS. An example is shown in figure A.3. For stopped
wind furbines, . ¢ total height, and /, to the largest of either the|tower
diamefter close~to ; € largest blade chord.



https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

Disturbed sector a (°)

— 26 - 61400-12 © IEC:1998(E)

120 mkereerereensd .............. SR— .............. .. .............. freeeennsneees -

100

80

EC 149/98

L
=)



https://iecnorm.com/api/?name=ea925ccbafcb2e6dc59c3e62c31f5b7c

61400-12 [0 IEC:1998(E) -27-
North Neighbouring North Neighbouring
and operating and operating a1°
wind turbine wind turbine
81°
meteorology Meteorology
mast mast o
L/D, =34 121
disturbed sector = 80°
wics | |
under test Significant WTGS Significant
D obetacla e obstacla
L uriucr T ot U
2455 . LD, =25
o disturbed sector = 93°
North North .
Neighbouring 25,5° ar_ld erating
and operating 56° nd tupbine
wind turbine
86,5°
Meteorology
mast
g
L/D, =60 L/D, =72
disturbed sector = 61° disturbed sector = §6°
] "
Lo Significant
wic e
unde S [,=2/3D 143°
undertest I, =1/3D
D, =49 D
d)
—/
North
270° 90°
Significant
WT( obstacle
undg
L, =213D
L =13D
D415
e) f)
IEC 150197

The figures show the sectors to exclude when:

a)
b)
c)
d)
e)

f)

the meteorological mast is in the wake of the WTGS under test;

the meteorological mast is in the wake of the neighbouring and operating wind turbine;
the WTGS is in the wake of the neighbouring and operating wind turbine;

the meteorological mast is in the wake of the significant obstacle;

the WTGS is in the wake of the significant obstacle;

all of the above effects a) to e) are combined.

Figure A.3 — An example of sectors to exclude due to wakes of the WTGS under test,
a neighbouring and operating wind turbine and a significant obstacle
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Annex B
(informative)

Calibration of test site

The aim of an experimental calibration of the test site is to determine the flow distortion
correction factors due to the test site topography. Calibration of a test site should be performed
by collecting wind speed and wind direction data at hub height on a temporary meteorological

mast
meted

The n
clauss
shoulg

to 10

For th

the m

The
should
descri
applyi
requir

erected at the foundation where the WTGS to be tested will be erected and
rological mast that will be used for the power performance test.

ncertainties connected to the
| be derived from the measurg

bed in annex C should be applied. e eg uncertainty should be used
hg the flow distortion gorrection facto th rtainty should not be stated les
ed in 2.2.3.

9,

At the

nts of
ection
width.
5 m/s
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Annex C
(normative)

Evaluation of uncertainty in measurement

This annex addresses the requirements for the determination of uncertainty in measurement.
The theoretical basis for determining the uncertainty using the method of bins, with a worked

example of estimating uncertainties, can be found in annex D.

The measured power curve shall be supplemented with an estimate of of the
measlyirement. The estimate shall be based on the ISO information p to the
expression of uncertainty in measurement”.
Following the ISO guide, there are two types of uncertainties{ categoy. ithde of
which[can be deduced from measurements, and categor [ other
means. In both categories, uncertainties are expressed as noted
standard uncertainties.
The measurands
The measurands are the power curve, fed and normalized bin yalues
of eldctric power and wind speed (see 5.1 3 the estimated annual ¢nergy
produgtion (see 5.3). Uncertainties in the measyrg are converted to uncertainty [in the
measlirand by means of sensitivity factors. %
Uncertainty components

in the

Table| C.1 provides a Qf ainty parameters that shall be included
uncerfainty anal
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Table C.1 — List of uncertainty components

61400-12 © IEC:1998(E)

Measured Uncertainty component Uncertainty
parameter category
Electric power Current transformers B
Voltage transformers B
Power transducer or power measurement device B
Data acquisition system (see below) B
Variability of electric power A
WHReE-speed ARefrefetercatbration B
Operational characteristics B

Mounting effects
Data acquisition system (see below)

Flow distortion due to terrain

Air temperature

Temperature sensor
Radiation shielding
Mounting effects

Data acquisition system (see b Iowﬁ

<

Air pressure

Pressure senso

Mounting eff

Data acquisition giSNv)

Data acquisition
system

T 0 W T W W T @

Signal transmigsion v
stem accura Q
\'iign onditiom
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Annex D
(informative)

