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WIND ENERGY GENERATION SYSTEMS -
Part 1: Design requirements

INTERPRETATION SHEET 1

This interpretation sheet has been prepared by IEC technical committee 88: Wind energy
generation systems.

The text of this interpretation sheet is based on the following documents:

DISH Report on voting
88/1065/DISH 88/1078/RVDISH

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

Question 1:

Subclause 6.4.2 mentions normal other environmental conditions that shall be taken into
account and, specifically speaking, an ambient temperature range of —10 °C to +40 °C. Does
this mean that the wind turbines shall be designed to operate at rated power up to 40 °C on the
maximum limit, or does it mean that the wind turbine can be designed to operate at any
maximum temperature limit below 40 °C, let's assume 35 °C or 32 °C, etc. ?

Answer 1:

The standard requires that turbines designed to one of the design classes stated in Table 1 in
Subclause 6.2 be capable of operating and generating at temperatures up to +40 °C. There is
no requirement that the turbine shall generate maximum rated power at +40 °C.

ICS 27.180
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND 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.

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)
b)
c)
d)
e)
f)

general update and clarification of references and requirements;

extension of wind turbine classes to allow for tropical cyclones and high turbulence;
Weibull distribution of turbulence standard deviation for normal turbulence model (NTM);
updated design load cases (DLCs), in particular DLC 2.1 and 2.2;

revision of partial safety factor specifications;

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

j) 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.

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.

The contents of the corrigendum of September 2019 and the Interpretation Sheet 1
(2025-02) have been included in this copy.

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.
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INTRODUCTION

This part of IEC 61400 outlines minimum design requirements for wind turbines and is not
intended for use as a complete design specification or instruction manual.

Any of the requirements of this document may be altered if it can be suitably demonstrated
that the safety of the system is not compromised. This provision, however, does not apply to
the classification and the associated definitions of external conditions in Clause 6.
Compliance with this document does not relieve any person, organization, or corporation from
the responsibility of observing other applicable regulations.

This document is not intended to give requirements for wind turbines installed offshore, in
particular for the support structure. For offshore installations, reference is made to the
IEC 61400-3 series.
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WIND ENERGY GENERATION SYSTEMS -

Part 1: Design requirements

1 Scope

This part of IEC 61400 specifies essential design requirements to ensure the structural
integrity of wind turbines. Its purpose is to provide an appropriate level of protection against
damage from all hazards during the planned lifetime.

This document is concerned with all subsystems of wind turbines such as control and
protection functions, internal electrical systems, mechanical systems and support structures.

This document applies to wind turbines of all sizes. For small wind turbines, IEC 61400-2 can
be applied. IEC 61400-3-1 provides additional requirements to offshore wind turbine
installations.

This document is intended to be used together with the appropriate IEC and ISO standards
mentioned in Clause 2.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60034 (all parts), Rotating electrical machines

IEC 60038, IEC standard voltages

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 60071-2, Insulation co-ordination — Part 2: Application guidelines

IEC 60076 (all parts), Power transformers

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1. General
requirements

IEC 60204-11:2000, Safety of machinery — Electrical equipment of machines — Part 11:
Requirements for HV equipment for voltages above 1 000 V AC or 1 500 V DC and not
exceeding 36 kV

IEC 60364 (all parts), Low voltage electrical installations
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests
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IEC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Use
of coating, potting or moulding for protection against pollution

IEC 60721 (all parts), Classification of environmental conditions

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards -
Immunity standard for industrial environments

IEC 61400-3, Wind turbines — Part 3: Design requirements for offshore wind turbines
IEC 61400-4, Wind Turbines — Part 4: Design requirements for wind turbine gearboxes
IEC 61400-24, Wind turbines — Part 24: Lightning protection

IEC 61439 (all parts), Low-voltage switchgear and controlgear assemblies

IEC 61800-4, Adjustable speed electrical power drive systems — Part 4: General requirements
— Rating specifications for AC power drive systems above 1 000 V AC and not exceeding
35 kv

IEC 61800-5-1, Adjustable speed electrical power drive systems — Part 5-1: Safety
requirements — Electrical, thermal and energy

