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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 2: Thermal performance measurement and test procedures for liquid-

1)

2)

3)

4)

5)

6)

7)

8)

9)

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, 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.

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 first edition cancels and replaces the third edition published in 2011. It is a technical
revision.

This edition includes the following significant technical changes with respect to the previous
edition based on guidance provided by IEC TC 14 AHG 36:

a)

b)

c)

the title is changed to: Thermal performance measurement and test procedures for liquid-
immersed transformers;

the scope is changed to: This part of IEC 60076 applies to liquid-immersed transformers,
verifies compliance with temperature requirements and gives the methods for temperature
rise tests;

the clauses 4, 5, and 6 are moved from edition 2011 to IEC 60076-1 revised document
including the temperature rise limits and ambient temperature reference values;
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d) the procedures for the temperature rise test were improved in relation to the new thermal
requirements;

e) the core temperature test and corresponding temperature rise determination is introduced,;

f) annexes B, D and E are modified, and three informative annexes F, G, H and | are added
in order to facilitate the standard application.

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

FDIS Report on voting

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,

e 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: Thermal performance measurement and test procedures for liquid-
immersed transformers

1 Scope

This part of IEC 60076 applies to liquid-immersed transformers, verifies compliance with
temperature requirements 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 60076-7, Power transformers — Part 7: Loading guide for mineral-oil-immersed power
transformers

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

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

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

IEC 60076-19-1, Power transformers - Part 19 - 1: Rules for the determination of uncertainties
in the measurement of the losses of power transformers

IEC 60076-22-2, Power transformers - Part 22-2: Power transformer and reactor fittings -
Removable radiators

IEC 60076-22-3, Power transformers - Part 22-2: Power transformer and reactor fittings -
Insulating liquid to air heat exchangers

IEC 60076-22-6, Power transformers - Part 22-6: Power transformer and reactor fittings -
Electric fans for transformers

ISO 10880, Non-destructive testing — Infrared thermographic testing — General principles

IEC 60567, Oil-filled electrical equipment - Sampling of free gases and analysis of free and
dissolved gases in mineral oils and other insulating liquids — Guidance
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3 Terms and definitions

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

3.1

bottom liquid temperature

0

temperature of the liquid entering the bottom winding

3.2

bottom liquid temperature rise

40,

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

3.3

external cooling medium

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

3.4

0,

temperature of the external cooling medium

temperature of the external cooling medium outside the influence from the transformer

3.5

top liquid temperature

0,

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

3.6

top liquid temperature rise

460,

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

3.7

average liquid temperature

eom

average temperature of the top liquid and bottom liquid temperatures

3.8

average liquid temperature rise

Aeom

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

3.9

average liquid temperature rise at shut down

A,

difference between the average liquid temperature and the external cooling medium
temperature at shut down

3.10

winding temperature determined from resistance measurement

0,

winding temperature determined from resistance measurements at shut down
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3.11

average liquid temperature at shut down

Oom

average temperature of the top liquid and bottom liquid temperatures at shut down

3.12

average winding temperature

0,

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

3.13

average winding temperature rise

A6,

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

3.14
average winding gradient

9
difference between the average winding temperature and the average liquid temperature

3.15

winding hotspot to top liquid temperature gradient

ABh—o

difference between the winding hotspot temperature and the top liquid temperature

3.16

winding hottest temperature reading at shut down

0},

hottest measured winding temperature of winding conductors in contact with solid insulation or
liquid at shut down

3.17

top liquid temperature at shut down

0,

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

3.18

hotspot factor

H

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

3.19

winding hotspot temperature rise

AGy,

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

3.20

no-load top liquid temperature

eco

temperature of the top liquid at the end of the no-load temperature rise test at the same tank
location as the top liquid temperature defined in 3.5
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3.21

no-load bottom liquid temperature

Bcb

temperature of the bottom liquid at the end of the no-load temperature rise test at the same
tank location as the bottom liquid temperature defined in 3.1.

3.22

internal core hotspot temperature

0,

hottest core internal temperature determined from the no load temperature rise at highest core
excitation and the liquid temperatures relevant to the operating condition

3.23

internal core hotspot temperature rise

AB,

the difference between the internal core hotspot temperature and the external cooling medium
temperature

3.24
shut down
instant when the power supply is switched off

3.25
cooling method

cooling media type and flow principles, coded by capital letters
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4 Thermal performance measurement

4.1 General

The following subclauses describe the procedures for the determination of temperature and
temperature rise values during factory testing and also the methods for substituting service
loading conditions by equivalent test procedures.

The thermal performance measurement is carried out to verify the guaranteed temperature rises
in insulation liquid and windings as given in Clause 5.4.3 of IEC 60076-1.

