IEC 61400-1:2019-02 RLV(en)

IEC 61400-1

Edition 4.0 2019-02
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

Wind turbines energy generation systems —
Part 1: Design requirements



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 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

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

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

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares 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. Please make 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and withdrawn publications.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
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 16 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

IEC Glossary - std.iec.ch/glossary

67 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

IEC 61400-1

Edition 4.0 2019-02
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

Wind turbines energy generation systems —
Part 1: Design requirements

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 27.180 ISBN 978-2-8322-6571-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

-2 - IEC 61400-1:2019 RLV © |IEC 2019

CONTENTS

FOREW O RDD ... ettt 10
INTRODU CT ION L ettt e e e e e et e et e et e e e e et eaeans 13
1 ST o0 o 14
2 Lo £ - A= =Y 1= (=1 o= 1S 14
3 Terms and defiNitioNS ... 16
4 Symbols and abbreviated termMS ... ... 25
4.1 SYMDBOIS AN UNIES. . ieieii e e e e e aees 25
4.2 AD DI EVIAtEd LEIMIS . e 28
I = T 0 od T o T U= =T 4 =Y o S 29
5.1 LT =Y 1= - Y S 29
5.2 DESIgN MEINOAS e e 29
5.3 S Y ClaS S S it 29
5.4 L@ 10 =11 VA= TS U = U o= 29
5.5 Wind turbing MarkingsS ... c.ouieie e e 29
LI =04 €= = L o'oY o 11410} o =S 30
6.1 L= L= = | PN 30
6.2 WiNd tUIDINE ClaSS @S ..u iniiiiii e e e e e e e e e e e 30
6.3 RVAY AT Lo I o o 114 o] 1= PP 32
6.3.1 L= 1= - | P 32
6.3.2 Normal Wind CONAItIONS . ...iuuie e e 34
6.3.3 Extreme wind CONAItIONS ...t 36
6.4 Other environmental CONItIONS .......ovuiiiiiiii e 41
6.4.1 (=Y 1= = L PP 41
6.4.2 Normal other environmental conditionNS .........cooviiiiiiiiiii e, 42
6.4.3 Extreme other environmental conditions ... 42
6.5 Electrical power network CONAitiONS ........c.iuiiiiiii e 42
3 1 ¥ o3 10 =Y o 1= o o S 43
7.1 LT =Y o 1= - Y 43
7.2 Design MethOodOlOgY .. c.oieii e 43
7.3 0 T Vo £ P 43
7.3.1 (=T V=T - | PP 43
7.3.2 Gravitational and inertial [0ads ...........cooiiiiii 44
7.3.3 ArodyNamiC [0AAS ....uiiiiii e 44
7.3.4 ACTUALION 0O .. et 44
7.3.5 (0 11 g 1= Lo = T =P 44
7.4 Design situations and [0a0d CASES .....cvuiiuiiiiiiiei e 44
7.4.1 (=Y 1= = L P 44
7.4.2 Power production (DLC 1.1 10 1.5) ciuiuiiuiiiii e e e e e e e e 47

7.4.3 Power production plus occurrence of fault or loss of electrical network
€coNNECtioN (DLC 2.1 1024 2.5) cuiiii i 48
7.4.4 Start-Up (DLC 3.1 10 3.3) tuuiiiiiii it e e e e e e et et et e et et e an e eaaes 50
7.4.5 Normal shutdown (DLC 4.1 10 4.2) c.uiuiiiiiiei et 50
7.4.6 Emergency-shutdown StOP (DLC 5.1) i 51
7.4.7 Parked (standstill or idling) (DLC 6.1 10 6.4) ....cvviiniiniiiiiee e 51
7.4.8 Parked plus fault conditions (DLC 7.1) ...uiuiiiiiiie e 52

