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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 2: Temperature rise for liquid-immersed transformers

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, |I[EC 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, |[EC 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'‘'somel‘areas;'access''tolEC marks-of conformity -“/EC '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.

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 60076-2 has been prepared by IEC technical committee 14: Power
transformers.

This third edition cancels and replaces the second edition published in 1993. It is a technical
revision.

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

the standard is applicable only to liquid immersed transformers;
the winding hot-spot temperature rise limit was introduced among the prescriptions;

the modalities for the temperature rise test were improved in relation to the new thermal
requirements;

five informative annexes were added in order to facilitate the standard application.
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The text of this standard is based on the following documents:

FDIS Report on voting
14/669/FDIS 14/676/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 2.

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

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside“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 contents. Users should therefore print this document using a
colour printer.
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POWER TRANSFORMERS -

Part 2: Temperature rise for liquid-immersed transformers

1 Scope

This part of IEC 60076 applies to liquid-immersed transformers, identifies power
transformers according to their cooling methods, defines temperature rise limits and gives
the methods for temperature rise tests.

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 60076-1, Power transformers — Part 1: General
IEC 60076-8:1997, Power transformers — Part 8: Application guide
IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 61181:2007, Mineral oil-filled electrical equipment — Application of dissolved gas analysis
(DGA) to factory tests on electrical equipment

IEC Guide 115:2007, Application of ‘uncertainty of measurement to conformity assessment
activities in the electrotechnical sector

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60076-1 and the
following apply.

31

external cooling medium

the medium external to the transformer cooling system (air or water) into which the heat
produced by the transformer losses is transferred

3.2

internal cooling medium

the liquid in contact with the windings and other transformer parts by means of which the heat
produced by the losses is transferred to the external cooling medium

NOTE The liquid can be mineral oil or other natural and synthetic liquid.

3.3

temperature rise

the difference between the temperature of the part under consideration (for example, the
average winding temperature) and the temperature of the external cooling medium
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3.4

top-liquid temperature

90

the temperature of the insulating liquid at the top of the tank, representative of top-liquid in
the cooling flow stream

3.5

top-liquid temperature rise

Ab,

the temperature difference between the top-liquid temperature and the external cooling
medium temperature

3.6

bottom-liquid temperature

Oy

the temperature of the insulating liquid as measured at the height of the bottom of the
windings or to the liquid flowing from the liquid cooling equipment

3.7

bottom-liquid temperature rise

Ay,

the difference between the bottom-liquid temperature and the external cooling medium
temperature

3.8

average liquid temperature

Hom

the average temperature of the top-liquid-and'bottom!liquid temperatures

3.9

average liquid temperature rise

AOom

the difference between the average liquid temperature and the external cooling medium
temperature

3.10

average winding temperature

Ow

the winding temperature determined at the end of temperature rise test from the measurement
of winding d.c. resistance

3.1

average winding temperature rise

Ab,,

the difference between the average winding temperature and the external cooling medium
temperature

3.12

average winding gradient

g

the difference between the average winding temperature and the average insulating liquid
temperature
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3.13

hot-spot winding temperature

Oh

the hottest temperature of winding conductors in contact with solid insulation or insulating
liquid

3.14

hot-spot winding temperature rise

A6y,

the difference between hot-spot winding temperature and the external cooling medium
temperature

3.15

hot-spot factor

H

a dimensionless factor to estimate the local increase of the winding gradient due to the
increase of additional loss and variation in the liquid flow stream

NOTE H factor is obtained by the product of the Q and S factors (see 3.16 and 3.17).

3.16

Q factor

a dimensionless factor to estimate the increase of the average winding gradient due to the
local increase of the additional loss

3.17

S factor

a dimensionless factor to estimate the local increase of the average winding gradient due to
the variation in the liquid flow stream

3.18

thermally upgraded paper

cellulose-based paper which has been chemically modified to reduce the rate at which the
paper decomposes

A paper is considered as thermally upgraded if it meets the life criteria of the 50 % retention in
tensile strength after 65 000 h in a sealed tube at 110 °C or any other time/temperature
combination given by the equation:

15000 15000 j

0+273  110+273

Time (h) = 65 000 e{ (1)

NOTE 1 Ageing effects are reduced either by partial elimination of water forming agents or by inhibiting the
formation of water through the use of stabilizing agents.