Theoretical basis for determining the uncertainty of measurement

using the method of bins

In its most general form the combined standard uncertainty of the power in bin i, u.; can be
exprercpd hy'

where|
Cyils
Uy iis
M is
Pi,1i,j

The u
param

The c
most

F(V)
N is
Ny, is

Itis s

2 _ M M .
Ugi = 2k=1 21=1 Ski Ui Cii Ui Prlij

the sensitivity factor of component k in bin i;
the standard uncertainty of component k in bin i;
the number of uncertainty components in each pin;

the numbe of haurs in one year = 8760.

eldom possible to deduce explicitly all the values of the correlation coefficients py |

(D.1)

rtainty

\sured

(D.2)

ini;

i and

norm

1 H A H [ H H
My Sstgfriimeal It Dllllpllllbatlullb alrc ricicoosdly.

To allow the above expressions of combined uncertainties to be simplified to a practical level,

the fol

lowing assumptions may be made:

— uncertainty components are either fully correlated (p =1, implying linear summation to
obtain the combined standard uncertainty) or independent (p =0, implying quadratic
summation, i.e. the combined standard uncertainty is the square root of summed squares

of

the uncertainty components);

— all uncertainty components (they are of either category A or B) are independent of each
other (either they are from the same bin or they are from different bins), except category B
uncertainty components, which are fully correlated with category B components of the same

ori

gin (e.g. uncertainty in power transducer) in different bins.
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Using these assumptions, the combined uncertainty of the power within a bin, ug;, can be
expressed by:

2 M 2 2 M 2 2 _
UGi = 2kA Cki Skit 2k CkiUki =S + U (D-3)
where
M, is the number of category A uncertainty components;
Mg is the number of category B uncertainty components;
Sk i is the category A standard uncertainty of component k in bin i;

s; are the combined category A uncertainties in bin I;

u; are the combined category B uncertainties in bin i.

It should be noted that u ;? is not independent of bin size due to th bn the
number of data sets in the bin (see equation D.10).
The agsumptions imply that the combined standard uncertag M & G b, 1S:
2 a2 SN 2 M 2 2

Uzep = Ni 2iz1 7 2k ok Ski + 2i=1fi ki Yk,i (D.4)
The gignificance of the second terri i k ati i N&ach individual catedory B
uncerfainty component progresses through te_th ing/AEP uncertainty, applyipg the
assumption of full correlation across bips the Ndivi ponents. Finally, the cross-bin
combined uncertainty components are & t Y into a resulting AEP uncertainty.

In practice, it may not bé
bins pefore they arepni
uncer
s; and

B uncertainty components acrogs the
ied. An) “approximation, allowing the categpry B
inTbins before they are combined across birls (i.e.

A N M, 2 2 \2 _
Cui Slf,i + er] (=1 fi\/m) B (D.5)

The | Me\by~thig expression is always equal to or larger than that obtained| using
equat

Expanded‘uncertainty

The combined standard uncertainties of the power curve and the AEP may additionally be
expressed by expanded uncertainties. Referring to the ISO guide and assuming normal
distributions, intervals having levels of confidence shown in table D.1 can be found by
multiplying the standard uncertainties by a coverage factor also shown in the table.
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Table D.1 — Expanded uncertainties

Level of confidence Coverage factor
%
68,27 1
90 1,645
95 1,960
95,45 2
99 2,576
00,7’2 3

Exam

The fq
bin of
uncer

The e
of thg
comp
uncer

where
and in
expre

Dle

llowing example goes through an estimate of the category

2 2 2
il i+ chilg,

[ [ [

b SRt BBy * By + By + By By * oyt

where|

measwement parameter and flow distortion due to terrain is included in the uncertainty o

speed

uncettainties due to the data acquisition system are part of the uncertainty of

r each
lly the

nation
rtainty
ory B

(D.6)

mbols

an be

(D.7)

(D.8)

each

. The uncertainty related to climatic variations, s,,, is evaluated separately.

f wind

The example only considers the uncertainty components, which shall be included in the
uncertainty analysis according to table C.1. The measured power curve, shown in figures 2 and
3 and table 1, is used in the example. The power curve (for lack of pre-processed data sets) is
extrapolated with a constant power, which is the power in the last bin, to the stop wind speed of
25 m/s. The results of the uncertainty analysis in the example are also shown in figure 3 and
table 1. All sensitivity factors are listed in table D.3, and category B uncertainties are listed in
table D.4.