7.4.9 Transport, assembly, maintenance and repair (DLC 8.1 and 8.2) ................... 52


https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

IEC 61400-1:2019 RLV © IEC 2019 -3-

7.5 LOAd CAlCUIALIONS ..oeiiei e 53
7.6 Ultimate limit state analySiS.......ceu e 54
7.6.1 LY =Y 4 o o P 54
7.6.2 Ultimate strength analySiS. .. ..o 56
7.6.3 Fatigue failure ... 60
7.6.4 SHADIITY e 61
7.6.5 Critical deflection @analySiS ... ... 61
7.6.6 Special partial safety factors......ooo i 62
8  CONtrol-anaProteetioR SYSIEM .. it 63
8.1 LT 1o - Y PP 63
8.2 CONrOl FUNCHIONS .. e 63
8.3 Protection fUNCLIONS ....cui e e 64
8.4 Control system failure analySis .......oouviiiiiii 65
8.4.1 (CTCT o 1=T - | PP 65
8.4.2 Independence and common-cause failures ........cccoovoviiiiiiiii i, 65
8.4.3 FaUlt @XCIUSIONS ... e 66
8.4.4 Failure mode return PEIIOUS ... cuu i e 66
8.4.5 SYStEMALIC fAIUIES .uiiii i 66
8.5 ManUAl OPEIALION ...t et et 66
8.6 Emergency stop button fUuNCLION ..o 66
8.7 Manual, automatic, and remote reStart ... 67
8.8 LY=L T o T3 7251 (=1 2 68
9 MEChANICaAl SYSTEIMS ... e 68
9.1 LT 1o -1 PP 68
9.2 Errors Of fitliNg ..o e 69
9.3 Hydraulic Or pneumatiC SYStEMS ... e e e 69
9.4 MaIN QEAIDOX e e 69
9.5 Yawsystemog/standaras/ec/idndes /0= [ell-40ae-al) /4= /adclcOochOaec- 01400 69
9.6 o ] Y753 (] o 2 70
9.7 Protection function mechanical brakes ... 70
9.8 ROIIING €leMENt BEAMNGS .. v e 71
9.8.1 (CTCT o 1=T - | PP 71
9.8.2 Main shaft DEANTNGS ..o 71
9.8.3 (€T T=T = L o] g o= - 1 [ o 1 71
9.8.4 Pitch and yaw DearingS.....c.. e 71
O T =T o= L =] = o 72
O Y © =T o= - | PP 72
10.2 General requirements for the electrical system .........cccooiiiiiiiiiii i, 72
10.3 Internal environmental CONAItIONS .. ..o 72
10.4  PrOteCHIVE GEVICES. ..ttt eas 74
10.5 Disconnection-devices from SUPPlY SOUICES ...t 74
10.6 EArth SYStemM. . 74
10.7  Lightning ProteCtiON .oouie i e 75
10.8  EleCtrical CabIES ... e 75
10.9 Self-@XCIALION L.ttt 75
10.10 Protection against lightning electromagnetic impulse ............ooooiiiiiiiiiiinnn, 76
L0 O o 1= o [ =11 76
10.12 Electromagnetic compatibility...... ... 76