NOTE 2 See IEC 60076-7, for an alternative test method based on the nitrogen content.
4 Cooling methods

4.1 Identification symbols

Transformers shall be identified according to the cooling method employed. For liquid-immersed
transformers, this identification is expressed by a four-letter code as described below.

First letter: Internal cooling medium:

e O: mineral oil or synthetic insulating liquid with fire point < 300 °C;
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o K: insulating liquid with fire point > 300 °C;

e L: insulating liquid with no measurable fire point.
Second letter: Circulation mechanism for internal cooling medium:

e N: natural thermosiphon flow through cooling equipment and in windings;
e F: forced circulation through cooling equipment, thermosiphon flow in windings;

e D: forced circulation through cooling equipment, directed from the cooling equipment into
at least the main windings.

Third letter: External cooling medium:
e A:air
e W: water.

Fourth letter: Circulation mechanism for external cooling medium:

e N: natural convection;

e F: forced circulation (fans, pumps).

NOTE 1 In this standard, the use of insulating liquids K and L is considered only for safety and environmental
reasons.

NOTE 2 In a transformer designated as having forced directed insulating liquid circulation (second code letter D),
the rate of liquid flow through the main,windingsiis determined by the pumps and is not, in principle, determined by
the loading. A minor fraction of-the flow of liquid through the“cooling ‘eqdipment may' be directed as a controlled
bypass to provide cooling for core and other parts outside the main windings. Regulating windings and/or other
windings having relatively low power maysalso lhave non-directed circulation of bypass liquid.

In a transformer with forced, non-directed cooling (second code letter F), the rates of flow of liquid through all the
windings are variable with the loading, and not directly related“to'the pumped flow through the cooling equipment.

4.2 Transformers with alternative cooling-methods

A transformer may be specified with alternative cooling methods. In this case, the
specification and the rating plate shall then carry information about the power values at
which the transformer fulfils the temperature rise limits when these alternatives apply, see
IEC 60076-1.

The power value for the alternative cooling methods with the highest cooling capacity is the
rated power of the transformer (or of an individual winding of a multi-winding transformer,
see |[EC 60076-1). The alternatives cooling methods are conventionally listed in rising order
of cooling capacity.

Examples:

e ONAN/ONAF. The transformer has a set of fans which may be put into service as desired
at high loading. The insulating liquid circulation is by thermosiphon effect only, in both
cases.

e ONAN/OFAF. The transformer has cooling equipment with pumps and fans but is also
specified with a reduced rated power under natural cooling (for example, in case of failure
or reduction of auxiliary power).

5 Normal cooling conditions

5.1 Air-cooled transformers

Normal ambient temperature limits for power transformers are given in IEC 60076-1.
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With regard to normal temperature rise requirements, the temperatures at the intended
installation site should not exceed:

+ 40 °C at any time;

+ 30 °C monthly average, of the hottest month;

+ 20 °C yearly average.
NOTE The average temperatures are to be derived from meteorological data as follows (see IEC 60076-1).
Monthly average temperature:

— half the sum of the average of the daily maxima and the average of the daily minima during a particular
month, over many years;

Yearly average temperature:

— one-twelfth of the sum of the monthly average temperatures.
5.2 Water-cooled transformers

Normal cooling condition for water cooled transformers is a temperature of cooling water at
the inlet not exceeding 25 °C at any time or a 20 °C yearly average.

If the operating water temperature is higher than this, then a lower temperature rise should be
specified (see IEC 60076-1).

6 Temperature rise limits

6.1 General
Temperature rise requirements are specified according to different options:

e a set of requirements which refer to continuous rated power (see 6.2).

e an additional set of explicitly ispecified requirements) that relate to a prescribed loading
cycle (see 6.4).

NOTE The additional set of requirements is applicable mainly to large system transformers for which emergency
loading conditions deserve particular attention, and should not be regularly used for small and medium-size
standardized transformers.

