IEC 61400-21 -Z:ZZWJE:
a9

IEC 61400-21-2

Edition 1.0 2023-03

INTERNATIONAL |
STANDARD Qé :

NORME N\
INTERNATIONALE QO

ﬁ inside
<o

Wind energy generation systems — *
Part 21-2: Measurement and assessment of dx'c | characteristics — Wind

power plants

Systémes de génération d'énergie éolienrg)
Partie 21-2: Mesurage et évaluati$w Qeractéristiques électriques — Centrales

éoliennes



https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2023 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite ni
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et
les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that nrep.res and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Ple<_> me'-~ sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once
a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or 2ea
further assistance, please contact the Customer Zl-=nice
Centre: sales@iec.ch.

IEC Products & Se vices Portal - products.iec.ch

Discover our po ‘el ul search engine and read freely all the
publications pravie. s. Vvith a subscription you will always have
access to up to date content tailored to your needs.

Elecu ~pelia - www.electropedia.org

The wo.'d's .eading online dictionary on electrotechnology,
cc ntaining more than 22 300 terminological entries in English
ar, ' Fre 1.ch, with equivalent terms in 19 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Commission Electrotechnique }iic nativ.aiale (IEC) est la premiére organisation mondiale qui élabore et publie des

Normes internationales pour tout ¢ » 4ui

A propos des publications IEC

trait a I'électricité, a I'électronique et aux technologies apparentées.

Le contenu technique des pulica ions IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigenc 'm o 1 amendement peut avoir été publié.

Recherche de publi-ations IE ™ -

webstore.iec.ch/3dvsc archform

La recherche a2anc e permet de trouver des publications IEC
en utilisant diffe =nts critéres (numéro de référence, texte,
comité d’é’udes, ...;. Elle donne aussi des informations sur les
projets et I s publications remplacées ou retirées.

JEC . st Pui lished - webstore.iec.ch/justpublished

I\ stez inforné sur les nouvelles publications IEC. Just
Pub.=*ed détaille les nouvelles publications parues.
L sponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC Products & Services Portal - products.iec.ch

Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours accés a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 300 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 19 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

IEC 61400-21-2

Edition 1.0 2023-03

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Wind energy generation systems —
Part 21-2: Measurement and assessment of elcctiical characteristics — Wind
power plants

Systémes de génération d'énergie éolienne —
Partie 21-2: Mesurage et évaluation a2s caractéristiques électriques — Centrales
éoliennes

INTERNATIQNA.
ELECTROTEC.!INICAL
COMMIE SION

~OM. 1ISS.ON
EL-ZCTROTECHNIQUE
INTERNATIONALE

ICS 27.180 ISBN 978-2-8322-6648-9

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

-2- IEC 61400-21-2:2023 © |IEC 2023

CONTENTS

O T T 1 I PP 9
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns 11
1 ST e o] o 1T PO PP 13
2 NOrmMative referENCES ... e 14
3 Terms and definitioNs ... 15
4 Symbols and abbreviated termMS .. ... 25
4.1 S MO e 25
4.2 Abbreviated termMS ... ... 27
Power plant specCifications ... ... 7
Overall test and documentation requirements .........cccooiiiiiiiiiiii i 29
6.1 LT a1 = P S SR 29
6.2 Test conditions, monitoring and reporting requirements ................... oo, 31
6.3 Test conditions in the case of external influences ... . 33
6.4 Test and measurement equipment ... e 33
6.4.1 GENETAl e L AL 33
6.4.2 Voltage, current and power calculations ... i 33
6.4.3 Measurement equUIpPMENt ... e 33
6.4.4 Existing measurement equipment for power coni ol tests..........cociiiiiiiiilL 34
6.4.5 Optional MeasUremMENtS ........oouiiiiii e i e 34
6.5 Functional and performance test..... ... 34
6.6 Power plant CONtroller ... ... e 35
6.6.1 GENEIAl e e 35
6.6.2 Definition and requUIremMents . .......c.oooiiiiiiii e 35
6.6.3 Measurement points ......... B, N 36
6.6.4 Measurement data...... R N 37
6.6.5 LI =T (o PP 37
6.6.6 DOCUMENtAtiON L 38
7 Measurement and test of c'acfrical characteristics.........cooooviiiiiiiiiii e, 39
7.1 General............... A S 39
7.2 PowWer QUality AS DB C S it 39
7.2.1 LCT=T oL Y PP 39
7.2.2 Flicker Zuring continuous operation ..........cooiiiiiiiiiii e 39
7.2.3 kooid voitage changes due to switching operations............ccoooooiiiiiiiiniinnnn. 40
7.2.4 AN S e e 41
7.3 Steudy state Operation .. ... 43
7.3.1 GBNEIAl e 43
7.3.2 UNDAIANCE ..o 43
74 Dynamic PerfOrmManCe . ... couuii e 44