10.13 Power electronic converter systems and equUIPMEeNt ........oooiiiiiiiiiiiiiii e 76



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

-4 - IEC 61400-1:2019 RLV © |IEC 2019

L0 0 Y 1S3 o o [ Yo 76
O T S 1o N T o 1 SRR 77
10.16 Vertical power transmission conductors and COMpPONENtS........cvveiiiiniiniiiiiineennnn. 77
10.17 MOtOr drives and COMVEITEIS .. iuuiuii e eit ettt e e e e e e e e e e e e e e eneeens 78
10.18 Electrical MaChineS ... ... e 78
O T R o 1YY g £ = T o3 01 011= 78
10.20 Low voltage switchgear and CONtrolgear........oo.vuiiiiiiii e 78
10.21 High voltage SWItCRQEAI .....ivii e e e 79
L0.22  HUD S c ottt 79
11 Assessment of a wind turbine for site-specific conditions...........c..coooiiiiii 79
I O =T o =T - | PP 79
11.2 Assessment of the topographical complexity of the site and its effect on
LU0 o101 1= o o = PP 80
11.2.1 Assessment of the topographical complexity......cccccovvviiiiiniiiiii e, 80
11.2.2 Assessment of turbulence structure at the Site.........cooooiiiiiiiiii, 83
11.3  Wind conditions required for @SSESSMENT ......cvuiviiiiii e e 84
11.3.1 (CTCT o 1=T - | PP 84
11.3.2 Wind condition Parameters .. ... oo 84
11.3.3 L= RO = 0 0= A=Y= A o 85
11.3.4 Data eValUation ... 86
11.4 Assessment of wake effects from neighbouring wind turbines .....................o.ooill 87
11.5 Assessment of other environmental conditionS............coooviiiiiiiii, 87
11.6 Assessment of earthquake CONAItIONS ......c.iiviiiiiii e 87
11.7 Assessment of electrical network conditions ..........ccoooviiiiiiiiiiniin 88
11.8 Assessment of SOIl CONAILIONS . ... 89
11.9 Assessment of structural integrity by reference to wind data.............ccccovvvivennnnns 89
11.9.1 1T 1-T o | T e R PPN 89
11.9.2 Assessment of the fatigue load suitability by reference to wind data.............. 90
11.9.3 Assessment of the ultimate load suitability by reference to wind data ............ 91
11.10 Assessment of structural integrity by load calculations with reference to site-
SPECITIC CONAILIONS ..o e 92
12 Assembly, installation and ereCtion.........c.ce i 93
N € 1=T o= - | TP 93
12,2 PlaNNING ceiiiii i 94
12.3  Installation CONAItIONS ... e e 94
O Y1 = - U o= PPN 94
12.5 Environmental CONAItIONS .. ...iuiiii e 94
2 T B T Tod U 1= 01 = 14 [0 Yo B PP 95
12.7 Receiving, handling and StOrage .......ccou i 95
12.8  Foundation/anChor SYSTEMS ... e 95
12.9  Assembly of Wind tUIDINE ..o 95
12.10 Erection of Wind tUIDINe ... 95
12.11 Fasteners and attaChments .. ... 95
12.12 Cranes, hoists and lifting equUIPMeENt ... 96
13 Commissioning, operation and MaiNtENANCE ........c.iiuiiiiiiii e 96
T N € 1=T o = - | PP 96
13.2 Design requirements for safe operation, inspection and maintenance ................... 96
13.3 Instructions concerning COMMISSIONING ...cuuiuuiiii e e eens 97

13.3.1 GENETAL e 97


https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

IEC 61400-1:2019 RLV © IEC 2019 -5-

13.3.2 BN ErgIZatioN ..o 97
13.3.3 COMMISSIONING LSS ..ttt et e e eaas 97
13.3.4 Yol o] o [P 97
13.3.5 PosSt cOmMmISSIONING ACLIVITIES ...uivniiiiiii e 97
13.4  Operator’'s iNStruCtion MAanUAL ........coiiiii e 98
13.4.1 GENETAL ..t e 98
13.4.2 Instructions for operations and maintenance records ...........cccceeeiiiiiiniineennnn. 98
13.4.3 Instructions for unscheduled automatic shutdown .............cccoooiiiiiiiiincnnnnn. 98
13.4.4 Instructions for diminished reliability ............cccooiiiiiii e, 98
13.4.5 WOrk ProCedures Plan .. ... e 98
13.4.6 Emergency procedures Plan .........ooviiiiiiii e 99
13.5  MaintenanCe ManUAl ... e e 99
0 @0 o o] 172 = | = 100
N C 7= o [ = | F PP 100
14.2 Low temperature and iCing ClIMate .......cc.ovuiiiiii e 100
14.3 External conditions for cold Climate ..........ciiiiiii e 100
14.3.1 (Y =T - | 100
14.3.2 Wind turbine class for cold climate.........cooviiiiiii e 100
144 STUCTUIAL dESIGN .. et ea e e 101
14.5 Design situations and [0A0 CASES .....uiiuiieiiiiiie e 101
14.5.1 General ........... L ALCAL DI LA RBRAAE R .. 101
14.5.2 [0 = Vo o= o U1 F- 1 [0 o 1= 101
14.5.3 Selection of suitable materials ... 102
N I O o) (o] IS} VST (= 1 1 S PP TTPP 102
14.7  MeChANICAl SYStEMIS .. ettt 102
14.8  EIECrCaAl SYSIBIMS o e 102
Annex A (normative) Design parameters for external conditionS........cocoveieiiiiiiiiiiineneeenns 103
Al Design parameters for describing wind turbine class S...........cooi, 103
Al1l GENETAL ..t 103
A.1.2 MaACKHINE PArAMELEIS ..ot ea e 103
A.1.3 WiING CONAILIONS ... e 103
A.l1.4 Electrical network conditions .........c.oiuiiiiii 103
A.1.5 Other environmental conditions (where taken into account) ...............c..c...... 104

