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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization con.risi 1
all national electrotechnical committees (IEC National Committees). The object of IEC is to bro.:ote
international co-operation on all questions concerning standardization in the electrical and elertro:ic fie 1s. To
this end and in addition to other activities, IEC publishes International Standards, Technica, spe.ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referrea 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, goverxmental and non-
governmental organizations liaising with the IEC also participate in this preparation. |EC ~a laborates closely
with the International Organization for Standardization (ISO) in accordance with co. dition  determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as r.»iurly ¢s possible, an international
consensus of opinion on the relevant subjects since each technical commiti e bhis representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international 's~.=2nd are accepted by IEC National
Committees in that sense. While all reasonable efforts are made t. ens 're that the technical content of IEC
Publications is accurate, IEC cannot be held responsible far tk2 we/ in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C.mm. tees undertake to apply IEC Publications
transparently to the maximum extent possible in their natione’ and regional publications. Any divergence
between any IEC Publication and the corresponding natio. al o regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of cor formity. Independent certification bodies provide conformity
assessment services and, in some areas, acct oS ) |[EC marks of conformity. IEC is not responsible for any
services carried out by independent certificatian ou:zs.

All users should ensure that they have the¢ la*est edition of this publication.

No liability shall attach to IEC or its ¢ recior=, employees, servants or agents including individual experts and
members of its technical committees anu 'EC National Committees for any personal injury, property damage or
other damage of any nature wk~tsover, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the chlicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the 'lormauve references cited in this publication. Use of the referenced publications is
indispensable for the ~=rrec. application of this publication.

Attention is drawn tc the )ossibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall ~ot be held responsible for identifying any or all such patent rights.

Internatiovial ~tancard IEC 60076-7 has been prepared by IEC technical committee 14: Power
transformers

Ti.

ron
o

‘s'sacond edition cancels and replaces the first edition published in 2005. It constitutes a

»ical revision. This edition includes the following significant technical changes with

re.nect to the previous edition:

a)

b)
c)
d)
e)

f)

title has been updated from "oil-immersed power transformers" to "mineral-oil-immersed
power transformers";

insulation life is updated by considering latest research findings;

temperature limits have been reviewed and maximum core temperature is recommended,;
number of fibre optic sensors is recommended for temperature rise test;

Q, S and H factors are considered,;

thermal models are revised and rewritten in generally applicable mathematical form;
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g) geomagnetic induced currents are briefly discussed and corresponding temperature limits
are suggested;

h) extensive literature review has been performed and a number of references added to
bibliography.

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

FDIS Report on voting
14/933/FDIS 14/942/RVD

Full information on the voting for the approval of this standard can be found in the repecrt on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Par* 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 the contents of this publication will re mai, ur.changed until
the stability date indicated on the IEC website under "http://vizbsiwcre.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

A bilingual version of this publication may he-‘:sued at a later date.

IMPORTANT — The 'colour ii.zid'e’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its..coi te’ts. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This part of IEC 60076 provides guidance for the specification and loading of power
transformers from the point of view of operating temperatures and thermal ageing. It provides
recommendations for loading above the nameplate rating and guidance for the planner to
choose appropriate rated quantities and loading conditions for new installations.

IEC 60076-2 is the basis for contractual agreements and it contains the requirements and
tests relating to temperature-rise figures for oil-immersed transformers during continuous
rated loading.

This part of IEC 60076 gives mathematical models for judging the consequence of diffe;ent
loadings, with different temperatures of the cooling medium, and with transient or cy-lical
variation with time. The models provide for the calculation of operating temperatures.in the
transformer, particularly the temperature of the hottest part of the winding. “"his ho'-spot
temperature is, in turn, used for evaluation of a relative value for the rate of theimal ageing
and the percentage of life consumed in a particular time period. The modelling refers to small
transformers, here called distribution transformers, and to power transformers.

A major change from the previous edition is the extensive work on the p2pei degradation that
has been carried out indicating that the ageing may be descrix¢:d »y combination of the
oxidation, hydrolysis and pyrolysis. Also, providing possibility tc. estimate the expected
insulation life considering different ageing factors, i.e. moisture  oxygen and temperature, and
more realistic service scenarios. The title has been upact:Z. from "oil-immersed power
transformers" to "mineral-oil-immersed power transform<rs". The temperature and current
limits are reviewed and the maximum core temperawre ‘s racommended. The use of fibre
optic temperature sensors has become a standard p.act.-e, however, the number of installed
sensors per transformer highly varies. This issue-and the description of Q, S and H factors
are now considered as well. The thermal mod.ls (re revised and rewritten in generally
applicable mathematical form. The geomagnetic inuuced currents are briefly discussed and
corresponding temperature limits are sugge<ted.

This part of IEC 60076 further presen:= recommendations for limitations of permissible
loading according to the resu'ts »f temperature calculations or measurements. These
recommendations refer to differen. ty.2s of loading duty — continuous loading, normal cyclic
undisturbed loading or tempoiary ~emergency loading. The recommendations refer to
distribution transformers, to_nicdium power transformers and to large power transformers.
Clauses 1 to 7 contain defihit‘ons, common background information and specific limitations for
the operation of differert ca.>gories of transformers.

Clause 8 contains t e dt termination of temperatures, presents the mathematical models used
to estimate the hot-spct temperature in steady state and transient conditions.

Clause 9 cuntanns a short description of the influence of the tap position.

Anplication examples are given in Annexes A, B, C, D, E, F, G, H, | and K.
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1 Scope

This part of IEC 60076 is applicable to mineral-oil-immersed transformers. It describes the
effect of operation under various ambient temperatures and load conditions on transformer
life.

NOTE For furnace transformers, the manufacturer is consulted in view of the peculiar loading profile.
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 60076-2, Power transformers — Part 2: Temperature rise for liquid-immersed transformers

IEC 60076-14, Power transformers — Part 14: Liquid-immersed power transformers using
high-temperature insulation materials

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

3.1

small power transformer

power transformer without attached radiators, coolers or tubes including corrugated tank
irrespective of rating

3.2
medium power transformer
power transformer with a maximum rating of 100 MVA three-phase or 33,3 MVA single-phase

3.3

large power transformer

power transformer with a maximum rating of greater than 100 MVA three-phase or greater
than 33,3 MVA single-phase

3.4

cyclic loading

loading with cyclic variations (the duration of the cycle usually being 24 h) which is regarded
in terms of the accumulated amount of ageing that occurs during the cycle

Note 1 to entry: The cyclic loading may either be a normal loading or a long-time emergency loading.