7.4.1 Undervoltage and overvoltage ride-through (UVRT and OVRT)
CaAPADIIIEY et 44
7.4.2 Test setup and test CoNditioNS ..o 44
7.4.3 Test and measurement ProCeAUre ... ..o 44
7.4.4 DoCUMENTAtION ..o 46
7.5 Disconnection from grid ... 47
7.5.1 Grid ProteCtiON ..o 47

7.5.2 Requirements of test deviCes........coiiiiiiiiii 48


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

IEC 61400-21-2:2023 © |IEC 2023 -3-

7.5.3 Grid protection test — PP IeVel ... 48
7.5.4 Grid protection test — PGU level ... 49
7.5.5 RO COF e 49

I 0o ] a1 d o] I o Y=Y {014 0= 1o Lo - PP 49
8.1 LT 1= - T PPN 49
8.2 PerformanCe 1St . e 49
8.2.1 LY o= = | P 49
8.2.2 Active power CONtrol 1SS ... 50
8.2.3 Controlled shutdOWn ... e 52
8.2.4 Synthetic inertia reSPoNSEe ... 54
8.2.5 Reactive power CoONtrol ... ..o o7
8.2.6 Reactive power capability ... 50
8.3 Functionality teStS . ..o 63
8.3.1 (7= a1 =Y P VPP 63
8.3.2 Active power ramp rate limitation test ................oo e 63
8.3.3 Priority of setpoints... ... 65
8.3.4 Frequency control..........ooiiiiii e D » U A 67
8.3.5 Reactive power ramp rate limitation.................o 72
8.3.6 Voltage control Q(U)-characteristic .........cooooiiiiiiniiic 76
8.3.7 Power factor control..............coooiiiiiiiin s | U PPTUPRUPRRPN 78
8.3.8 Communication error/fallback scenarios ... .. ... 81
9  Assessment of power quality of power plants (PP). ... i 84
9.1 LT 1= - T PN 84
9.2 Voltage fluctuations .................cccoeeeni. S WS 84
9.2.1 Voltage ChaNge. ... e 84
9.2.2 Flicker in continuous operation ..o oo 85
9.2.3 Voltage change and flick=r (uiiag switching operations ..., 86
9.3 Current harmonics, interhermunics and higher frequency components.................. 87
Annex A (informative) Report templatc e 89
A.1 L0 Y=Y Y PP 89
A.2 Power plant specitic ation and test conditions ... 89
A.3 Power plant CONtl I ar e 90
A4 POWEr QUaY Y @lDECES .ot 91
A.5 Steady Stete CPEeration . ... 120
A.6 D) g [Tl o T=Y B o ¢ g =1 [T N 121
A7 Disconrizction from grid (grid protection).........oooiiii 122
A.8 Performance teSt ..o 122
A6 1 LY o= = | 122
A.o: StatiC error St . 122
A 8.2 Dynamic resSpoNnSe teSt ... 123
A.8.4 Controlled shutdOWn ... 123
A.8.5 Synthetic inertia reSPONSE ... 124
A.8.6 Reactive power CoONtrol ... ..o 126
A.8.7 Reactive power capability ..o 127
A.9 Functionality 1eStS .. o 128
A.9.1 Active power ramp rate limitation test ... 128
A.9.2 Priority Of SetpOiNtS.....cuiiiii 129
A.9.3 Frequency CONIOl ... ... e 130
A.9.4 Reactive power ramp rate limitation ... 131