A.2 Additional design parameters for describing cold climate wind turbine class
S (€ o) ettt 104

Annex B (informative) Design load cases for special class S wind turbine design or

Site SUItADIlItY @SSESSIMENT ... e e 106
B.1 LT =Y 1= Y 106
B.2 Power production (DLC 1.1 10 1.9) ceuiuiiiiiiiiii e 106
Annex C (informative) Turbulence MOdelS........oouiiiiiiii e 110
C.1 LT =T = 1 PP 110
Cc.2 Mann [3] uniform shear turbulence model ..........cccooiiiiiiiiii i 110
C.3 Kaimal [1] spectrum and exponential coherence model .............ccooiiiiiiiiinininen. 113
C.4 Reference dOCUMENTS ... iii e e 115
Annex D (informative) Assessment of earthquake loading..........ccoooiiiiiiii i 116
D.1 LT =Y 1= Y 116
D.2 DeSign reSPONSE SPECIIUIM ...ttt e et e et e e e eaees 116
D.3 SEIUCTUIE MOAEI ooeieit e e e e e 118

D.4 SeISMIC [0Ad EVAIUALION ...t et e e e aaaas 118



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

-6 - IEC 61400-1:2019 RLV © |IEC 2019

D.5 N0 o 11 o ] o =L (o T U 119
D.6 ReferenCe dOCUMEBNTS ... . 120
Annex E (informative) Wake and wind farm turbulence ... 121
E.1 Wake-effects Added wake turbulence method ... 121
E.2 Dynamic wake meandering model.........oooiiiii i 123
E.2.1 (1Y T=T - | PP 123
E.2.2 WaKE ETFICIT. et 124
E.2.3 V== U a T 1= T o 125
E.2.4 Wake induced tUrbUIENCE..... ..o 126
E.2.5 WaKe SUPEIPOSITION «.veitiiei et e e e e e e e e e eneeens 126
E.2.6 MOAE] SYNTNESIS ...t e 127
E.3 ReferenCe dOCUMEBNTS ... i e 127
Annex F (informative) Prediction of wind distribution for wind turbine sites by measure-
correlate-predict (MCP) MEthOAS ......iviiii e 128
F.1 LT =Y 1= Y 128
F.2 Measure-correlate-predict (MCP) ... e 128
F.3 Application to annual mean wind speed and distribution................ccoocoiiiiiin. 128
F.4 Application to extreme Wind SPEEA .......ovuiiiiiii i 128
F.5 ReferenCe dOCUMEBNES ... e e 129
Annex G (informative) Statistical extrapolation of loads for ultimate strength analysis...... 130
G.1 General.......oooo o LA RAAL W NCGRAANMACRR VALY 132
G.2 Data extraction for eXtrapolation ...........c.oviuiiiiiii e 133
G.3 Load extrapolation Methods ... ... 133
G.3.1 (CT=T 01T =Y PN 133
G.3.2 Global EXIFBIMES .. e 134
G.3.3 LOCAl EXIIBIMES ..ttt 135
G.3.4 Long-term empirical diStribULIONS .....ooviuiiii e 136
G.4 Convergendeceriteriards/iec/3454e370-7ef2-468¢e-2074-7a5¢1c6ch693 106-61400 136
G.4.1 (Y =T - | 136
G.4.2 Load fractile eStimMate ..o 137
G.4.3 CoNfIdENCE DOUNGS ...t e es 137
G.4.4 Confidence intervals based on bootsStrapping......ccocovvviiiiiieiiiiiiiiireieeen, 138
G.4.5 Confidence intervals based on the binomial distribution............................... 138
G.5 Inverse first-order reliability method (IFORM)......cc.oiiiiiiiii e 139
G.6 ReferenCe dOCUMEBNTS ... e e 141
Annex H (informative) Fatigue analysis using Miner’s rule with load extrapolation.............. 143
H.1 FatigUe @nalySiS . ... e 143
H.2 Reference dOCUMENES . ...iiii e e 146
Annex | (informative) Contemporaneous [0adS ........c.ieiiiiiiiii e 148
.1 LT =Y 1= Y 148
1.2 S CAIING e e 149
1.3 N VY =T 1 149
Annex J (informative) Prediction of the extreme wind speed of tropical cyclones by
using Monte Carlo simulation Method ... 150
J.1l LT =Y 1= Y 150
J.2 Prediction of tropical cyclone induced extreme wind speeds .........cccccoveiiiiinennnnn. 150
J.2.1 (Y =T - | 150
J.2.2 Evaluation of tropical cyclone parameters.........coooviiiiiiiiii e 150