Cateqg

ory A uncertainties

The only category A uncertainty that needs to be considered is the uncertainty of the measured
and normalized electric power data in each bin.
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Category A uncertainty in electric power

The standard deviation of the distribution of normalized power data in each bin is calculated by
the equation:

1

Opi = \/N——l Zf\ﬁl(Pi‘Pn,i,i)z (D-9)

where

Op; is the standard deviation of the normalized power data in bin i;

N, is the number of 10 min data sets in bin i;
P; is the normalized and averaged power output in bin i;
Ppn,ij s the normalized power output of data set j in bin i.

@%
o
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Table D.2 — List of category B and A uncertainties

Category B: Instruments Note Standard Uncertainty Sensitivity

Power output Upi cpi=1
Current transformers * a IEC 60044-1 Upy i
Voltage transformers * a IEC 60186 Upy,i
Power transducer or * a IEC 60688 Upg i
Power measurement device * c Upy,i
Wind speed Uy P - Pi_;
Anemlometer * b Uy '
Operational characteristics * cd Uy
Mounting effects * ¢ Uys i
Air dgnsity
Temperature 88,15 K
Temperature sensor * a P
Radidtion shielding * cd 1013 hPa
Mounting effects *
Air pressure IS@ 53
Presdqure sensor * i
Mounting effects *
Data pcquisition system \ Ug i Sensitivity factor is

. o derived from actug|
Signdl transmission * b Q Ugq i uncertainty paramgter
Systgm accuracy * cd Ugp i
Signgl conditioning “ Ugs i
Catedory B: Terrai< B 2 < /
Flow Histortion due to tgﬁ%\ ¥ ,\\Qc) Uyg,i Ccy,i (see above)
Catedory B: Method\/\ >
Meth Uni
Air dd cd Umy,i crjand cgj
Meth c Uma.i (see above)
Catedory A: Statisw
Electficower * e Sp,i cpi=1
Climaticvartatiomns € Sw =

* parameter required for the uncertainty analysis

NOTE - Identification of uncertainties:
a = reference to standard
b = calibration

¢ = other "objective" method
d = "guestimate"
e = statistics
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The standard uncertainty of the normalized and averaged power in the bin is estimated by the

equation:
opi
S = spj = —/— (D.10)
| Al \/ﬁl
where
Spis the category A standard uncertainty of power in bin i;
Op; is the standard deviation of the normalized power data in bin i;
N; is fhe number of 10 min data sets in bin 1.
Categpry A uncertainties in climatic variations
The ppwer performance test may have been carried out under jitions
that dffect the test result systematically, such as very stablé d low
turbulence) or unstable (little shear and high turbulence) atr pguent
and/or large changes in wind direction. The order of masg an be
tested by: a) subdividing the data record into segme small
(statigtical) uncertainty on power, b) estimate annual/energ erived
powell curves, and c) calculate the standard yiati i€ anrdal energy production
estimates.
Categpry B uncertainties
The cpategory B uncertainties are assu isition
system, and the terrain s j bS are
expressed as uncertaint ndard
uncertfainty must be esfiqated or they ties.
NOTE + Consider a certq ution is
assumgd, the stand en
u
—-— D.11
7 (D.11)
If a triapgular p i ISk assumed, the standard uncertainty is:
U
o=—F D.12
T (D.12)
Categpry B uncertaintjes in the data acquisition system
There| ‘may be uncertainties from transmission, signal conditioning, analogue to [digital

conversion, and data processing In the data acquisition system. The uncertainties may be
different for each measurement channel. The standard uncertainty of the data acquisition
system for the full range of a certain measurement channel, ug ;, can be expressed as:

- 2
udi = \/Uﬁl,i’fugz,i’fuds,i

where

Ug1,i is the uncertainty in signal transmission and signal conditioning in bin i;

Ugp,i IS the uncertainty in digitization in bin i, for example from quantization resolution;

(D.13)

Ugs,i is the uncertainty in other parts of the integrated data acquisition system (software,

storage system) in bin i.
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We assume in this example the data acquisition system to have a standard uncertainty ug ; of
0,1 % of full range of each measurement channel.

Category B uncertainties in electric power

The uncertainty of the power sensor has uncertainty contributions from current and voltage
transformers and from the power transducer. Uncertainties of these subcomponents are
normally stated by their classification.

