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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINE GENERATOR SYSTEMS -

Part 21: Measurement and assessment of power quality characteristics
of grid connected wind turbines

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the 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, the IEC publishes International Standards. 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. The 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 the 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 National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

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

International Standard IEC 61400-21 has been prepared by IEC technical committee 88: Wind
turbine systems.

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

FDIS Report on voting
88/144/FDIS 88/150/RVD

Full information on the voting for the approval of this standard 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 3.

Annexes A and B are for information only.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.
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INTRODUCTION

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency and accuracy in the measurement and assessment of power quality characteristics
of grid connected wind turbines (WTs). In this respect the term power quality includes those
electric characteristics of the WT that influence the voltage quality of the grid to which the WT
is connected. The standard has been prepared with the anticipation that it would be applied by:

« the WT manufacturer striving to meet well-defined power quality characteristics;
« the WT purchaser in specifying such power quality characteristics;

« the WT operator who may be required to verify that stated, or required power quality
characteristics are met;

« the WT planner or regulator who must be able to accurately and fairly determine the impact
of a WT on the voltage quality to ensure that the installation is designed so that voltage
quality requirements are respected;

« the WT certification authority or component testing organization in evaluating the power
quality characteristics of the wind turbine type;

- the planner or regulator of the electric network who must be able to determine the grid
connection required for a WT.

This standard provides recommendations for preparing the measurements and assessment
of power quality characteristics of grid connected WTs. The standard will benefit those
parties involved in the manufacture, installation planning, obtaining of permission, operation,
utilization, testing and regulation of WTs. The measurement and analysis techniques
recommended in this standard should be applied by all parties to ensure that the continuing
development and operation of WTs are carried out in an atmosphere of consistent and
accurate communication.

This standard presents measurement and analysis procedures expected to provide consistent
results that can be replicated by others.
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WIND TURBINE GENERATOR SYSTEMS -

Part 21: Measurement and assessment of power quality characteristics
of grid connected wind turbines

1 Scope

This part of IEC 61400 includes:

« definition and specification of the quantities to be determined for characterizing the power
quality of a grid connected wind turbine;

* measurement procedures for quantifying the characteristics;

e procedures for assessing compliance with power quality requirements, including estimation
of the power quality expected from the wind turbine type when deployed at a specific site,
possibly in groups.

The measurement procedures are valid for single wind turbines with a three-phase grid
connection, and as long as the wind turbine is not operated to actively control the frequency or
voltage at any location in the network. The measurement procedures are valid for any size of
wind turbine, though this standard only requires wind turbine types intended for PCC at MV or
HV to be tested and characterized as specified in this standard.

The measured characteristics are valid for the specific configuration of the assessed wind
turbine only. Other configurations, including altered control parameters that cause the wind
turbine to behave differently with respect to power quality, require separate assessment.

The measurement procedures are designed to be as non-site-specific as possible, so that
power quality characteristics measured at for example a test site can be considered valid also
at other sites.

The procedures for assessing compliance with power quality requirements are valid for wind
turbines with PCC at MV or HV in power systems with fixed frequency within +1 Hz, and
sufficient active and reactive power regulation capabilities and sufficient load to absorb the
wind power production. In other cases, the principles for assessing compliance with power
quality requirements may still be used as a guide.

NOTE 1 This standard uses the following terms for system voltage:
— low voltage (LV) refers to U, < 1 kV;

— medium voltage (MV) refers to 1 kV < U, < 35 kV;

— high voltage (HV) refers to U, > 35 kV.

NOTE 2 The issue of interharmonics is not addressed in this standard, though it is under consideration awaiting
proper measurement and assessment procedures to be established by the appropriate IEC committee.
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2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 61400. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 61400 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance
IEC 60044-1, Instrument transformers — Part 1: Current transformers

IEC 60050(161), International Electrotechnical Vocabulary (IEV) — Chapter 161: Electro-
magnetic compatibility

IEC 60050(393), International Electrotechnical Vocabulary (IEV) — Chapter 393: Nuclear
instrumentation: Physical phenomena and basic concepts

IEC 60050(415), International Electrotechnical Vocabulary (IEV) — Chapter 415: Wind turbine
generator systems

IEC 60186, Voltage transformers
Amendment 1 (1988)
Amendment 2 (1995)

IEC 60688, Electrical measuring transducers for converting a.c. electrical quantities to
analogue or digital signals

IEC 61000-4-7, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 7: General guide on harmonics and interharmonics measurements and
instrumentation, for power supply systems and equipment connected thereto

IEC 61000-4-15, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 15: Flickermeter — Functional and design specifications

IEC 61800-3, Adjustable speed electrical power drive systems — Part 3: EMC product standard
including specific test methods