J.2.3 Generation of synthetic tropical cyclones..........ccooiiiiiiiiii, 151


https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

IEC 61400-1:2019 RLV © |IEC 2019 -7-

J.2.4 Prediction of wind speeds in the tropical cyclone boundary..............ccocone. 151
J.3 Prediction of extreme wind speed in mixed climate regions...........cccocoevvvieinnennnn. 152
J.3.1 (1Y T=T - | PP 152
J.3.2 Extreme wind distributions of extratropical cyclones by the MCP method..... 152
J.3.3 Extreme wind distributions of tropical cyclones by the MCS method............. 153
J.3.4 Determination of extreme wind speed in a mixed climate region .................. 153
J.4 ReferenCe dOCUMEBNTS ... e 153
Annex K (informative) Calibration of structural material safety factors and structural
design asSISted DY 1ESTING . .u e 155
K.1 Overview and field of appliCatioN. ... ... 155
K.2 Target reliability @Vl ... oo 155
K.3 SaAf LY O MIALS ot 155
K.4 Reliability-based calibration .............coiiii 157
K.5 Calibration using the design value format...........ccooooiiiiiiiiii e, 158
K.6 Partial safety factors for fatigue for welded details in steel structures.................. 158
K.7 Types of tests for MaterialS ......oc.viui e 160
K.8 PlanNiNg Of 18O ..t 160
K.8.1 (1Y T=T - | PP 160
K.8.2 (@] oY [=Toa 11V Z=TSI= Ua Lo JE=T T o - 160
K.8.3 Prediction Of teSt reSUILS ... e 160
K.8.4 Specification of test specimen and sampling........c.coovoviiiiiiii i 161
K.8.5 Loading SPECIfICALIONS ....uiiiiii e 161
K.8.6 I 4] Lo = V=Y e = 0.0 =T 0 161
K.8.7 MBASUIEIMENTS ..ottt ettt ettt ettt et e e e ens 162
K.8.8 Evaluation and reporting the teSt ..o 162
K.9 General principles for statistical evaluations ...........c.coviiiiiiiiii i, 162
K.10 Derivation of characteristic ValUesS.........ccoiuiiiiiiiiii e 163
K.11 Statistical determination of characteristic value for a single property................... 163
K.12 Statistical determination of characteristic value for resistance models................. 164
K.12.1 (1Y T=T - | PP 164
K.12.2 Step 1: Develop a design model ......oooveiiiiiii 165
K.12.3 Step 2: Compare experimental and theoretical values...............c.ccoovvieinn. 165
K.12.4 Step 3: Estimate the mean value correction factor (bias) b...........ccocoeevennnnn. 166
K.12.5 Step 4: Estimate the coefficient of variation of the errors ............ccoocoieeenn. 166
K.12.6 Step 5: Analyse compatibDility .......coouviiiiii 167
K.12.7  Step 6: Determine the coefficients of variation Vyj of the basic variables.....167
K.12.8  Step 7: Determine the characteristic value ri of the resistance................... 167
K.13 Reference dOCUMENES . ... it ea e 169
Annex L (informative) Cold climate: assessment and effects of icing climate...................... 170
L.1 Assessment of icing climate CoONAItiONS .. ......veuiiiiii e 170
L.1.1 (7= LT =Y PPN 170
L.1.2 ICING CHIMATE .ot e e 170
L.1.3 0] (o T o 171
L.1.4 Measurement MEethOdS ... ... e 172
L.1.5 Profile coefficients modification for ice..........coooiiiii 172
L.2 Ice mass effects on wind turbine blades..........coooiiiiiiiii 173
L.3 Cold climate design situations and l0ad CaSe ........ccoviuiiiiiiiiiiiii e 174
L.3.1 (=T LT =Y PPN 174
L.3.2 Power production (DLC 1.1 10 1.6) ceuuiuuiiniiii e eas 174



