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Publication numbering 

As from 1 January 1997 all IEC publications are issued with a designation in the 
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1. 

Consolidated editions 

The IEC is now publishing consolidated versions of its publications. For example, 
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the 
base publication incorporating amendment 1 and the base publication incorporating 
amendments 1 and 2. 

Further information on IEC publications 

The technical content of IEC publications is kept under constant review by the IEC, 
thus ensuring that the content reflects current technology. Information relating to 
this publication, including its validity, is available in the IEC Catalogue of 
publications (see below) in addition to new editions, amendments and corrigenda. 
Information on the subjects under consideration and work in progress undertaken 
by the technical committee which has prepared this publication, as well as the list 
of publications issued, is also available from the following: 

• IEC Web Site (www.iec.ch) 

• Catalogue of IEC publications 

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to 
search by a variety of criteria including text searches, technical committees 
and date of publication. On-line information is also available on recently issued 
publications, withdrawn and replaced publications, as well as corrigenda.  

• IEC Just Published  

This summary of recently issued publications (www.iec.ch/online_news/ justpub) 
is also available by email. Please contact the Customer Service Centre (see 
below) for further information. 

• Customer Service Centre 

If you have any questions regarding this publication or need further assistance, 
please contact the Customer Service Centre:  
 

Email: custserv@iec.ch 
Tel:  +41 22 919 02 11 
Fax:  +41 22 919 03 00 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh Standards
(https://standards.iteh.ai)

Document Preview
IEC 60076-11:2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004

http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004


 
 
 
 
 
 
 
 
 

Power transformers – 

Part 11: 
Dry-type transformers 
 

For price, see current catalogue

  IEC 2004 Copyright - all rights reserved 

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, 
including photocopying and microfilm, without permission in writing from the publisher. 

International Electrotechnical Commission,  3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch 

INTERNATIONAL 
STANDARD 

IEC
60076-11

 First edition
2004-05

 

W Commission Electrotechnique Internationale
International Electrotechnical Commission
Международная Электротехническая Комиссия

PRICE CODE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh Standards
(https://standards.iteh.ai)

Document Preview
IEC 60076-11:2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004


60076-11   IEC:2004 – 3 –  

 

CONTENTS 

FOREWORD...........................................................................................................................9 
 
1 Scope............................................................................................................................. 13 
2 Normative references ..................................................................................................... 13 
3 Definitions ...................................................................................................................... 15 
4 Service conditions .......................................................................................................... 15 

4.1 General ................................................................................................................. 15 
4.2 Normal service conditions ..................................................................................... 15 
4.3 Electromagnetic compatibility (EMC) ..................................................................... 17 
4.4 Provision for unusual service conditions ................................................................ 17 
4.5 Transport and storage conditions .......................................................................... 19 

5 Tappings ........................................................................................................................ 19 
6 Connections ................................................................................................................... 19 
7 Ability to withstand short circuit ...................................................................................... 19 
8 Rating ............................................................................................................................ 21 

8.1 General ................................................................................................................. 21 
8.2 Rated power .......................................................................................................... 21 
8.3 Preferred values of rated power ............................................................................ 21 
8.4 Operation at higher than rated voltage .................................................................. 21 
8.5 Operation with fan cooling ..................................................................................... 21 
8.6 Operation in an enclosure ..................................................................................... 21 

9 Rating plate .................................................................................................................... 23 
9.1 Rating plate fitted to the transformer ..................................................................... 23 
9.2 Rating plate fitted to the transformer enclosure ..................................................... 23 

10 Identification according to cooling method ...................................................................... 23 
10.1 Identification symbols ............................................................................................ 23 
10.2 Arrangement of symbols ........................................................................................ 25 

11 Temperature-rise limits ................................................................................................... 25 
11.1 Normal temperature-rise limits............................................................................... 25 
11.2 Reduced temperature rises for transformers designed for high cooling air 

temperatures or special air cooling conditions ....................................................... 27 
11.3 High altitude temperature rise correction ............................................................... 27 

12 Insulation levels ............................................................................................................. 27 
12.1 General ................................................................................................................. 27 
12.2 Transformers for use at high altitudes ................................................................... 31 