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

-4 - IEC 61400-21-2:2023 © |IEC 2023

A.9.5 Voltage control Q(U)-characteristic ...........cocvieiiiiiiiiii e, 132
A.9.6 Power factor CONtrol... ... e 133
A.9.7 Communication error / fallback scenarios ...........ccooviiiiiiiniii i, 135
Annex B (informative) Harmonic evaluation...........ccoooiiiii 137
B.1 Harmonic estimation at the point of interest ... 137
B.2 Background harmonic distortion ...........coiiiii i 137
B.3 Harmonic SUMMatioN ... e 138
B.4 Harmonic propagation studies ..........coooiiiiiii e 138
B.5 PP harmonic contribution evaluation ... 139
B.5.1 GENEIAL .. 139
B.5.2 Incremental PP harmonic contribution based on simulations........................ 129
B.5.3 PP electromagnetic compatibility analysis based on simulations.................. 239
B.5.4 Harmonic measurements at the POC ... 140
Annex C (informative) Validation procedure for PP ........ccoiiiiiiii e e 141
Annex D (informative) Measurement aCCUracCy ..........coiiiuiiiiiiiiiiii i e 143
(2710 1o = Yo 4 V28 U RS 146
Figure 1 — Example of Step reSpPONSE ....iu i e 19
Figure 2 — Example of @ PP Setup ..o 29
Figure 3 — General structure of a PPC for reactive power cz.itro. within a power plant.......... 35
Figure 4 — General structure of a PPC for active power ~or'xo! within a power plant............. 36
Figure 5 — lllustration of the PPC as a black box with ir.. aid outputs ... 36
Figure 6 — lllustration of the PPC with the internal ~yst:m data..............c..co, 37
Figure 7 — lllustration of a complete test Setup.......coouiiriiiii i, 38
Figure 8 — Example of time series for the «:~ti ‘e and reactive current measured (M)
and simulated (S) active and reactive CLret [1] oo 47
Figure 9 — Adjustment of active power efarence value ..o 51
Figure 10 — Example of active pcwe:response Step ..o 51
Figure 11 — Example of controncd shutdown ..., 54
Figure 12 — Synthetic inertia = ¢ xample response and definitions ...............c.coiiiiiinn. 56
Figure 13 — Test for static @rrOr. ..o e 59
Figure 14 — Exampic of (25t of dynamiC reSpoNSe ... couniiiiiiiiiii e 59
Figure 15 — Ex~mple o: test of reactive power capability QP-chart .................ooooiinis 62
Figure 16 — E, am[ie of reactive power capability UP-chart corresponding to the QP-
Lo 0= o A PP 62
Figure 17 — Example of available active power and active power in ramp rate limitation
LU [P PPPRP 64
i~.aure 18— Example of active power setpoint prioritization test ... 66
tiqure 19 — PPC measured frequency feedback is replaced by a simulated frequency.......... 69
Figure 20 — Example of an active power control function P = f{f), with the different
measurement points and related steps of freqQUENCY ......c.ieiiiiiii i, 70
Figure 21 — Example of reactive power ramp rate limitation test.....................cooi . 75
Figure 22 — Example of the Q(U) characteristic with @ 4 % slope........ccoooiiiiiiiiii, 76
Figure 23 — Example of possible PP communication faults................c.o 81
Figure 24 — Example of graph for communication error test............coooiiii 83

Figure A.1 — Figure 25 — Voltage flicker Pgt versus active power for normal operation .......... 91


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

IEC 61400-21-2:2023 © |IEC 2023 -5-

Figure A.2 — Voltage flicker Pg¢ for background level ................cccccovviiiiiiiiiiiiiii 92
Figure A.3 — Time series of three-phase voltages as RMS of PP starting ......................ooilL 92
Figure A.4 — Time series of three-phase currents as RMS of PP starting....................co.ooilL 92
Figure A.5 — Time series of active and reactive power of PP starting ............cco.cooiii, 92
Figure A.6 — Time series of three-phase voltages as RMS of PP stopping..........ccoooiviiiiinnes 93
Figure A.7 — Time series of three-phase currents as RMS of PP stopping........ccoccoeviiniini. 93
Figure A.8 — Time series of active and reactive power of PP stopping.........coccooiiiiiiiiiininnnns. 93

Figure A.9 — Maximum of the goth percentiles of integer harmonic currents versus
(F= 10 g To] a1 ea o] e L= SRR PRPRP 117

Figure A.10 — Maximum of the 9oth percentiles of interharmonic currents versus
L =Yo [0 L= o o2 2P 17

Figure A.11 — Maximum of the 9oth percentiles of higher frequency current
COMPONENtS VEIrSUS frEQUENCY ..o e 117

