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European foreword

The text of document 14/1204/FDIS, future edition 2 of IEC 60076-4, prepared by TC 14 "Power
transformers" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN IEC 60076-4:2026.

The following dates are fixed:

» latest date by which the document has to be implemented at national (dop) 2027-09-30
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2029-09-30
document have to be withdrawn

This document supersedes EN 60076-4:2002 and all of its amendments and corrigenda (if any).

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

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 60076-4:2026 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standard indicated:

IEC 60076-1:2011 NOTE Approved as EN 60076-1:2011 (not modified)
IEC 61083-2:2013 NOTE Approved as EN 61083-2:2013 (not modified)
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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.

NOTE 1 Where an International Publication has been modified by common maodifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cencenelec.eu.

Publication
IEC 60060-1

IEC 60060-2
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Year
2010
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High-voltage test techniques - Part 1: EN 60060-1 2010
General definitions and test requirements

High-voltage test techniques - Part 2: ENIEC 60060-2 -
Measuring systems

Power transformers - Part 3: Insulation EN 60076-3 2013
levels, dielectric tests and external
clearances in air

Power transformers - Part 6: Reactors EN 60076-6 -

Instruments and software used for - -
measurements in high-voltage and high-

current tests - Part 1: Requirements for

instruments for impulse tests
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Power transformers -
Part 4: Lightning impulse and switching impulse tests
of power transformers and 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
can 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.

IEC draws attention to the possibility that the implementation of this document can involve the use of (a) patent(s).
IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in respect
thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which can
be required to implement this document. However, implementers are cautioned that this cannot represent the
latest information, which can be obtained from the patent database available at https://patents.iec.ch. IEC shall
not be held responsible for identifying any or all such patent rights.

IEC 60076-4 has been prepared by IEC technical committee 14: Power transformers. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

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

a) lightning impulse tests in the presence of a relative overshoot value of 5 % or more (8.1.2).

The 2002 edition did not specified how to proceed when the overshoot exceeds 5 %. In this
revision, the testing laboratory is permitted to carry out the tests provided that the voltage
function calculation, as defined in IEC 60060-1:2010, is applied;

b) newly introduced test voltage for tail-chopped lightning impulse tests (8.2.2);
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c) switching impulse tests on 3 phase transformers, test connections (see Figure 5 and
Figure 6);

d) new Glaninger circuit in Clause A.3 about low-impedance windings (L; < 20 mH);

e) new Annex C with examples of oscillograms with peak voltage overshoot.

The text of this International Standard is based on the following documents:

Draft Report on voting

14/1204/FDIS 14/1208/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.
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1 Scope

This part of IEC 60076 applies to lightning and switching impulse tests on power transformers
and reactors.

Information is given on waveforms, test circuits including test connections, earthing practices,
failure detection methods, test procedures, measuring techniques and interpretation of results.

Where applicable, the test techniques are as described in IEC 60060-1 and IEC 60060-2.

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 60060-1:2010, High-voltage test techniques - Part 1. General definitions and test
requirements

IEC 60060-2, High-voltage test techniques - Part 2: Measuring systems

IEC 60076-3:2013, Power transformers - Part 3: Insulation levels, dielectric tests and external
clearances in air

IEC 60076-6, Power transformers - Part 6: Reactors

IEC 61083-1, Instruments and software used for measurements in high-voltage and high-
current tests - Part 1: Requirements for instruments for impulse tests

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

— |EC Electropedia: available at https://www.electropedia.org/
— 1S0O Online browsing platform: available at https://www.iso.org/obp

4 General

This document is primarily based on the use of conventional impulse generators for both
lightning and switching impulse tests of transformers and reactors. The practice of switching
impulse generation with discharge of a separate capacitor into an intermediate or low-voltage
winding is also applicable. However, the method which employs an additional inductance in
series with the capacitor to provide slightly damped oscillations transferred into the high-voltage
winding is not applicable.

Alternative means of switching impulse generation or simulation such as DC current interruption
on an intermediate or low-voltage winding or the application of a part-period of power frequency
voltage are not discussed since these methods are not as generally applicable.
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Different considerations in the choice of test circuits (terminal connections) for lightning and
switching impulse tests apply for transformers and reactors. On transformers, all terminals and
windings can be lightning impulse tested to specific and independent levels. In switching
impulse test, however, because of the induced voltage transferred, a specified test level can
only be obtained on one winding (see IEC 60076-3).

Whilst, on reactors, lightning impulse tests is similar to that on transformers, i.e., all terminals
can be tested separately, different considerations apply and different problems arise in
switching impulse tests. Hence, in this document, lightning impulse tests are covered by a
common text for both transformers and reactors whilst switching impulse test is dealt with
separately for the two types of equipment.

5 Specified waveforms

The voltage waveforms to be used normally during lightning and switching impulse tests of
transformers and reactors are given in IEC 60076-3, IEC 60076-6 and the methods for their
determination shall refer to IEC 60060-1.

6 Test circuit

The physical arrangement of test equipment, test object and measuring circuits can be divided
into three major circuits:

— the main circuit including the impulse generator, additional waveshaping components and
the test object;

— the voltage measuring circuit;

— the chopping circuit where applicable.

This basic arrangement is shown in Figure 1.

The following parameters influence the impulse waveform:

a) the effective capacitance C;, and inductance of the test object, L;; C; is constant for any
given design and any given waveform, L, is also a constant for any given design.
The effective L;, however, can be influenced by the terminal treatment. It varies between
the leakage inductance Lg for short-circuited terminals and L, for open-circuited terminals.
More details in this respect are given in 8.1 and 8.3 and in Annex A;

b) the generator capacitance Cg;

c) waveshaping components, both internal and external to the generator, Rg;, Rse, Rp,, C (plus,
where applicable, the impedance of a voltage divider Z,);

d) the stray inductance and capacitance of the generator and the complete test circuit;

e) chopping equipment, where applicable;

f) non-linear elements in the transformer, which can cause differences between impulses at
different voltage levels.

The front time T, is determined mainly by combination of the effective surge capacitance of the
test object, including C|, and the generator internal and external series resistances.

The time to half-value T, is, for lightning impulses, primarily determined by the generator

capacitance, the inductance of the test object and the generator discharge resistance or any
other parallel resistance. However, there are cases, for example, windings of extremely low
inductance, where the series resistance will have a significant effect also on the wavetail.
For switching impulses, other parameters apply; these are dealt with in Clause 9.
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