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

-8- IEC 61400-1:2019 RLV © |IEC 2019

L.3.3 Parked (standstill or idling) (DLC 6.1 10 6.5) ....cvviiviiniiiiiieiei e 174
L.3.4 Parked and fault conditions (DLC 7.1) .i.uiuiiniiiiiiieie e 174

L.4 Cold climate load calCulationS ...... ..o 174
L.5 Reference documents and bibliography ......cccooeiiii i 175
Annex M (informative) Medium wind turbines ... 176
M.1 (O 1 =T VT PP 176
M.2 EXternal CONAItIONS .....ouii e e e 176
M.2.1 (Y =T - | 176
M.2.2 WING SNEAT .. 176

M.3 Assembly, installation and erecCtion .........coovii i 176
M.4 Commissioning, operation and MaiNtENANCE .........couiiiiiiiiiiiiee e 177
M.5 DOCUMEBNTATION ...ttt et 178
L2711 oo = Y o 1 V2% 180

Figure 1 — Turbulence standard deviation and turbulence intensity for the normal

TUrBUIENCE MOAEI (NTIM) i e e e e e e e e e e et e e e e e e e e eaeeaeens 35
Figure 2 — Example of extreme operating gUSE ........oviiiiiii e 37
Figure 3 — Example of extreme direction change magnitude............c..ccoovvviiiiiiiii i 38
Figure 4 — Example of extreme direction change transient ..........ccocooiiiiiiiiii e, 38
Figure 5 — Example of extreme coherent gust amplitude for ECD........occoviviiiiiiiiiiiiceee, 39
Figure 6 — Direction change fOr ECD .. ..c.iiuiiii e e e 40
Figure 7 — Example of direction change transient..........coooiiiiiiii e 40
Figure 8 — Examples of extreme positive and negative vertical wind shear, wind profile

before onset (t = 0, dashed line) and at maximum shear (t =6 s, full line)............................. 41
Figure 9 — Example of wind speeds at rotor top and bottom, respectively, which