Figure A.12 — Maximum of the 95th percentiles of integer harmonic currents var:us
RArMONIC OFAEE ...eee e e e eeteee e 117

Figure A.13 — Maximum of the 95th percentiles of interharmonic curren.s versus
LLESTe LU= 003 U N PPN 118

Figure A.14 — Maximum of the 95th percentiles of higher freq 'ecy current
COMPONENTS VEISUS frEQUENCY .euiieiiiiii e e et e e e e e e e e enees 118

Figure A.15 — Maximum of the 9oth percentiles of infegcr horrionic voltages versus
RAIMONIC OFAEI o e e ettt e e e e 118

Figure A.16 — Maximum of the goth percentiles of nteiharmonic voltages versus
LL=Yo [0 L= o o2 PP 118

Figure A.17 — Maximum of the 99th percentiles o higher frequency voltage
COMPONENtS VEIrSUS frEQUENCY ..o e e 119

Figure A.18 — Maximum of the geth [ ercentiles of integer harmonic voltages versus
=T g aTe] T eao] o 1= S PPN 119

Figure A.19 — Maximum of the 25 percentiles of interharmonic voltages versus

TP QUENCY e e e 119
Figure A.20 — Maximum »>f the 95th percentiles of higher frequency voltage

COMPONENTS VEISUS T UUEICY cetnitiititeetet et et et e e e e e e e et e et e et e e e e e e et e et et e et e e e aneenaenees 119
Figure A.21 — Curren. uiibalance factor as a function of active power ............................. 120
Figure A.22 —'Voitage unbalance factor as a function of active power..............ccccooiiiienn.. 120
Figure A.25 - 1.me series: Instantaneous three-phase currents and voltages at the

P O C e e eans 121
Fiqurc:A.24 — Time series: Positive and negative sequence of the active and reactive

L1 o 0 O 121
Fig'r2 A.25 — Time series: Positive and negative sequence of the active and reactive

TN =T S 121
Figure A.26 — Time series: Positive and negative sequence grid voltage at the POC ......... 122

Figure A.27 — Time series of available active power, measured active power output
AN TefErENCE VAIUEBS ..o 122

Figure A.28 — Time series of available active power, measured active power output
AN TefErENCE VAIUEBS ..o 123

Figure A.29 — Time series of available active power, measured active power output
ANA FEfEIENCE VAIUES .. oeiiiiii e e e e e et et et et ea s 123


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

-6 - IEC 61400-21-2:2023 © |IEC 2023

Figure A.30 — Time-series of available active power, measured active power and
reference value of the grid frequency for (test 1 and test 2) 0,25 x P, < P < 0,5 x Pp ......... 124

Figure A.31 — Time-series of available active power, measured active power and
reference value of the grid frequency for (test 3 and test4) P> 0,8 X Py ..ooovvvviniiiininniniins 124

Figure A.32 — Time-series of available active power, measured active power and
reference value of the grid frequency for (test 5 and test 6) v > vy coooeeeiiiiii 124

Figure A.33 — Time-series of reactive power reference values and measured reactive
power and grid voltage during the test of reactive power control ...l 126

Figure A.34 — Time-series of reactive power reference values and measured reactive
power, grid voltage during the test of reactive power control................coooiiiiiiii 126

Figure A.35 — Zoom of step response (for all three-step responses) in the time-series
of reactive power reference values and measured reactive power, grid voltage during

the test of reactive power control ... ... 127
Figure A.36 — Test of reactive power capability QP-chart .............cooiiiiiiiiii e 127
Figure A.37 — Reactive power capability UP-chart corresponding to the gP-chait................ 128

Figure A.38 — Time-series of available active power and active power in remp rcte
limitation mode — SIOW ramp rate .......ccoiviiiiiiii e e e e 128

Figure A.39 — Time-series of available active power and active pow:r ir.ramp rate
limitation mode — Fast ramp rate ... 129

Figure A.40 — Time-series of active power setpoints, availabic f nwer and active power...... 129
Figure A.41 — Time-series of active power setpoints, availible pcwer and active power...... 130

Figure A.42 — Time-series of simulated frequUeNCY..... ... e 130
Figure A.43 — Time series of reactive power setpoi~; rexctive power ............cocooiiiiinian... 131
Figure A.44 — Time series of voltage — Reactive po e, expected reactive power for a

Lo TV =T A= (o] o= PP PPRPPTN 132
Figure A.45 — Time series of active power reactive power, power factor and power

