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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
EL-008, Power Transformers, to supersede AS 2374.2—1997, Power transformers, Part2:
Temperature rise.

The objective of this Standard is to provide designers, suppliers, purchasers and users of liquid-filled
power transformers with a set of normal temperature service conditions and temperature rise limits
with provision for special service conditions and methods of testing transformers to verify
compliance.

This Standard is an adoption with national modifications and has been reproduced from IEC 60076-2,
Ed. 3.0 (2011), Power transformers, Part 2: Temperature rise for liquid-immersed transformers, and
has been varied as indicated to take account of Australian and New Zealand conditions. The variations
are specified in Appendix ZZ. Appendix ZA provides additional informative details.

Appendix ZZ addresses the following issues:

(a) Clarification of Clause 6.2.

(b) Description of a typical ambient temperature measuring method commonly used in Australia.
(c) Additional information for Annexes ‘D’ and ‘E’ to assist in assessment of results.

(d) Technical correction in Annex ‘E’.

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

(i)  This Standard is applicable only to liquid-immersed transformers.
(i1)) The winding hot-spot temperature rise limit is introduced among the prescriptions.

(iii) The modalities for the temperature rise test were improved in relation to the new thermal
requirements.

(iv) Five informative annexes have been added in order to facilitate the standard application.

The variations described in Appendix ZZ form the Australian and New Zealand variations for the
purposes of the CB Scheme for recognition of testing to standards for safety and electrical equipment.

As this Standard is reproduced from an International Standard, the following applies:
(A) In the source text ‘this part of IEC 60076’ should read ‘this Australian/New Zealand Standard’.
(B) A full point should be substituted for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to Australian Standards, as

follows:
Reference to International Standard Australian Standard
IEC AS
60076 Power transformers 60076 Power transformers
60076-1 Part 1: General 60076.1 Part 1: General

2374 Power transformers
60076-8 Part 8: Application guide 2374.8  Part 8: Application guide

Only international references that have been adopted as Australian or Australian/New Zealand
Standards have been listed.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annex or appendix to which they apply. A ‘normative’ annex or appendix is an integral part of a
Standard, whereas an ‘informative’ annex or appendix is only for information and guid
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AUSTRALIAN/NEW ZEALAND STANDARD

Power transformers

Part 2:
Temperature rise for liquid-immersed transformers
(IEC 60076-2, Ed. 3.0 (2011) MOD)

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.

3.1

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:
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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 windings is determined by the pumps and is not, in principle, determined by
the loading. A minor fraction of the flow of liquid through the cooling equipment 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 may also have 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 specified 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 variation):
— 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. Documents
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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
°C 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). Documents
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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 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.

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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The sensors shall be distributed around the tank, about 2 m away from the perimeter of tank
and cooling surfaces, and protected from direct heat radiation.

For a forced-air-cooled transformer, the sensors shall be placed in the air at about 0,5 m from
the intake of the coolers.

In the case of separate cooling equipment placed at a distance of at least 3 m from the
transformer tank, the ambient temperature shall be measured around the cooling equipment
applying the same rules given above.

Attention shall be paid to possible recirculation of hot air. The transformer should be placed
so as to minimize obstructions to the air flow and to provide stable ambient conditions.

Precautions should be taken to minimize variations of cooling-air temperature, particularly
during the last part of the test period when steady state conditions are approached. Rapid
variation of readings due to turbulence should be prevented by appropriate means such as
heat sinks for the temperature sensors of thermal time constant similar to the transformer
thermal time constant.

7.2.2 Water temperature

For the temperature rise test, the cooling water temperature should be in the range between
5 °C and the maximum water temperature for which the transformer is designed.

The interpretation of the test results shall be subject to agreement if the water temperature is
outside the limits indicated above.

The temperature shall be measured at the intake of the cooling equipment. Readings of
temperature and rate of water flow should be taken at regular intervals (e.g., every ten
minutes), or automatic continuous recording may be used.

Precautions shall be taken to minimize the variations of water cooling flow and temperature
during the test period.

7.3 Test methods for temperature rise determination
7.3.1 General

The standard method for the determination of the steady-state temperature rises on the test
floor is the equivalent test in short-circuit connection according to 7.3.2 below.

In special cases, if agreed, the test can be performed applying rated voltage and current by
connection to a suitable load. This is mainly applicable to transformers with low rated power.

A back-to-back method may also be agreed. In this method, two transformers, one of which is
the transformer under test, are connected in parallel and excited at the rated voltage of the
transformer under test. By means of different voltage ratios or an injected voltage, rated
current is made to flow in the windings of the transformer under test.

7.3.2 Test by short-circuit method for two winding transformers

During this test the transformer is not subjected to rated voltage and rated current
simultaneously, but to the calculated total losses, previously obtained by two separate
determinations of losses, namely load loss at reference temperature and no-load loss (see
IEC 60076-1).