NOTE Altitude correction of cooling conditions is given in Clause 5.5 of IEC 60076-1

The temperature rise test can also reveal overheating within the transformer due to conditions
such as stray flux heating and poor connections. The transformer loading capability can be
verified by direct measurement or by application of corresponding thermal models using the
data from the test.

During a temperature rise test various temperatures may be measured or derived, including:

e External cooling medium temperature
e Top liquid temperature

e Bottom liquid temperature

¢ Average liquid temperature

e Average winding temperatures

e Internal structural part temperatures
e Tank temperature

e Internal core hotspot temperature

e Winding hotspot temperature
NOTE Some of these measurements depend on the presence of temperature sensors

During the temperature rise test, the transformer shall be equipped with any relevant protective
devices that would be present in service and are within the scope of the contract between
customer and manufacturer. Any indication from these devices during the test shall be noted
and the case investigated.

For transformers designed with alternative cooling method ratings, a temperature rise test shall be
performed for each cooling method rating to determine the corresponding temperature rises and
thermal parameters. By agreement between manufacturer and customer, the testing may be reduced
to the test at the nominal power of the transformer if customer accepts to use the calculated
parameters for the other cooling method power ratings.

10


https://standards.iteh.ai/catalog/standards/sist/6efe70c9-7ca2-49ee-94be-f92f6046976f/osist-pren-iec-60076-2-2026
https://standards.iteh.ai/catalog/standards/sist/6efe70c9-7ca2-49ee-94be-f92f6046976f/osist-pren-iec-60076-2-2026

402

403
404

405

406
407
408
409

410
411
412
413

414
415
416
417
418
419

420
421

422
423
424
425

426

427
428
429

430
431
432
433
434
435
436

437
438

439
440
441
442
443

444
445

446
447

IEC CDV 60076-2 © IEC 2026

4.2 Temperature of the external cooling media (air or water)

The external cooling medium is defined by the third letter code in the cooling method (see IEC 60076-
1, Clause 5.2.2)

4.21 Air temperature

For the temperature rise test, the external cooling medium temperature shall be between 10 °C and
the maximum external cooling medium temperature at which the winding hotspot temperature shall not
exceed the long-time emergency loading temperature limit specified in IEC 60076-7, or the limit
specified by the customer, at any point during the test.

Where direct winding hotspot measurement is not provided, compliance with this limit shall be
assessed by calculation using the measured external cooling medium temperature, the measured
liquid temperature, and the calculated winding hotspot-to-top-liquid temperature gradient. The
calculation basis shall be documented in the test report.

Precautions shall be taken to minimize variations of cooling-air temperature, during the whole test
period. Rapid variations in readings shall be prevented by using heat sinks or ambient cans for the
temperature sensors. The thermal time constant of the heat sinks shall be approximately 2,5 h,
suitable for all transformer designs. A report stating the heat-sink thermal time constant shall be
provided by the manufacturer. Informative Annex H provides an example of a heat-sink design that
fulfils the time-constant requirement.

NOTE. The time constant of a container (heat sink or ambient can) shall be taken as the time necessary for its
temperature to change 6,3 K when the ambient temperature is abruptly changed 10 K.

An alternative is to use an ambient temperature sensor with a time constant less than that of the
transformer but not less than 30 min and the ambient temperature sampling interval is less than 10%
of the sensor time constant. Then any variations may be smoothed by applying a moving-average filter
over the period of 2,5 h in the real time.

The sensors should be protected from direct heat radiation from the tank and other heat sources.

Readings should be taken at regular intervals not exceeding 5 min or at shorter intervals if
agreed between customer and manufacturer. These readings should be synchronized with other
temperature measurements and recorded automatically and continuously.

The temperature rise test shall be done as in service with a stable environment regulated by
the airflow management, e.g. by positioning the transformer away from open doors, ports or
ventilation outlets, and by balancing ventilation to ensure that the air exchange rate is sufficient
for fresh air without affecting temperature stability. Temporary use of doors or ports shall be
permitted only where it does not affect the readings of the temperature sensors. During the last
four hours of the test, any change in test-bay ventilation and any use of doors or ports shall not
be permitted.

The distance between the tank including cooling equipment and any object including the
laboratory walls, (excluding testing equipment), shall be more than 3 m.

In the case of separate cooling equipment placed at a distance greater than 3 m from the
transformer tank, the ambient temperature shall be measured around the cooling equipment
applying the same rules given below. When the separate cooling equipment is placed at a
distance of less than 3 m, the ambient temperature shall be measured as defined below for the
cooling equipment mounted on the tank.

The transformer shall be positioned so as to minimise obstructions to the airflow and local
recirculation of hot air, and to ensure stable and evenly distributed ambient conditions.

In case of cooling equipment mounted on the tank, it is not allowed to install any ambient
temperature sensor between the tank and the cooling equipment.
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448 The position of the ambient temperature sensors shall be selected in accordance with the
449 applicable cooling method for transformers with multiple cooling methods.

450
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