FACTOr TEIEIENCE .. oeeie e e 133
Figure A.46 — Time-series of active g ov.er setpoint, active power and available power

and failure time point (CasSe 1 10 Ca T8 e 135
Figure A.47 — Graph for communication error test (example) ......ooooiiiiiiiiii 136

Figure B.1 — Simplified rep escntation for the PP connected to the external grid used
for the estimation of incrzmucnt4l harmonic contribution at POC or any other point of

L LE=T f =T S PP PPPPRPRR 139
Figure B.2 — Simplii.2d r :presentation of the PP for harmonic propagation studies

including the harmonic background and PGU’s non-ideal harmonic voltage source.............. 140
Table 1 — Ovarview of measurements and their requirements ..., 30
Table 2 - Description and general requirements of the HIL test functional ............................ 38
Tabia 3 — List of recorded Signals ..o 45
Tanle 4 — List of electrical signals to be monitored for the evaluation of events..................... 45
Teble 5 — Maximum measurement uncertainties for the grid simulator.......................oo. 48
Table 6 — List of signals during teSt........c.oiiiiiii e 50
Table 7 — Accuracy of the active power control values ............cooiiiiiiiiii e 52
Table 8 — Results from the active power dynamic response test...........coooiiiiiiiiiiiininenn. 52
Table 9 — Example of list of signals during test ...........cooiiiiiii i 53
Table 10 — Results of the emergency shutdown test.........coccoiiiiiiiiiiiii e, 54

Table 11 — List of signals during test.. ... 55


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

IEC 61400-21-2:2023 © |IEC 2023 -7-

Table 12 — Synthetic inertia settings .....coooiiiii 57
Table 13 — Synthetic inertia test results ... ..o 57
Table 14 — List of signals during test... ... 58
Table 15 — Test fOr StatiC ©rTOr. ... . e 60
Table 16 — Test for dynNamiC rESPONSE .....uiiiii e e 60
Table 17 — List of signals during test.... ... 61
Table 18 — Example of reactive power capability QP-chart ..o 63
Table 19 — List of signals during test.... ... 63
Table 20 — Active power ramp rate calculation ... 65
Table 21 — List of signals during test........cooiiiiiii e )
Table 22 — Test results priority of setpoints. . ... e o7
Table 23 — List of signals during test... ... 68
Table 24 — Example of test sequence for the frequency dependent active power

L0 T o3 10X o PP PP 72
Table 25 — List of signals during test... ... s 73
Table 26 — Test procedure reactive power ramp rate limitation test ... ... 74
Table 27 — Reactive power ramp rate calculation ... e 75
Table 28 — List of signals during test........ccoiiiiiii e e 77
Table 29 — Voltage control Q(U) — slope test ... e 78
Table 30 — List of signals during test....... ..o 79
Table 31 — Example of power factor control test..... ... 80
Table 32 — List of signals during test........cccoiiiiii e 82
Table 33 — Example of communication error.test — Failure on external interface ................... 83
Table 34 — Example of failure of PPC or comriunication between PPC and PGUs ................ 83
Table 35 — Example of failure of grid <cta in2asurement ..., 84
Table 36 — Specification of exponents ac_ording to [IEC TR 61000-3-6........cccevvvvniiniiniinnennnen. 88
Table A.1 — General and NOMINAI AT v.uuieuniieiie e 89
Table A.2 — General power pi- nt capabilities and control functions .................co. 90
Table A.3 — General test and rcport information.......... 90
Table A.4 — General/iect conditions and grid data.........coooiiii i 90
Table A.5 — General .>s. conditions and test setup .......ooviiii i 91
Table A.B — FLCK O VAIUBS ...ttt e e e e e e et e e e e anns 91
Table A.7 — Rayid voltage changes due to switching operations ..., 92
Table A 8 — General test information..........coooi i 93
Tar'e A — 99th percentile of 10 min harmonic magnitudes per week.............ooiiiiiiin, 94
Taule A.10 — 99th percentile of 10 min harmonic magnitudes per week..........oooviiiiiiiiiineenn. 95
Table A.11 — 99th percentile of 10 min harmonic magnitudes per week..............cccccevvenennn.n. 97
Table A.12 — 95th percentile of 10 min harmonic magnitudes per week..............ccccceeveninnn.n. 98
Table A.13 — 95th percentile of 10 min harmonic magnitudes per week...........ooiviiiiiiiiiinneenn. 99
Table A.14 — 95th percentile of 10 min harmonic magnitudes per week...........ccooeeiiiniinnnen, 101
Table A.15 — 99th percentile of 10 min harmonic magnitudes per week...........ccooeeiiiineinnnen. 102