It is assumed throughout this part that the service temperatures of different parts of a
transformer can each be described as the sum of the external cooling medium temperature
(ambient air or cooling water) and the temperature rise of the transformer part.

Normal temperature rise limits apply unless other service conditions are specified. In such
cases, the limits of temperature rise shall be modified as indicated in 6.3.

No plus tolerance is permitted on temperature rise limits.

6.2 Temperature rise limits at rated power

For transformers up to 2 500 kVA (833 kVA single-phase) with a tapping range not exceeding
+ 5 %, the temperature rise limits shall apply to the principal tapping corresponding to the
rated voltage (see IEC 60076-1).

For transformer rated power larger than 2 500 kVA or if the tapping range exceeds = 5 %, the
temperature rise limits shall apply to every tapping at the appropriate tapping power, tapping
voltage and tapping current.

NOTE 1 The load losses are different for different tappings and sometimes also the no-load loss when variable
flux voltage variation is specified.
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NOTE 2 In a separate winding transformer, the tapping with the highest load loss is normally the tapping with the
maximum current.

NOTE 3 In an auto-transformer with tapping, the tapping with the highest load loss depends on how the tappings
are arranged.

For a multi-winding transformer, when the rated power of one winding is equal to the sum of
the rated powers of the other windings, the temperature rise requirements refer to rated power
in all windings simultaneously. If this is not the case, one or more particular loading
combinations have to be selected and specified for the temperature rise limits.

In the case of a transformer with two or more separate winding sections one above the other,
the winding temperature limit shall apply to the average of the measurements of the stacked
sections, if they are of equal size and rating.

The temperature rise limits given in Table 1 are valid for transformers with solid insulation
designated as class 105 °C according to IEC 60085, and immersed in mineral oil or synthetic
liquid with a fire point not above 300 °C (first code letter: O).

The limits refer to steady state conditions under continuous rated power, and 20 °C average
yearly temperature of the external cooling medium.

If not otherwise agreed between manufacturer and purchaser, the temperature rise limits
given in Table 1 are valid for both Kraft and upgraded paper (see also IEC 60076-7).

Table/ 1"~ Temperature rise.limits

Temperature rise limits
Requirements for K
Top insulating, liquid 60
Average winding (by winding resistance)varniation):
— ON.. and OF.. cooling systems 65
— OD.. cooling system 70
Hot-spot winding 78

No numerical limits are specified for the temperature rise of magnetic core, bare electrical
connections, electrical or magnetic shields and structural parts in the tank. However, a self-
evident requirement is that they shall not reach a temperature which will cause damages to
adjacent parts or undue ageing of the insulating liquid. If considered necessary, a
temperature rise limit for the magnetic core surface may be agreed between manufacturer and
purchaser.

NOTE 4 For some designs, the hot-spot winding temperature rise limit may imply lower top-liquid and/or average
winding temperature rises than those indicated in the table.

NOTE 5 The rules for determining the hot-spot winding temperature rise are given in 7.10.

NOTE 6 For large power transformers immersed in mineral oil, in-oil dissolved gas analysis (DGA) performed
during the temperature rise test can be a tool for detecting undesirable overheating (see Annex D).

NOTE 7 For large power transformers, the temperature rise of tank and cover surfaces can be checked by means
of a thermographic infrared camera.

On windings of very low resistance with numerous bolted connections (e.g., low voltage
winding of furnace transformers), the determination of the average winding temperature rise
by resistance variation may be difficult and subjected to a large uncertainty. As an alternative
and by agreement between manufacturer and purchaser, the winding temperature rise
requirements may be limited to the hot-spot winding temperature rise which shall be
determined by direct measurement in this case.
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Temperature rise limits for transformers having higher temperature resistant insulation
systems and immersed in a less flammable liquid (code letter K or L) are subject to
agreement.

6.3 Modified requirements for special cooling conditions
6.3.1 General

If the service conditions at the intended installation site do not fall within the limits of normal
cooling conditions given in Clause 5, then the limits of temperature rise for the transformer
shall be modified in accordance with the rules indicated below.