The standard uncertainty of the electric power for each bin, up ;, is calculated by combining the
standard uncertainties from the power transducer, the current and voltage transformers and the

data dcquisition system:
upi = \/U/2>1,i + Upg + Upgi * Ugp, (D.14)
where
Upp i fs the uncertainty in current transformers in bin i;
Upy i fs the uncertainty in voltage transformers in bin i;
Upg i fs the uncertainty in the power transducer in bi
Ugp,i fs the uncertainty in the data acquisition sy & channel in bin i.
In thg example, the current and vo e power transducer gre all
assumed to be of class 0,5.
The durrent transformers o ads. of the current transformers are here
desigmed to match the nothina C and not 200 % of nominal power). They have
uncerfainty limits, referring Qf £0,5 P4 of the current at 100 % load. At 20 % and
5 % Igads, though, the imN increased to £0,75 % and +1,5 % of the cdrrent,
respectively. For powe \ ; caslxements on WTGS, the most important }nergy
produgtion is pe vef. Thus, we anticipate the uncertainty limits of
+0,75(% of the cuvfe 9 be a good average. The uncertainty distribution is
assumed to be rectang . inties of the three current transformers are assumed to
be calised by ext€rna such as air temperature, grid frequencyn etc. They are
therefpre assued (an exception from the general assumption) and are
summled \ NA prrent  transformer contributes by one-third to the [power
measuiirerr i 3 e uncertainty of all current transformers is proportional [to the
power| as S
0,75 % Op; [kW] 1
upii = —3 = 0,43 % [P [kW D.15
P1,i \/g 3 o LR [kW] ( )

The voltage transformers of class 0,5, have uncertainty limits, referring to IEC 60186, of
+0,5 % of the voltage at all loads. The uncertainty distribution is assumed to be rectangular.
The grid voltage is normally rather constant and independent of the WTGS power. The
uncertainties of the three voltage transformers are as for the current transformers assumed to
be caused by external influence factors such as air temperature, grid frequency, etc. They are
therefore assumed fully correlated (an exception from the general assumption) and are
summed linearly. As each voltage transformer contributes by one-third to the power
measurement, it follows that the uncertainty of all voltage transformers is proportional to the
power as follows:

0, A
_ 0,5 % [P [kW] % 3 = 0,29 % P [kW] (D.16)

upzi = \/5
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If current and voltage transformers are not operated within their secondary loop operational
load limits, additional uncertainties shall be added.

The power transducer of class 0,5, referring to IEC 60688, with a nominal power of 2 000 kW
(200 % of the nominal power, 1 000 kW, of the WTGS) has an uncertainty limit of 10 kW. The
uncertainty distribution is assumed to be rectangular. The uncertainty of the power transducer
is thus:

10 kwW
upzi=—7—=— =58 kW (D.17)
B
Consiflering the electric power range of the measurement channel to 0 kW alnd an
uncerfainty of the data acquisition system of 0,1% of this range, the st rtainty from
the electric power sensor for each bin is:
4 = (0,43 % 0P [kW] )2 + (0,29 % P [KW] )2 + (5.8 KW )24 NQM% W o18)
= (0,52 % 0y [kW])? + (6,3 kW)
Categpry B uncertainties in wind speed
The (ncertainty of the wind speed 3 ant A inagton of several unceftainty
components. Usually, the most imporant™\Qne distortion due to the terrain, the
mounting effects on the anemometer, and NS anemometer calibration.|If the
terrain complies with the terrain require farnex A the flow distortion due to the terrain
is determined as 2 % or 3 %, dependeqnt o of the meteorological mast from the
WTGS$. If an experimenta i ibra is\yndertaken according to annex B, the
standard uncertainty derived ft i shdll be used, but it may not be lesq than
one-third of the maxi ) ortionNf e test /site analysis with a three-dimensiong|l flow
model is undertaken a oxtal an one-half of the maximum flow distortion shall
be usged. The f i ¢ ounting effects (boom and mast effects) might be
considerable unl i tainty
of th¢ anemomete: istics
(over-speeding, Si it be
dominating in the x
The catege
— 2 2
Wi = \/u\z/l,i * Ui+ Upa,i+ UGai+ U D.19)
where
Uyp i IS the uncertainty of the anemometer calibration i bin 1,
Uy, i is the uncertainty due to operational characteristics of the anemometer in bin i;
Uysi Is the uncertainty of flow distortion due to mounting effects in bin i;
Uyg i is the uncertainty of flow distortion due to the terrain in bin i;
Ugyi Is the uncertainty in the data acquisition system for the wind speed in bin i.
The sensitivity factor is determined as the local slope of the measured power curve:
Pi — Pi-1
== D.20
Cv,i Vi—Vig ( )

The standard uncertainty of the anemometer calibration is estimated to be 0,2 m/s. Uncertainty
due to operational characteristics of the anemometer is estimated to be 0,5 % of the wind
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