Table A.16 — 99th percentile of 10 min harmonic magnitudes per week..............cc.ccoeeviennnni. 103


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

-8 - IEC 61400-21-2:2023 © |IEC 2023

Table A.17 — 99th percentile of 10 min harmonic magnitudes per week............cooeeiiiiiiiinnnn, 105
Table A.18 — 95th percentile of 10 min harmonic magnitudes per week...........ccoeeeiiiiniinnnen, 106
Table A.19 — 95th percentile of 10 min harmonic magnitudes per week..............cccoeeiennnn. 107
Table A.20 — 95th percentile of 10 min harmonic magnitudes per week..............cccoeeiinnnnn. 108
Table A.21 — 99th percentile of 3 s harmonic magnitudes per week ...........coooiii, 109
Table A.22 — 99th percentile of 3 s harmonic magnitudes per week ...........coooiii, 111
Table A.23 — 99th percentile of 3 s harmonic magnitudes per week .............ccooieiiiiiiiiinnnn.. 112
Table A.24 — 99th percentile of 3 s harmonic magnitudes per week .............cooieiiiiiiiiii .. 13
Table A.25 — 99th percentile of 3 s harmonic magnitudes per week ...........cooi 14
Table A.26 — 99th percentile of 3 s harmonic magnitudes per week ...........cooein ... 116
Table A.27 — UNbalanCe. . ..o 120
Table A.28 — General fault information of undervoltage and overvoltage ride thiough

(UVRT and OVRT) events/reCord? .........cooiiiiiiiii e s e eeenen 121
Table A.29 — Accuracy of the active power control values .................co . 122
Table A.30 — Accuracy of the active power control values ................o i, 123
Table A.31 — Results of the emergency shutdown test.........0 .. .o, 123
Table A.32 — Synthetic inertia test results ... 125
Table A.33 — Test for static error... ... e 126
Table A.34 — Test for dynamiC FrESPONSE ..cuuiiiiii i e e e 127
Table A.35 — PO-Aiagram ... e e e 128
Table A.36 — Active power ramp rate calculation — Slow ramp rate ..............cooeviiiiiineenn.. 129
Table A.37 — Active power ramp rate calci:ation —Fastramprate ... 129
Table A.38 — Test results priority Of SN0 S Lo 130
Table A.39 — Frequency dependent a dvr. power function results .............coooeeiiiiiiinnnns, 131
Table A.40 — Reactive power ran.n rafe calculation ..., 132
Table A.41 — Voltage contrei (U = slope test. .. 133
Table A.42 — Power factGr Contiol test ..o 134
Table A.43 — Commusiiicauan error test — Failure on external interface (example) ............... 135
Table A.44 — Failure ~fF PC or communication between PPC and PGUs (example)............ 135
Table A.45 — Faiire of yrid data measurement (example) .......ooooiiiiiiiiiii 135
Table A.46° - Communication error test — Failure on external interface (example) ............... 136
Table A 47 — tailure of PPC or communication between PPC and PGUs (example)............ 136
Tahle /.« 8 — Failure of grid data measurement (example) ........ccoooviiiiiiii i, 136
“able 2.1 - Recommended assessment methods for the validation of the electrical
SAPIlIties Of the PP . 141
Table D.1 — Voltage transducer (VT) in MV, HV and EHV.........co 143

Table D.2 — Current transducer (CT) in MV, HV und EHV..........ccooiiiiiiii e, 144


https://www.stdhive.com/standards/iec-61400-21-2-ed-10-b2023-pdf/

IEC 61400-21-2:2023 © |IEC 2023 -9-

1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -

Part 21-2: Measurement and assessment of electrical characteristics —
Wind power plants

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 61400-21-2 has been prepared by technical committee 88: Wind energy generation
systems. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

88/933/FDIS 88/943/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 61400 series, under the general title Wind energy generation
systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 61400 defines a uniform method that will ensure the measurement, testing and
assessment of the electrical characteristics of grid connected wind power plants. These
characteristics include: power quality aspects, control characteristics such as power control,
reactive power control, voltage control, frequency control, fault ride-through behaviour, as well
as grid protection testing.

