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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 27-1: Electrical simulation models —
Wind turbines

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

interested IEC National Committees.

IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonab re that the technical content of IEC
Publications is accurate, IEC cannot be held™respogsible fox the way in which they are used or for any
misinterpretation by any end user.

In order to promote internatiopal uniformit & NationaNCommi icati
transparently to the maxinum ‘e ible in ir natipnal and regional publications. Any divergence

between any IEC Publication\and the gnding nationalor regional publication shall be clearly indicated in

the latter.

IEC itself does nof _provide t confQrmity. Independent certification bodies provide conformity
assessment sery i 3 6 IEC marks of conformity. IEC is not responsible for any
services carried 0

No liability shall gttac direcfors, employees, servants or agents including individual experts and
members of itg_technical co IEC National Committees for any personal injury, property damage or
other damage ofa whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses aNsing oOu ation, use of, or reliance upon, this IEC Publication or any other IEC

AttentionN Y ) ative references cited in this publication. Use of the referenced publications is
indispensab ef application of this publication.
Attention is drawr 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 61400-27-1 has been prepared IEC Technical Committee 88: Wind
turbines.

The text of this draft is based on the following documents:

Enquiry draft Report on voting
88/510/FDIS 88/529/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 61400 series, published under the general title Wind turbines, can
be found on the IEC website.

The committee has decided that the contents of this publication 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this puklic Wicates
that it contains colours which are considered to e correct
understanding of its contents. Users should therefore pxint t t using a

colour printer. <\

>
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INTRODUCTION

The IEC 61400-27 series specifies standard dynamic electrical simulation models for wind
power generation. IEC 61400-27-1 specifies wind turbine models and model validation
procedure. IEC 61400-27-2 will specify wind power plant models and model validation
procedure.

The increasing penetration of wind energy in power systems implies that Transmission
System Operators (TSOs) and Distribution System Operators (DSOs) need to use dynamic
models of wind power generation for power system stability studies. The models developed by
the wind turbine manufacturers reproduce the behaviour of their machines with a high level of
detail. Such level of detail is not suitable for stability studies of large power systems with a
huge number of wind power plants, firstly because the high level of (detailN\increases the
complexity and thus computer time dramatically, and secondly beca of detailed
manufacturer specific models requires a substantial amount of inpt{ sent the
individual wind turbine types.

power system stability studies. The IEEE/CIGRE Joint 3 ability Terms and
Definitions has classified power system stability in categori i ie

| DN |
Rotor Angle Fwé\ Voltage
ity

Stability tabl Stability

SN ~ |
| [\ | | |
Small-Disturbapege TQ%E%M\ Large-Disturbance Small-Disturbance
Angle Stab@\ Stabilit Voltage Stability Voltage Stability
ERVANN \> | |
AN | | ] | |
Short Term Long Term
[
|Short Term| |Long Term|
© IEEE 2004
IEC

Figure 1 — Classifi¢ation of power system stability according to IEEE/CIGRE Joint Task
Force on Stability Terms and Definitions

Referring to these categories, the models are developed to represent wind power generation
in studies of large-disturbance short term voltage stability phenomena, but they will also be
applicable to study other dynamic short term phenomena such as rotor angle stability,
frequency stability and small-disturbance voltage stability. Thus, the models are applicable for
dynamic simulations of power system events such as short-circuits (low voltage ride through),
loss of generation or loads, and system separation of one synchronous area into more
synchronous areas as specified in the scope.

The models have to be complete enough to represent the dynamic behaviour at the wind
turbine terminals, but must also be suitable for large-scale grid studies. Therefore simplified
wind turbine models are specified to perform the typical response of known wind turbine
technologies.
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The wind turbine models specified in this standard are for fundamental frequency positive
sequence responsel. The models have the following limitations:
— The models are not intended for long term stability analysis.
— The models are not intended for investigation of sub-synchronous interaction phenomena.

— The models are not intended for investigation of the fluctuations originating from wind
speed variability in time and space. This implies that the models do not include
phenomena such as turbulence, tower shadow, wind shear and wakes.

— The models do not cover phenomena such as harmonics, flicker or any other EMC
emissions included in the IEC 61000 series.

— The models have not been developed explicitly with eigenvalue calculation (for small
signal stability) in mind?2.

— The models specified here apply onIy to wmd turbines, and therefgre®deo—+ot |clude wind

the wind power plant controller models in IEC 61400-27-2.

— This standard does not address the specifics of short-cire

ements to model accuracy. It only

specifies measures to gl odel3
— The validation progceduxe dges not 5t and measurement procedures, as it is
based on tests specified |

— The simulatig o9 i i ot intended to justify compliance to any grid code
requirement, Qowe i i S i i ion.
— The test and mea és introduce errors which limit the possible accuracy

does not include steady state validation, but focuses on

— TSOs and DSOs aye end users of the models, performing power system stability studies
as part of the planhing as well as the operation of the power systems.

— Wind plant owners are typically responsible to provide the wind power plant models to
TSO and/or DSO prior to plant commissioning.

— wind turbine manufacturers will typically provide the wind turbine models to the owner.

1 This standard is dealing with balanced as well as unbalanced faults, but for unbalanced faults, only the positive
sequence components are specified.

2 These wind generation systems are highly non-linear and simplifications have been made in the development of
the proposed models. Thus, linearisation for eigenvalue analysis is not trivial nor necessarily appropriate based
on these simplified models.

3 Clause 6 specifies a large number of measures for model accuracy. The importance of the individual measure
depends on the type of grid and type of stability study. Annex B describes limits to the possible accuracy of the
models.
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— Developers of modern software for power system simulation tools will use the standard to
implement standard wind power models as part of the software library.

— Certification bodies in case of independent wind turbine model validation.

— Education and research communities, who can also benefit from the generic models, as
the manufacturer specific models are typically confidential.

@%
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