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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 113 
____________ 114 

 115 
POWER TRANSFORMERS –  116 

 117 
Part 2: Thermal performance measurement and test procedures for liquid-118 

immersed transformers 119 
 120 
 121 

FOREWORD 122 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 123 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 124 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 125 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 126 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 127 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 128 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 129 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 130 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 131 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 132 
consensus of opinion on the relevant subjects since each technical committee has representation from all 133 
interested IEC National Committees.  134 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 135 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 136 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 137 
misinterpretation by any end user. 138 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 139 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 140 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 141 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 142 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 143 
services carried out by independent certification bodies. 144 

6) All users should ensure that they have the latest edition of this publication. 145 
7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 146 

members of its technical committees and IEC National Committees for any personal injury, property damage or 147 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 148 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 149 
Publications.  150 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 151 
indispensable for the correct application of this publication. 152 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 153 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 154 

International Standard IEC 60076-2 has been prepared by IEC technical committee 14: Power 155 
transformers. 156 

This forth edition cancels and replaces the third edition published in 2011. It is a technical 157 
revision. 158 

This edition includes the following significant technical changes with respect to the previous 159 
edition based on guidance provided by IEC TC 14 AHG 36:  160 

a) the title is changed to: Thermal performance measurement and test procedures for liquid-161 
immersed transformers; 162 

b) the scope is changed to: This part of IEC 60076 applies to liquid-immersed transformers, 163 
verifies compliance with temperature requirements and gives the methods for temperature 164 
rise tests;  165 

c) the clauses 4, 5, and 6 are moved from edition 2011 to IEC 60076-1 revised document 166 
including the temperature rise limits and ambient temperature reference values; 167 
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d) the modalities for the temperature rise test were improved in relation to the new thermal 168 
requirements; 169 

e) the core temperature test and corresponding temperature rise determination is introduced; 170 
f) annexes B, D and E are modified, and three informative annexes F, G and H are added in 171 

order to facilitate the standard application.  172 
 173 
The text of this standard is based on the following documents: 174 

FDIS Report on voting 

14/669/FDIS 14/676/RVD 

 175 
Full information on the voting for the approval of this standard can be found in the report on 176 
voting indicated in the above table. 177 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 178 

A list of all parts of the IEC 60076 series can be found, under the general title Power 179 
transformers, on the IEC website. 180 

The committee has decided that the contents of this publication will remain unchanged until the 181 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 182 
the specific publication. At this date, the publication will be  183 

• reconfirmed, 184 
• withdrawn, 185 
• replaced by a revised edition, or 186 
• amended. 187 

 188 

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. 

 189 

190 
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POWER TRANSFORMERS –  191 
 192 

Part 2: Thermal performance measurement and test procedures for liquid-193 
immersed transformers 194 

 195 
 196 

1 Scope 197 

This part of IEC 60076 applies to liquid-immersed transformers, verifies compliance with 198 
temperature requirements and gives the methods for temperature rise tests.  199 

2 Normative references 200 

The following referenced documents are indispensable for the application of this document. For 201 
dated references, only the edition cited applies. For undated references, the latest edition of 202 
the referenced document (including any amendments) applies. 203 

IEC 60076-1, Power transformers – Part 1: General 204 

IEC 60076-8, Power transformers – Part 8: Application guide 205 

IEC 60085, Electrical insulation – Thermal evaluation and designation  206 

IEC 61181, Mineral oil-filled electrical equipment – Application of dissolved gas analysis (DGA) 207 
to factory tests on electrical equipment 208 

IEC Guide 115, Application of uncertainty of measurement to conformity assessment activities 209 
in the electrotechnical sector 210 

3 Terms and definitions 211 

For the purposes of this document, the terms and definitions given in IEC 60076-1 and the 212 
following apply. 213 

3.1  214 
bottom-liquid temperature  215 

bθ  216 
the temperature of the insulating liquid as measured at the height of the bottom of the windings 217 
or to the liquid flowing from the liquid cooling equipment 218 

