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f) determine the expected number of lifetime cycles in each bin using the data when the load
bin is below the threshold and the fitted load distribution when the load bin is above the
threshold. This results in

m, if S, is below the j" threshold
‘ (G.12)

’ Lifetime
n, = P
Jk [ T ) J M/. (F[Sk +ﬂ
: 2

V/.,TJ—F[Sk —ATS’ij,Tjj if S, is above the j" threshold

where m is the number of simulation fatigue cycles counted in the data for the ;th wind

speed bin and kth load bin below the threshold, Mj is the number of fatigue cycles counted

{52 45

2, 2,

ave

in the simulation above the threshold, and Pj =e —e is the fraction of

time the wind speed is in bin j for the assumed Rayleigh wind speed distribution.
1) Sum the damage using the left hand side of equation (G.9).
2) Sum the total lifetime damage from all fatigue load cases.

In using this procedure, care must be taken that

a) the resolution of the wind speed and load range bins is sufficient for the desired numerical
precision, and

b) sufficiently large values of load range are used to adequately represent the tail of the long-
term load distribution.

The first issue may be addressed by approximating the error as half the difference between
results computed by two different bin resolutions skipping data from every other wind speed or
load range. An alternative would be to compute the damage summation using the endpoints for
the bin values instead of the central values to bound the result.

The second issue may be addressed by progressively increasing the highest load range bin
value until a negligible increase in the lifetime damage is observed. Note because the ratio
Lifetime

T
largest cycle observed in the simulation data. This results because the total simulated load
time history is much smaller than the turbine lifetime, and statistical extrapolation is required to
accurately estimate damage from the tail of the long-term load distribution.

is a large number, the largest required load bin may be significantly larger than the
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Annex H
(informative)

Contemporaneous loads

H.1 General

Detailed structural analyses of wind turbine components commonly use a finite element or
other suitable model for determination of the local stress or strain resulting from the loading
applied to the component. Such analyses often define a suitable interface plane where the
applied loads are acting (e.g. the yaw bearing interface, defining the tower top loading). In this
case, there are six load components defining the boundary conditions for loading, three forces,
F,, F,, and F,, and three moments, M,, M,, and M.. For convenience here, the x, y axes are
taken to be in the loading plane and the z axis normal to the plane. To describe the extreme
loading situations, a load matrix is often defined as shown in Table H.1.

Table H.1 — Extreme loading matrix

Fo|F, | F, | M, | M, | M, | Fg| 6| My | 6,

Max.
Min.

Max.
Min.

Max.
Min.

Max.
Min.

Max.
Min.

Max.
Min.

Max.

Max.

In this table, each column represents a load component value delineated by the heading at the
top. Each row represents contemporaneous values (i.e. all values occurring at the same time)
and the shaded cell shows the specific component that has either a maximum or minimum
value as indicated on the left. These maximum and minimum values are intended to cover the
full range of values for that particular load component. The detailed structural model is then
exercised using each of the rows to determine resulting local stress or strain values, which are
compared to an appropriate failure criterion. When the structural stiffness and strength in
response to loading in the plane is similar for the different loading directions, the most extreme
loading can result when both x and y components are large in magnitude but not at their very
largest values. Thus, the in-plane vector resultant values are also displayed in the additional
columns on the right and the rows at the bottom. These in-plane resultants are defined as
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Fp=yF2+F7 and Mp=M2?+M? (H.1)

The angular directions of these resultants are also defined as

Or =arctan(Fx /Fy) and 6y, = arctan(Mx /My) (H.2)

The values in the table are determined by post-processing analysis of the time series for the
six load components determined as the outputs from the complete wind turbine dynamic
simulation code. In this analysis, the time series are searched for the maximum and minimum
values for each component as well as the maxima for the resultants. The contemporaneous
values associated with each of these corresponding time points are then inserted in the rows of
the table. Each of the load cases defined in Clause 7 are analyzed in this way and the most
extreme loading in each row from the different load cases is then used to define an overall
loads envelope for that part of the wind turbine.

In the following, two approaches are given. Note that caution should be exercised in order to
obtain conservative contemporaneous loads.

H.2 Scaling

The approach comprises the following steps.
e For each cross section and load component one bin of the considered load case delivers
the maximum characteristic load.

e A time series from this bin being close with its maximum within £ 5 % to this characteristic
load is selected.

e The maximum of this time series is scaled to the characteristic load. The obtained scaling
factor is then also applied to all contemporaneous load components to this selected
maximum of this time series.

e For each load component one load case series is obtained to be used for extreme design
load analysis.

e For minimum values the procedure is applied accordingly.
H.3 Averaging

The approach comprises the following steps.

e For a load case consisting of more than one realisation the ultimate positive load is
calculated as the mean of the maximum of each realisation.

e Contemporaneous loads are calculated as the mean of the absolute contemporaneous
values of each realisation. Signs on the contemporaneous loads are applied in accordance
with the signs of the contemporaneous loads of the realisation with the highest load.

e The ultimate negative load is calculated as the mean of the minimum of each realisation.
Contemporaneous loads are calculated in the same manner as in the positive case.

e The ultimate absolute load is taken as the maximum of the absolute values of the means of
the maximum and means of the minimum loads described above with corresponding
contemporaneous values.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

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 Consolidated version of IEC 61400-1 bears the edition number 3.1. It consists of the
third edition (2005-08) [documents 88/228/FDIS and 88/232/RVD] and its amendment 1
(2010-10) [documents 88/374/FDIS and 88/378/RVD]. The technical content is identical to
the base edition and its amendment.

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.

This publication has been prepared for user convenience.
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International Standard IEC 61400-1 has been prepared by IEC technical committee 88: Wind
turbines.

The main changes with respect to the previous edition are listed below:
— the title has been changed to “Design requirements” in order to reflect that the standard
presents safety requirements rather than requirements for safety or protection of personnel;

— wind turbine class designations have been adjusted and now refer to reference wind speed
and expected value of turbulence intensities only;

— turbulence models have been expanded and include an extreme turbulence model,;
— gust models have been adjusted and simplified;
— design load cases have been rearranged and amended,;

— the inclusion of turbulence simulations in the load calculations is emphasised and a scheme
for extreme load extrapolation has been specified;

— the partial safety factors for loads have been adjusted and simplified;

— the partial safety factors for materials have been amended and specified in terms of
material types and component classes;

— the requirements for the control and protection system have been amended and clarified in
terms of functional characteristics;

— a new clause on assessment of structural and electrical compatibility has been introduced
with detailed requirements for assessment, including information on complex terrain,
earthquakes and wind farm wake effects.

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

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

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch” in the data related to the specific publication. At this date, the
publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
* amended.
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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 standard 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 standard does not relieve any person, organization, or corporation from the responsibility
of observing other applicable regulations.

The standard is not intended to give requirements for wind turbines installed offshore, in
particular for the support structure. A future document dealing with offshore installations is
under consideration.
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