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9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 6: Reactors

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, JEC National ,Committees undertake to apply IEC Publications
transparently to the maximum exient 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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to’be in'conformity‘with-an-1EC 'Publication:

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 60076-6 has been prepared by IEC technical committee 14: Power
Transformers.

This first edition of IEC 60076-6 cancels and replaces the second edition of IEC 60289
published in 1988. This first edition constitutes a technical revision.

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

wide extension of the “Definitions”, “Rating” and “Tests” Clauses,
more consequent distinction between definition and rating,
“Tests” subclauses take into account the latest revisions of relevant IEC 60076 standards,

dielectric testing of reactors is now in line with dielectric testing of transformer according
IEC 60076-3:2000,

consequent distinction between oil-immersed and dry-type reactor,

document offers an easier handling and is a more stand-alone document than IEC 60289,
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e introduction of the discharge reactor as part of Clause 9,
e introduction of the turn-to-turn overvoltage test for dry-type reactors (Annex E),
e important background information given by newly introduced informative annexes,

— ANNEX A (informative) — Information on shunt reactor switching and on special
applications

— ANNEX B (informative) — Magnetic characteristic of reactors

— ANNEX C (informative) — Mutual reactance, coupling factor and equivalent reactances
of three-phase reactors

— ANNEX D (informative) — Temperature correction of losses for liquid-immersed
gapped-core and magnetically shielded air-core reactors

— ANNEX F (informative) — Short-circuit testing
— ANNEX G (informative) — Resistors — Characteristics, Specification, Tests

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

CbhV Report on voting
14/538/CDV 14/547A/RVC

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 2.

A list of all parts of the IEC 60076 series, under the general title Power transformers, can be
found on the IEC website.

The committee has decided that thé"conhtents“of ‘this ‘publication will remain unchanged until
the maintenance result 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.

IEC thanks The Institute of Electrical and Electronics Engineers, Inc. (IEEE) for permission to
reproduce information from its Standard IEEE C57.21-1990, 10.3.3.2 and 10.7 and from its
Standard IEEE C57.16-1996, 11.6. All such excerpts are copyright of IEEE, New York, NY,
USA. All rights reserved. Further information on the IEEE is available from
http://www.ieee.org. IEEE has no responsibility for the placement and context in which the
excerpts and contents are reproduced by IEC; nor is IEEE in any way responsible for the
other content or accuracy therein.
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INTRODUCTION

This part of IEC 60076 is intended to provide the basis for the specification and testing of the
types of reactor given in the scope. The document also gives some important information on
certain reactor applications to aid the preparation of a reactor specification.

Wherever possible, references to technical Clauses in the other parts of IEC 60076 which are
relevant to power transformers have been made. However, because reactors have some
fundamental differences to transformers there are special considerations that apply to the
specification, testing and application of reactors. These are included in this part of IEC 60076.

Clauses 1 to 6 form the general parts of the document, which apply to all types of reactor.
Clauses 7 to 12 deal individually with each different type of reactor. Generally, only one of the
Clauses 7 to 12 will apply to a specific reactor.

This part of IEC 60076 has more than one definition Subclause. The general definitions given
in Clause 3 apply to the whole document. Each of the Clauses 7 to 12 dealing with a certain
type of reactor includes a definition Subclause relevant and applying only to that Clause.

Clauses 7 to 12 have been given a uniform structure. Within this structure, the Rating
Subclause sets out the minimum information that a purchaser shall supply with the reactor
specification. The test Subclause in each Clause defines the relevant tests that can be
applied to that particular type of reactor and may include some additional items that shall be
agreed on at the time ofjorder.

Annexes A, B, C, D, F and G previde furtherdnformation for lcertain reactor applications and
testing. Annex E describes the dielectric turn-to-turn test.

This part of IEC 60076 ,covers both .dry-type and liquid-immersed reactors.and where Clauses
or Subclauses apply to only one type.this is. made clear.

Where possible, the requirements of this part of IEC 60076 have been harmonised with the
equivalent IEEE standard.
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POWER TRANSFORMERS -

Part 6: Reactors

1 Scope

This part of IEC 60076 applies to the following types of reactors:

e shunt reactors;

e series reactors including current-limiting reactors, neutral-earthing reactors, power flow
control reactors, motor starting reactors, arc-furnace series reactors;

o filter (tuning) reactors;

e capacitor damping reactors;

e capacitor discharge reactors;

e earthing transformers (neutral couplers);
e arc-suppression reactors;

e smoothing reactors for HYDC and industrial application;
with the exception of the following reactors:

e reactors with a rating less than 1"kvar'single-phase and'5 kvar three-phase;

e reactors for special purposes such as high-frequency line traps or reactors mounted on
rolling stock.

Where IEC standards do not exist for small-or'special‘reactors, this part of IEC 60076 may be
applicable as a whole or in part.

2 Normative references

The following referenced documents are indispensable for the application 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 60060-1:1989, High-Voltage test techniques — Part 1: General definitions and test
requirements

IEC 60076-1:1993, Power transformers — Part 1: General
Amendment 1 (1999)

IEC 60076-2:1997, Power transformers — Part 2: Temperature rise

IEC 60076-3:2000, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air

IEC 60076-4:2002, Power transformers — Part 4: Guide to lightning impulse and switching
impulse testing — Power transformers and reactors

IEC 60076-5:2006, Power transformers — Part 5: Ability to withstand short-circuit
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IEC 60076-7:2005, Power transformers — Part 7: Loading gquide for oil-immersed power
transformers

IEC 60076-8:1997, Power transformers — Part 8: Application guide

IEC 60076-10:2005, Power transformers — Part 10: Determination of sound levels
IEC 60076-11:2004, Power transformers — Part 11: Dry-type transformers

IEC 60137, Insulated bushings for alternating voltages above 1 000 V

IEC 60270, High-voltage test techniques — Partial discharge measurements

IEC 60721-2-6, Classification of environmental conditions — Part 2: Environmental conditions
appearing in nature. Earthquake vibration and shock

IEC 60815, Guide for the selection of insulators in respect of polluted conditions
IEC 60905:1987, Loading guide for dry-type power transformers

IEC 60943:1998, Guidance concerning the permissible temperature rise for parts of electrical
equipment, in particular for terminals

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

The definitions given'in this Clause, are of a general nature. Additional definitions are given in
those Clauses of this part of IEC 60076 ‘which are specific to a particular type of reactor or
which are given a particular meaning when related to that type of reactor.

There are frequent references to technical Clauses in IEC 60076 concerning transformers and
transformer testing. The terminology of those standards may not always be strictly relevant in
the context of reactors. For example “induced a.c. withstand voltage test” is a test on a
reactor where there is a test voltage across the winding although it is not “induced” from
another winding, but applied directly from the test source.

3.1 Types of reactor

3.1.1

shunt reactor

reactor connected phase-to-earth, phase-to-neutral or between phases in a power system to
compensate for capacitive current

3.1.2

current-limiting reactor

reactor connected in series in a power system to limit the current under system fault
conditions

3.1.3

neutral-earthing reactor

reactor connected between the neutral of a power system and earth to limit the line-to-earth
current under system earth fault conditions to a desired value
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