IEC 62271 (all parts), High-voltage switchgear and controlgear

IEC 62305-3, Protection against lightning — Part 3: Physical damage to structures and life
hazard

IEC 62305-4, Protection against lightning — Part 4: Electrical and electronic systems within
structures

IEC 62477-1:2012, Safety requirements for power electronic converter systems and
equipment — Part 1: General

ISO 76, Rolling bearings — Static load ratings

ISO 281, Rolling bearings — Dynamic load ratings and rating life
ISO 2394, General principles on reliability for structures

ISO 2533, Standard Atmosphere

ISO 4354, Wind actions on structures

ISO 6336-2, Calculation of load capacity of spur and helical gears — Part 2: Calculation of
surface durability (pitting)

ISO 6336-3:2006, Calculation of load capacity of spur and helical gears — Part 3: Calculation
of tooth bending strength

ISO 12494:2001, Atmospheric icing on structures

ISO 13850, Safety of machinery — Emergency stop function — Principles for design


http://www.iso.ch/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=7472&ICS1=7&ICS2=60&ICS3=
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ISO/TS 16281, Rolling bearings — Methods for calculating the modified reference rating life for
universally loaded bearings


http://www.iso.org/obp
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SYSTEMES DE GENERATION D'ENERGIE EOLIENNE -

Partie 1: Exigences de conception

FEUILLE D'INTERPRETATION 1

Cette feuille d’interprétation a été établie par le comité d'études 88 de I'lEC: Systémes de
génération d'énergie éolienne.

Le texte de cette feuille d’interprétation est issu des documents suivants:

DISH Rapport de vote

88/1065/DISH 88/1078/RVDISH

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette feuille d’interprétation.

Question 1:

Le Paragraphe 6.4.2 mentionne d'autres conditions d’environnement normales qui doivent étre
prises en compte et, en ce qui concerne plus particulierement la température, il est mentionné
une plage de températures ambiantes comprise entre —10 °C to +40 °C. Cela signifie-t-il que
les éoliennes doivent étre congues pour fonctionner a la puissance assignée jusqu'a 40 °C a la
limite maximale, ou que I'éolienne peut étre congue pour fonctionner a n'importe quelle limite
de température maximale inférieure a 40 °C, soit par exemple 35 °C or 32 °C, etc.,. ?

Réponse 1:

La norme exige que les éoliennes congues selon 'une des classes de conception énoncées
dans le Tableau 1 du Paragraphe 6.2 soient en mesure de fonctionner et produire a des
températures allant jusqu'a +40 °C. Aucune exigence ne stipule que I'éolienne doive générer
une puissance assignée maximale a +40 °C.
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de l'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
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Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
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Systémes de génération d'énergie éolienne.
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INTRODUCTION

Cette partie de I'lEC 61400 expose les exigences minimales de conception des éoliennes et
n'est pas destinée a servir de spécification intégrale de conception ou de manuel
d'instruction.

Toute exigence du présent document peut étre modifiée s’il peut étre démontré de maniéere
adéquate que la sécurité du systéme n’est pas compromise. Cette disposition, cependant, ne
s’applique pas a la classification et aux définitions associées des conditions externes de
I'Article 6. La conformité au présent document ne dégage pas toute personne, organisation ou
personne morale de sa responsabilité d’observer d’autres réglementations applicables.

Le présent document n'est pas destiné a donner des exigences pour les éoliennes installées
en pleine mer, en particulier pour la structure de support. Pour les installations en pleine mer,
il est fait référence a la série IEC 61400-3.
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SYSTEMES DE GENERATION D'ENERGIE EOLIENNE -

Partie 1: Exigences de conception

1 Domaine d’application

La présente partie de I'lEC 61400 spécifie les exigences de conception essentielles pour
assurer l'intégrité structurelle des éoliennes. Elle a pour objet de fournir un niveau de
protection approprié contre les dommages causés par tous les dangers pendant la durée de
vie prévue.

Le présent document concerne tous les sous-systémes des éoliennes tels que les fonctions
de commande et de protection, les systémes électriques internes, les systémes mécaniques
et les structures de support.