3.2  219 
bottom-liquid temperature rise  220 

bθ∆  221 
the difference between the bottom-liquid temperature and the external cooling medium 222 
temperature 223 

3.3  224 
average liquid temperature  225 

omθ  226 
the average temperature of the top-liquid and bottom liquid temperatures 227 
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3.4  228 
average liquid temperature rise  229 

omθ∆  230 
the difference between the average liquid temperature and the external cooling medium 231 
temperature 232 

3.5  233 
temperature estimated from resistance measurement 234 
θ2 235 
the temperature estimated form resistance measurements at shut down 236 

3.6  237 
average liquid temperature at shut down 238 
θ'om 239 
the average temperature of the top-liquid and bottom liquid temperatures at shut down 240 

3.7  241 
average winding gradient  242 
g  243 
the difference between the average winding temperature and the average insulating liquid 244 
temperature 245 

3.8  246 
hot-spot to top-liquid temperature gradient 247 
Δθh-o 248 
the difference between the hot-spot temperature and the top insulating liquid temperature 249 

3.9  250 
hottest winding temperature reading at shut down 251 
θ' 252 
the hottest winding temperature of winding conductors in contact with solid insulation or 253 
insulating liquid at shut down 254 

3.10  255 
top-liquid temperature at shutdown 256 
θ'o 257 
the temperature of the insulating liquid at the top of the tank at shut down, representative of 258 
top-liquid in the cooling flow stream 259 
 260 
3.11  261 
hot-spot factor  262 
𝑯𝑯 263 
a dimensionless factor to estimate the local increase of the winding gradient due to the increase 264 
of additional loss and variation in the liquid flow stream 265 

3.12  266 
no-load top-liquid temperature  267 
θco 268 
the temperature of the top liquid at the end of the no-load temperature rise test measured at 269 
the same tank location as the top-oil temperature defined in 3.8 270 

3.13  271 
no-load bottom-liquid temperature 272 
θcb 273 
the temperature of the bottom liquid at the bottom of the tank at the end of the no-load 274 
temperature rise test measured at the same tank location as the bottom-oil temperature defined 275 
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in 3.10. If the valves are closed then the location is at the tank height of bottom yoke central 276 
line. 277 

3.14  278 
core temperature rise 279 
Δθc 280 
the temperature gradient between the core  and liquid temperatures measured at the end of the 281 
no-load test and sum of this gradient and the corresponding oil temperature rise obtained at the 282 
total loss.  283 

3.15  284 
shutdown  285 
the moment when supply current is switched off  286 

 287 
  288 

Full document details: 23/30474910 DC

http://www.avadocuments.com/doc/23-30474910-dc
http://www.avadocuments.com/doc/23-30474910-dc


 – 10 – IEC CD 60076-2  IEC:2023 

4 Temperature rise tests 289 

4.1 General 290 

The following subclauses describe the procedures for the determination of temperature and 291 
temperature rise values during factory testing and also the methods for substituting service 292 
loading conditions by equivalent test procedures. 293 

The temperature rise test is the type test carried out to verify the guaranteed temperature rises 294 
in insulation liquid and windings as given in IEC 60076-1, Clause 5.4.  295 

A corresponding reverse correction may be applied in cases where altitude of the factory is 296 
above 1 000 m and the altitude of the installation site is below 1 000 m. 297 

It  is also used to reveal the possible overheated locations inside and outside windings due to 298 
high stray fields for the high powers. In addition, as indicated above, the temperature rises 299 
obtained during a heat-run test are used for estimating transformer loading capability by 300 
application of the relevant thermal models. 301 

During a temperature rise test the following temperatures are possible to measure and 302 
determine: 303 

- External cooling medium temperature 304 
- Top-liquid temperature 305 
- Bottom-liquid temperature 306 
- Average liquid temperature 307 
- Average winding temperatures 308 
- Structural parts/tank  309 
- Core temperature 310 
- Hot-spot temperatures, hottest winding temperatures  311 