6.3.2 Air-cooled transformers

If the temperature of the external cooling medium at site exceeds one or more of the normal
values given in 5.1, all the temperature rise limits indicated in Table 1 shall be corrected by
the same amount as the excess. The obtained values shall be rounded to the nearest whole
number of degrees kelvin.

Recommended ambient temperature reference values and relevant temperature rise limit
corrections are given in Table 2.

Table 2 - Recommended values of temperature rise corrections in case
of special service conditions

Ambient temperatures Correction of
oC temperature rise
Yearly average Monthly average Maximum K2

20 30 40 0

25 35 45 -5
30 40 50 -10
35 45 55 -15

@ Referred to the values given in Table 1.

NOTE 1 No rules are given for ambient temperatures lower than the normal ones. The temperature rise limits
given in Table 1 are applied unless otherwise specified by the purchaser.

NOTE 2 The values given in the Table 2 may be interpolated.

If the installation site is more than 1 000 m above sea-level but the factory is not, then the
allowable temperature rises during the test in the factory shall be reduced as follows:

e for a naturally cooled transformer (....AN), the limit of top-liquid, average and hot-spot
winding temperature rises shall be reduced by 1 K for every interval of 400 m by which the
installation's altitude exceeds 1 000 m;

e for a forced-cooled transformer (.... AF), the reduction shall be 1 K for every 250 m
exceeding 1 000 m.

A corresponding reverse correction may be applied in cases where altitude of the factory is
above 1 000 m and the altitude of the installation site is below 1 000 m.

Any altitude correction shall be rounded to the nearest whole number of degrees kelvin.

When the specified temperature rise limits of a transformer have been reduced, either
because of high cooling medium temperature or because of high-altitude installation, this shall
be indicated on the rating plate (see IEC 60076-1).
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NOTE 3 When standardized transformers are to be used at high altitudes, a reduced value of power may be
calculated, which from the point of view of cooling and temperature rise corresponds to service with rated power
under normal ambient conditions.

6.3.3 Water-cooled transformers

If the maximum and/or the yearly cooling water temperature at site exceeds the values
indicated in 5.2, all the prescribed temperature rise limits shall be reduced by the same
amount as the excess. The values shall be rounded to the nearest whole number of degrees.

NOTE The rule given above does not apply for water temperatures lower than the normal one. In that case, an
agreement between manufacturer and purchaser is necessary.

The influence of differing ambient temperature or altitude on the air cooling of the tank shall
be disregarded.

6.4 Temperature rise during a specified load cycle

By agreement between manufacturer and purchaser, temperature rise limits can be
guaranteed and/or a special test regarding load cycle operation specified (see IEC 60076-7).

7 Temperature rise tests

7.1 General

The following subclausesgcdescribe thevprocedures for the determination of temperature and
temperature rise values during factory testing and also the methods for substituting service
loading conditions by equivalent testjprocedures:

During the temperature rise test, the transformer-shall be equipped with its protective devices
(for example, Buchholz.relay). Any.indication from:these devices during the test shall be
noted and the case investigated.

In the case of a transformer with more than one value of rated power (for example, when two
or more cooling methods are provided), a temperature rise test shall be in principle performed
for each rated power, but by agreement between manufacturer and purchaser the number of
tests can be reduced.

7.2 Temperature of the cooling media
7.21 Ambient temperature

For the temperature rise test, the cooling air temperature should be in the range between
10 °C and the maximum ambient temperature for which the transformer is designed.

The interpretation of the test results shall be subject to agreement if the external cooling
medium temperature during the test is outside the limits indicated.

At least four sensors shall be provided and the average of their readings shall be used to
determine the ambient temperature for the evaluation of the test results.

NOTE For tests on large power transformers, the number of sensors should be increased up to six in order to
reduce the uncertainty that can affect the average of the readings.

Readings should be taken at regular intervals (e.g., every ten minutes), or automatic
continuous recording may be used.

Around an ONAN transformer, the ambient sensors shall be placed at a level about halfway
up the cooling surfaces.
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