The purpose of the test is to establish:
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e the top-liquid and average liquid temperature rises in a steady-state condition with
dissipation of total losses;

e the average winding temperature rise at rated current for the average liquid temperature
rise as determined above;

o the hot-spot winding temperature rise at rated current and for the top-liquid temperature
rise as mentioned above.

This is achieved in two testing steps:

a) Total loss injection

The top-liquid and average liquid temperature rises are established when the transformer
is subjected to a test current corresponding to the total losses of the transformer (see
IEC 60076-1). The test current will be above rated current to the extent necessary for
producing an additional amount of loss equal to the no-load loss at rated voltage, and the
winding temperature rise will be correspondingly elevated.

The top-liquid temperature and cooling medium temperature are monitored, and the test is
continued until steady-state liquid temperature rises are established.

The first part of the test may be terminated when the rate of change of top-liquid
temperature rise has fallen below 1 K/h and has remained there for a period of 3 h. If
discrete readings have been taken at regular intervals, the mean value of the readings
during the last hour is taken as the result of the test. If continuous automatic recording is
applied, the average value during the last hour is taken.

b) Rated current injection

After the top-liquid temperature rise has been established, the test shall be continued
without a break with the test current reduced to rated current for the winding combination
connected. This condition is maintained for 1 h, during which time continuous temperature
records of top-liquid, winding hot-spot (if measured) and external cooling medium should
be taken at least every 5 min.

At the end of the hour, the resistances of the windings are measured, either after a rapid
disconnection of the supply and short circuits (see 7.8 and Annex C) or, without switching
off the supply, by means of the superposition method which consists of injecting into the
windings and measuring direct current of low value superimposed on the load current.

The values of average temperature of the two windings are determined from the resistance
variations, and in addition by taking into account the liquid temperature decrease when the
current is reduced to the rated value, as well as the variation of the external cooling medium
temperature.

If the direct measurement of the hot-spot winding temperature is provided, the corresponding
temperature rise is obtained by taking the highest reading before disconnection and applying
the correction indicated in 7.10.3 because the liquid temperature decreases when the current
is reduced to the rated value.

By agreement, the two steps of the test may be combined in one single application of power
at a level between load loss and total loss. For liquid immersed transformers, the temperature
rise values for top-liquid, average liquid and for the windings shall then be determined using
the correction rules given in 7.13. The power injected during the test shall however be at least
80 % of the total loss value.

7.3.3 Test modification for particular transformers

Two-winding transformer with a tapping range larger than + 5 %, or having a rated power
exceeding 2 500 kVA.

Unless otherwise specified, the temperature rise test is conducted with the transformer
connected on the maximum current tapping (see IEC 60076-1) and the tapping current for that

tapping is used during the later part of the test (see 7.3.2 b)). Documents
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The total losses to be injected during the first part of the test (see 7.3.2 a)), shall be equal to
the highest value of total loss appearing at any tapping (corresponding to its tapping
quantities). This tapping is also often, but not always, the maximum current tapping. This part
of the test determines the maximum top-liquid temperature rise. For the determination of
winding temperature rise at the maximum current tapping, the value of liquid temperature rise
to be used in the evaluation shall correspond to the total losses of that tapping. The value
from the first part of the test will be recalculated if obtained with other data.

Multi-winding transformer

When the rated power of one winding is equal to the sum of the rated powers of the other
windings, for the first part of the test, a total loss shall be developed which corresponds to
rated power (or tapping power) in all windings.

If this does not apply, there are specified loading cases with different combinations of
individual winding loads. That case which will be associated with the highest total loss shall
determine the test power for the determination of liquid temperature rise.

The temperature rise value for an individual winding above liquid shall be obtained with rated
current in the winding.

In the determination of winding temperature rise above medium cooling medium, the liquid
temperature rise for the relevant loading case will be recalculated from the total loss injection
test, according to 7.13, and likewise the winding temperature rise above liquid for each
winding, as applicable.

Guidance for recalculation of losses in multi-winding transformers is given in [IEC 60076-8.

The injection of total loss for the determination of liquid temperature rise may be made:

e either in a manner as near as possible to the actual loading case, by injecting the current
corresponding to the total losses in one winding, the other ones being simultaneously
short-circuited or connected to an impedance;

e or in an approximate manner by not short-circuiting or closing certain windings; for
example if one of the windings has a relatively low rated power and low contribution to the
total loss of the transformer, it may be acceptable to leave it open and raise the current in
the other windings concerned until the correct total loss is obtained.

If none of the methods above can be applied in full, because of limitations of test facilities, it
may be agreed to perform the test with reduced loss, down to 80 % of the correct value. Then
the measured temperature value shall be corrected according to 7.13.

The details of the temperature rise test for a multi-winding transformer should, as a rule, be
presented and agreed already at the tender stage.

For multi-core transformers with windings that do not have external connections, the
temperature rise test method should be agreed at the tender stage. The use of additional test
bushings may be appropriate.

7.4 Determination of liquid temperatures
7.41 Top-liquid temperature

The top-liquid temperature (60) is conventionally determined by one or more sensors
immersed in the insulating liquid at the top of the tank or, in pockets in the cover.
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