During the temperature rise test, the transformer shall be equipped with any protective and 312 
monitoring devices that would be present in service (for example, gas in oil monitors and 313 
Buchholz relay). Any indication from these devices during the test shall be noted and the case 314 
investigated. 315 

In the case of a transformer with more than one value of rated power (for example, when two 316 
or more cooling methods are provided), a temperature rise test shall be in principle performed 317 
for each rated power in order to obtain the corresponding temperature rises and thermal 318 
parameters. By agreement between manufacturer and purchaser the number of tests can be 319 
reduced if purchaser accepts to use the calculated parameters. 320 

The interpretation of the test results shall be based on the recommended values of temperature 321 
rise as specified  in IEC 60076-1 Clauses 5.3, 5.4, Annex H. 322 

  323 
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4.2 Temperature of the external cooling media (air or water) 324 
The external cooling medium is defined by the third letter code in the cooling method (see IEC 325 
60076-1, Clauses 5.2 and  5.3) 326 
 327 

4.2.1 Air temperature  328 

For the temperature rise test, the cooling air temperature shall be in the range between 10 °C 329 
and the maximum ambient temperature for which the transformer is designed, see Clause 4.2 330 
in IEC 60076-1. 331 

At least four sensors shall be provided, and the lowest of their readings shall be used to 332 
determine the ambient temperature for the evaluation of the test results. For tests on large 333 
power transformers, 100MVA and above, the number of provided sensors shall be increased to 334 
at least six. 335 
NOTE. The number of sensors is recommended to be adjusted in such a way that the expected average of the 336 
readings is affected less than 0.5K if any single sensor is disregarded.  337 

Readings should be taken at regular intervals, (e.g., every minute, to be synchronize with other 338 
temperature measurements), by automatic continuous recording. 339 

Around a naturally cooled transformer (..AN) equipped with radiators , the ambient sensors shall 340 
be placed at the level of the bottom of the radiators, Figure 4.1, for transformers with corrugated 341 
tank they shall be placed halfway up of the cooling equipment. The sensors shall be distributed 342 
around the transformer tank and 2m away from the cooling equipment or the corrugated tank, 343 
Figure 4.1.  344 
NOTE. If the AN cooling stage is part of AN /AF multistage cooling, and if the fans are installed below the radiators 345 
and are blowing upwards then it is allowed to keep the ambient air sensor at the position required for AF cooling 346 
mode during AN test, see Figure 4.2 below. 347 
 348 
 349 

  350 
 351 

Figure 4.1 – Sensor location around a transformer, AN cooling, figure illustrates a 352 
general piece of cooling equipment, any correlation to a specific type shall be ignored 353 

Around a forced-cooled transformer(..AF), the sensors shall be positioned evenly distributed 354 
over height and air intake area of the cooling equipment. The sensors shall be placed 0,5m 355 
from the air intake of the cooling equipment (the vertical directed air flow would require the 356 
sensor location on this axes), Figure 4.2. Attention shall be paid to possible local recirculation 357 
of hot air. The transformer should be placed so as to minimize obstructions to the air flow and 358 
to provide stable and evenly distributed ambient conditions.  359 
  360 
 361 
 362 
 363 
 364 

Full document details: 23/30474910 DC

http://www.avadocuments.com/doc/23-30474910-dc
http://www.avadocuments.com/doc/23-30474910-dc


 – 12 – IEC CD 60076-2  IEC:2023 

AF special conditions:  365 
 366 

− the horizontal directed air flow would require the sensor placing in this plane, Figure 4.3 367 
and Figure 4.4, at the level of lowest fan and 2 m from the air intake in direction as 368 
indicated, depending on blowing directions.  369 