The measurements and assessment refer to the point of connection (POC) of the power plant.
The procedure describes standardized methods, which will allow the developer as well as
system operators (e.g. transmission system operators (TSOs) and distribution system operators
(DSOs)) to analyze the fulfilment of the grid connection rules with respect to the above-
mentioned characteristics.

This document includes the following aspects:
— definition and specification of the quantities to be determined for characterizing the electrical
characteristics of grid connected power plants;

— measurement and test procedures for quantifying the electrical characteristics of a power
plant;

— measurement and test procedures of the power plant controller;

— procedures and methods for the estimation of electrical capabilities, using results from each
of the wind turbine measurements to assess compliance with electrical connection
requirements on power plant level;

— test and measurement procedures that can be used as a reference, for example
commissioning tests for existing or newly connected power plants;

— procedures for measurement and fault recording for the validation and verification of wind
power plant simulation models as described in IEC 61400-27-1 and IEC 61400-27-2.

These measurement procedures are valid for power plants, including the power plant controller
(PPC) and other connected equipment necessary for the operation of the power plant. The
measurement procedures are valid for any size of power plant connected to the POC with a
single interface.

The results of the measurements and assessment of the power plant’s electrical characteristics
can be used as input for the verification of the electrical simulation models for wind power plants
as described in IEC 61400-27-2.

Any aspects described in this document can be tested and reported individually, and it is not
mandatory to perform all of the described tests and measurements.

The validation of control functions on the power plant is a combination of the performance of
the individual power generation units (PGUs), any additional plant components, the
communication system and the PPC.

The control performance of the power plant can be proved by a combination of performance
tests on site and functionality tests carried out on a hardware-in-the-loop (HIL) setup.

The validation tests for the control performance are therefore divided into two parts:

1) performance tests
2) functionality tests

Functionality tests can be carried out either on a specific test setup (HIL test) or on site.
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Performance tests, which are site-dependent, are done at each specific site under the specific
site conditions and provide together with the functionality tests the complete control
performance of the power plant.

Additional tests and measurements may be carried out and reported on for more detailed
assessment of simulation models and compliance with specific grid code requirements.

As the described tests can be used for the validation of other renewable power plants, this
document uses the following generic abbreviations:

e PGU: power generation unit as an abbreviated term for a wind turbine

o PP: power plant as the abbreviated term for wind power plant
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WIND ENERGY GENERATION SYSTEMS -

Part 21-2: Measurement and assessment of electrical characteristics —
Wind power plants

1 Scope

This part of IEC 61400 defines and specifies the quantities that are determined to characterize
the electrical characteristics of grid-connected power plants (PPs).

This document defines the measurement and test procedures for quantifying the electrical
characteristics as basis for the verification of compliance of PPs, including:

e power quality aspects,

o steady state operation,

e dynamic response (undervoltage and overvoltage fault ride-through),

e disconnection from grid (grid protection),

e control performance.

This document defines a uniform functionality test and measurement procedure for the power
plant controller (PPC), as a basis for the unit test of the power plant controller.

This document defines the procedures for assessing compliance with electrical connection
requirements, including the aggregation methods for power quality aspects such as voltage
variations, flicker, harmonics and interharmonics.

This document defines the procedures for measurement and fault recording, for example for
the verification of power plant electrical simulation models in relation to undervoltage and
overvoltage ride-through events.

These measurement procedures are valid for power plants, including the power plant controller
and other connected equipment, necessary for the operation of the power plant. The
measurement procedures are valid for any size of power plant connected to the point of
connection (POC) at one connection point.

The procedures for assessing and verifying the compliance with grid connection requirements
are valid for power plants in power systems with fixed frequency and a sufficient short-circuit
power.

Out of the scope of this document are:

— evaluation of several power plants, i.e. the control by a cluster management of several
power plants (PPs) or evaluation where the power plant is connected to several connection
points;

— compliance test and performance requirements, including pass or fail criteria;

— specific component test and validation of the PP equipment (switchgear, cables,
transformers, etc.), which are covered by other IEC standards;

— wind power plant model validation, as defined in IEC 61400-27-2;
— load flow calculation methods and load flow study guidelines;

— test and measurement of the communication interface and system of the PP as defined in
the IEC 61400-25 series.