Le présent document s'applique aux éoliennes de toutes dimensions. Pour les petites
éoliennes, [I'IEC 61400-2 peut s’appliquer. L'IEC 61400-3-1 donne les exigences
supplémentaires relatives aux installations d'éoliennes en pleine mer.

Le présent document est destiné a étre utilisé avec les normes IEC et ISO appropriées
mentionnées a I'Article 2.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60034 (toutes les parties), Machines électriques tournantes
IEC 60038, Tensions normales de la CEIl
IEC 60071-1, Coordination de l'isolement — Partie 1: Définitions, principes et régles

IEC 60071-2, Coordination de l'isolement — Partie 2: Lignes directrices en matiere
d'application

IEC 60076 (toutes les parties), Transformateurs de puissance

IEC 60204-1, Sécurité des machines — Equipement électrique des machines — Partie 1:
Exigences générales

IEC 60204-11:2000, Sécurité des machines — Equipement électrique des machines —
Partie 11: Prescriptions pour les équipements HT fonctionnant a des tensions supérieures
a 1000 Vc.a.ou1500Vc.c. et nedépassant pas 36 kV

IEC 60364 (toutes les parties), Installations électriques a basse tension

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)
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IEC 60664-1, Coordination de I'isolement des matériels dans les systémes (réseaux) a basse
tension - Partie 1: Principes, exigences et essais

IEC 60664-3, Coordination de I'isolement des matériels dans les systemes (réseaux) a basse
tension - Partie 3: Utilisation de revétement, d'empotage ou de moulage pour la protection
contre la pollution

IEC 60721 (toutes les parties), Classification des conditions d'environnement

IEC 61000-6-2, Compatibilité électromagnétique (CEM) — Partie 6-2: Normes génériques —
Norme d’immunité pour les environnements industriels

IEC 61400-3, Wind turbines - Part 3 : design requirements for offshore wind turbines
(disponible en anglais seulement)

IEC 61400-4, Wind Turbines — Part 4: Design requirements for wind turbine gearboxes
(disponible en anglais seulement)

IEC 61400-24, Wind turbines — Part 24: Lightning protection (disponible en anglais seulement)
IEC 61439 (toutes les parties), Ensembles d'appareillage a basse tension

IEC 61800-4, Entrainements électriques de puissance a vitesse variable — Partie 4:
Exigences générales - Spécifications de dimensionnement pour systémes d'entrainements de
puissance en courant alternatif de tension supérieure a 1 000 V alternatif et ne dépassant
pas 35 kV

IEC 61800-5-1, Entrainements électriques de puissance a vitesse variable — Partie 5-1:
Exigences de sécurité - Electrique, thermique et énergétique

IEC 62271 (toutes les parties), Appareillage a haute tension

IEC 62305-3, Protection against lightning — Part 3: Physical damage to structures and life
hazard (disponible en anglais seulement)

IEC 62305-4, Protection against lightning — Part 4: Electrical and electronic systems within
structures (disponible en anglais seulement)

IEC 62477-1:2012, Exigences de sécurité applicables aux systémes et matériels
électroniques de conversion de puissance - Partie 1: Généralités

ISO 76, Roulements — Charges statiques de base

ISO 281, Roulements — Charges dynamiques de base et durée nominale
ISO 2394, Principes généraux de la fiabilité des constructions

ISO 2533, Atmosphere Type

ISO 4354, Actions du vent sur les structures

ISO 6336-2, Calcul de la capacité de charge des engrenages cylindriques a dentures droite et
hélicoidale - Partie 2: Calcul de la résistance a la pression de contact (piqlre).

ISO 6336-3:2006, Calcul de la capacité de charge des engrenages cylindriques a dentures
droite et hélicoidale - Partie 3: Calcul de la résistance a la flexion en pied de dent


http://www.iso.ch/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=7472&ICS1=7&ICS2=60&ICS3=
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ISO 12494:2001, Charges sur les structures dues a la glace
ISO 13850, Sécurité des machines - Fonction d'arrét d'urgence - Principes de conception

ISO/TS 16281, Roulements - Méthodes de calcul de la durée nominale de référence corrigée
pour les roulements chargés universellement
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