 370 
Precautions should be taken to minimize variations of cooling-air temperature, during the whole 371 
test period. Rapid variation of readings shall be prevented by use of heat sinks or ambient cans, 372 
see Annex H, for the temperature sensors of thermal time constant approximately same as the 373 
average liquid transformer thermal time constant calculated according to IEC 60076-7 [1].  374 
 375 
When the liquid time constant of the transformer (calculated according to IEC 60076-7 [1]) is 2 376 
h or less, the time constant of the containers shall be between 50% and 150% of that of the 377 
transformer under test. When the liquid time constant of the transformer under test is more than 378 
2 h, the time constant of the containers shall be within 1 h of the liquid time constant of the 379 
transformer under test. 380 
 381 
The time constant of a container shall be taken as the time necessary for its temperature to 382 
change 6.3 °C when the ambient temperature is abruptly changed 10 °C. 383 
 384 
An alternative is to use an ambient temperature sensor with a time constant  less than that of 385 
the transformer but not less than 30 minutes and the ambient temperature sampling interval is 386 
less than 10% of the sensor time constant then any variations may be smoothed by moving 387 
averaging over period of transformer time constant. 388 
 389 
The sensors should be protected from direct heat radiation from the tank and other sources. 390 
 391 

 392 
Figure 4.2 – Sensor location around a transformer, AF cooling, figure illustrates a 393 

general piece of cooling equipment , any correlation to a specific type shall be ignored  394 

 395 
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 396 
Figure 4.3 – Sensor location around a transformer, AF special condition cooling, figure 397 
illustrates a general piece of cooling equipment, any correlation to a specific type shall 398 

be ignored  399 

In the case of separate cooling equipment placed at a distance of at least 3 m from the 400 
transformer tank, the ambient temperature shall be measured around the cooling equipment 401 
applying the same rules given above. 402 

No draft of air, due to open doors, during the test, is allowed. Test should be done as in service 403 
with an adiabatically stable environment. 404 

 405 

Figure 4.4– Sensor location around a transformer, AF special condition cooling, figure 406 
illustrates a general piece of cooling equipment , any correlation to a specific type shall 407 

be ignored 408 
4.2.2 Water temperature 409 

For the temperature rise test, the cooling water temperature should be in the range between 410 
5 °C and the maximum water temperature for which the transformer is designed. 411 

The temperature shall be measured at the intake of the cooling equipment. Readings of 412 
temperature and rate of water flow shall be taken at regular intervals (e.g., every minute, , to 413 
be synchronize with other temperature measurements), or by automatic continuous recording. 414 
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If more than one intake is used the flow weighted average temperature shall be used as external 415 
cooling medium. 416 

Precautions shall be taken to minimize the variations of water cooling flow and temperature 417 
during the test period. 418 

  419 
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4.3 Test methods for temperature rise determination 420 

4.3.1 General  421 

The standard method for the determination of the steady-state temperature rises on the test 422 
floor is the equivalent test in short-circuit connection according to 4.3.2 below. In special cases, 423 
if agreed, the test can be performed applying rated voltage and current by connection to a 424 
suitable load. This is mainly applicable to transformers with low rated power. 425 

A back-to-back method may also be agreed, see IEC 60076-11 for test setup. In this method, 426 
two transformers, one of which is the transformer under test, are connected in parallel and 427 
excited at the rated voltage of the transformer under test. By means of different voltage ratios 428 
or an injected voltage, rated current is made to flow in the windings of the transformer under 429 
test. 430 

The purpose of the test is to obtained: 431 

- the top-liquid, bottom-liquid and average liquid temperature rises in a steady-state 432 
condition with dissipation of total losses; 433 

- the average winding temperature rise at rated current for the average liquid temperature 434 
rise as determined above; 435 

- the hot-spot winding temperature rise at rated current and for the top-liquid temperature 436 
rise as defined above. 437 

A transformer core temperature rise cannot be obtained by the standard method used to 438 
estimate the winding and liquid temperature rises. Therefore, the special no-load temperature 439 
test is defined in 4.3.3. The outcome of this test is core temperature rise over corresponding 440 
liquid temperature, e.g. over the corresponding liquid temperature measured at the same 441 
location as under the standard temperature test. The temperature rise measurement of 442 
structural parts is not usually requested due to complexity of sensor installation and it shall be 443 
treated as a special test, details are given in Annex E. 444 