illustrate the transient positive Wind Shear...........ooo i 41
Figure 10 — Examples of 30° sectors for fitting the terrain data ............ccooovviiiiiiiiin e, 81
Figure 11 — Terrain variation (Az) and terrain Slope (0) ....ocvveiiiiiii i 81
Figure 12 — Possible combinations of normalized mean wind speed and Weibull shape
parameter K (SNAUEU @rEa) .....vu it et e e 91
Figure D.1 — Structure model for response spectrum method ............ccoeiviiiiiiii i 118
Figure E.1 — Configuration — Inside a wind farm with more than 2 rows.............ccoovviiieanne. 123
Figure E.2 — The three fundamental parts of the DWM model ... 124
Figure KL —rg-rt idgram .. ... 166
Figure L.1 — Definition of meteorological icing and rotor iCiNgG .........coccovviiiiiiniiiiiiieeeeene, 171
Figure L.2 — Representative ice affected rotor area as defined by rotor icing height........... 172
Figure L.3 — Iced airfoil lift and drag penalty factors........cooooeiiiiiii 173
TobleTosdeesmslonp i ndiendb s
Table 1 — Basic parameters for wind turbine Class .........oooooeiiiiii e 31
Table 2 — Design 1080 CASES (DL C) ..ttt 46
Table 3 — Partial safety factors for 10ads pf ..........ccooeeviiiiiiiiiiiiii 58
Table 4 — Minimum safety factor Sy min and Sg pin for the yaw gear system ...................... 70

Table 5 — Threshold values of the terrain complexity categories L, Mand H.......................... 83


https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

IEC 61400-1:2019 RLV © |IEC 2019 -9-

Table 6 — Values of lateral and vertical turbulence standard deviations relative to the

longitudinal component depending on terrain complexity category L, Mand H ..................... 83
Table 7 — Values of turbulence structure correction parameter depending on terrain
complexity category L, M and H ... 84
Table A.1 — Design parameters for describing cold climate wind turbine class S (CC-S) ..... 105
Table B.1 — DeSIgN [0A0 CASES....uiiiiiiiiiii ettt e e e e 107
Table C.1 — Turbulence spectral parameters for the Kaimal model..............coooiiin. 114
Table E.1 — Number (N) of neighbouring wind turbines ..o, 122
Table G.1 — Parameters needed to establish binomial-based confidence intervals ............. 139
Table G.2 — Short-term load exceedance probabilities as a function of hub-height wind

speed for different wind turbine classes for use with the IFORM procedure........................ 141
Table 1.1 — EXtreme 108diNg MaTFiX......couiiiiiii e e et et e enees 148
Table K.1 — Partial safety factor for model uncertainty, ys ............ccccoiiiii . 158
Table K.2 — Recommended values for partial safety factor for fatigue strength, mf............ 159
Table K.3 — Recommended partial safety factor for fatigue stresses, yrf.........ccccvvvviiiennnnnn. 160
Table K.4 — Values of ky for the 5 % characteristic value ................ccciiiii, 164
Table L.1 — Cold climate design [0a0d CASES ....cc.iiuiiiiiiiei e e 174

Table L.2 — Blade ice mass and airfoil penalty factors used in different analysis types........ 175



https://standards.iteh.ai/catalog/standards/iec/3454e370-7ef2-468e-a074-7a5c1c6cb693/iec-61400-1-2019

1)

- 10 - IEC 61400-1:2019 RLV © IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND-TURBINES ENERGY GENERATION SYSTEMS -
Part 1: Design requirements

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.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61400-1 has been prepared by IEC technical committee 88: Wind
energy generation systems.

This fourth edition cancels and replaces the third edition published in 2005 and
Amendment 1:2010. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) general update and clarification of references and requirements;

b) extension of wind turbine classes to allow for tropical cyclones and high turbulence;

c) Weibull distribution of turbulence standard deviation for normal turbulence model (NTM);
d) updated design load cases (DLCs), in particular DLC 2.1 and 2.2;

e) revision of partial safety factor specifications;

f) major revision of Clauses 8, 10 and 11;

g) introduction of cold climate requirements, Clause 14;

h) new Annex B on design load cases for site-specific or special class S wind turbine design
or site suitability assessment;

i) new Annex J on prediction of the extreme wind speed of tropical cyclones by using Monte
Carlo simulation method;

i) new Annex K on calibration of structural material safety factors and structural design
assisted by testing;

k) new Annex L on assessment and effects of icing climate;
) new Annex M on medium wind turbines.

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

FDIS Report on voting

88/696/FDIS 88/701/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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 publication 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.

The contents of the corrigendum of September 2019 have been included in this copy.
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