4.3.2 Test by short-circuit method for two winding transformers with/without buried 445 
tertiary winding 446 

The provided procedures will consider three different approaches which are applied based on 447 
a purchaser need. Some possible setups are listed below. 448 

During this test the transformer is not subjected to rated voltage and rated current 449 
simultaneously, but to the measured total losses, previously obtained by two separate 450 
determinations of losses, namely load loss at reference temperature and no-load loss (see 451 
IEC 60076-1, Clause 10). 452 

For tapping position requirement during temperature rise test see IEC 60076-1, Clause 6.6. 453 

 Temperature rise test conducted to verify the steady state temperature rise 454 
limits 455 

This is achieved in three testing steps: 456 

a) Transformer heating step 457 

In this step the temperature of the transformer is increased to a level closed to expected 458 
value to be achieved in step b. In order to reduce the duration of this step one or more 459 
of the following approaches may be used.  460 

I. Heating step option 1, manufacturer responsibility 461 
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the radiator/cooler valves shall be operated to prevent full cooling effect, the cooling 462 
equipment not fully operated, (as far as it does not hamper the heat transfer between 463 
the windings and the liquid as it is case in OD transformers with coolers where 464 
always at least one pump shall be hold in operation), and extra losses in excess of 465 
the total losses to be supplied ( up to 130% of rated current). The condition to be 466 
hold up to the calculated top liquid temperature rise steady state value is reached. 467 
Once the expected (precalculated) top-liquid temperature rise is reached the valves 468 
shall be opened, cooling equipment operated in the intended service mode, and the 469 
supply losses corrected to the total losses by supplying a corresponding test current. 470 
Accelerated temperature rise test for distribution transformer may include isolation 471 
of the radiating heat tank surfaces. 472 

II. Heating step option 2, specified by the purchaser considering direct measurements of 473 
the winding temperature 474 

test starts by injection of an overload current equal to 130% of rated level 475 
corresponding to the considered cooling mode for 8 hours prior changing supply 476 
current to the total losses as explained in step b below.   The test shall be run with 477 
the cooling equipment operated according to intended service mode during the 478 
complete temperature rise test. If the test is conducted by following this approach 479 
then form recorded temperature curves during 8 hours will be possible to estimate 480 
the corresponding transient parameters like the time constants.   481 

b) Total loss injection step 482 
Unless not differently specified, the top-liquid, bottom-liquid and average liquid temperature 483 
rises are established when the transformer is subjected to a test current corresponding to 484 
the total losses of the transformer (see IEC 60076-1, Clause 10). The test current will be 485 
above rated current to the extent necessary for producing an additional amount of loss equal 486 
to the no-load loss at rated voltage, and the winding temperature rise will be correspondingly 487 
elevated. 488 

 The liquid temperatures and cooling medium temperature are monitored, and the test is 489 
continued until steady-state liquid temperature rises are established. 490 

 This part of the test may be terminated when the rate of change of top-liquid temperature 491 
rise has fallen below 1 K/h for a minimum of three consecutive hours and the hourly rate of 492 
change is not increasing during this period. If discrete readings have been taken at regular 493 
intervals, the mean value of the readings during the last hour is taken as the result of the 494 
test. If continuous automatic recording is applied, the average value during the last hour is 495 
taken. 496 

NOTE An alternative method to estimate the steady state temperature rises prior reaching the above defined end 497 
of this part of test is given in Annex G. 498 

c) Rated current injection 499 
 After the top-liquid, bottom-liquid and average liquid temperature rises have been 500 

established, the test shall be continued without a break with the test current reduced to rated 501 
current for the winding combination connected. This condition is maintained for duration 502 
between 60 and 90 minutes, during which time continuous temperature records of top-liquid, 503 
bottom-liquid, winding hot-spot and external cooling medium should be taken at least every 504 
1 min. 505 

 At the shutdown, the resistances of the windings are determined according to  4.6.1. 506 
 507 
  508 
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