13 Climatic, environmental and fire behaviour classes......................................................... 31 
13.1 Climatic classes .................................................................................................... 31 
13.2 Environmental classes........................................................................................... 31 
13.3 Fire behaviour classes .......................................................................................... 31 
13.4 Test criteria for climatic, environmental and fire behaviour classes........................ 33 

14 General requirements for tests ....................................................................................... 33 
15 Measurement of winding resistance (routine test) ........................................................... 33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh Standards
(https://standards.iteh.ai)

Document Preview
IEC 60076-11:2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004


60076-11   IEC:2004 – 5 –  

 

16 Measurement of voltage ratio and check of phase displacement (routine test) ................ 35 
17 Measurement of short-circuit impedance and load loss (routine test) .............................. 35 
18 Measurement of no-load loss and current (routine test) .................................................. 35 
19 Separate-source AC withstand voltage test (routine test)................................................ 35 
20 Induced AC withstand voltage test (routine test) ............................................................. 35 
21 Lightning impulse test (type test) .................................................................................... 37 
22 Partial discharge measurement (routine and special test) ............................................... 37 

22.1 General ................................................................................................................. 37 
22.2 Basic measuring circuit (typical only)..................................................................... 37 
22.3 Calibration of the measuring circuit ....................................................................... 37 
22.4 Voltage application ................................................................................................ 39 
22.5 Partial discharge acceptance levels....................................................................... 41 

23 Temperature-rise test (type test) .................................................................................... 43 
23.1 General ................................................................................................................. 43 
23.2 Methods of loading ................................................................................................ 43 
23.3 Winding temperature-rise correction for reduced current ....................................... 49 
23.4 Determination of steady state conditions ............................................................... 49 

24 Measurement of sound level (special test) ...................................................................... 49 
25 Short-circuit test (special test) ........................................................................................ 51 
26 Environmental test (special test)..................................................................................... 51 

26.1 General ................................................................................................................. 51 
26.2 Validity of the test ................................................................................................. 51 
26.3 Testing procedure ................................................................................................. 51 

27 Climatic test (special test) .............................................................................................. 53 
27.1 Thermal shock test (special test) ........................................................................... 53 
27.2 Validity of the test ................................................................................................. 53 
27.3 Thermal shock test for C1 class transformers ........................................................ 55 
27.4 Thermal shock test for C2 class transformers ........................................................ 57 

28 Fire behaviour test (special test) .................................................................................... 57 
28.1 General ................................................................................................................. 57 
28.2 Checking of corrosive and harmful gases emission................................................ 57 
28.3 Fire behaviour test for F1 class transformer .......................................................... 59 
28.4 Quantities to be measured and measuring devices ................................................ 63 
28.5 Calibration of the test chamber without test object................................................. 63 
28.6 Test method .......................................................................................................... 63 
28.7 Test report ............................................................................................................ 65 
28.8 Criteria for evaluating the test results .................................................................... 65 

29 Tolerances ..................................................................................................................... 67 
30 Protection against direct contact..................................................................................... 67 
31 Degrees of protection provided by enclosures ................................................................ 67 
32 Earthing terminal ............................................................................................................ 67 
33 Information required with enquiry and order.................................................................... 67 
 
Annex A (informative)  Installation and safety of dry-type transformers ................................. 73 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh Standards
(https://standards.iteh.ai)

Document Preview
IEC 60076-11:2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004


60076-11   IEC:2004 – 7 –  

 

 

Figure 1 – Basic measuring circuit for the partial discharge test  for a single-phase 
transformer ........................................................................................................................... 39 
Figure 2 – Basic measuring circuit for the partial discharge test  for a three-phase 
transformer ........................................................................................................................... 39 
Figure 3 – Voltage application for routine partial discharge test ............................................ 41 
Figure 4 – Voltage application for special partial discharge test ............................................ 41 
Figure 5 – Example of back-to- back method – Single phase. ............................................... 47 
Figure 6 – Example of back-to-back method – Three-phase .................................................. 47 
Figure 7 – Test chamber ....................................................................................................... 69 
Figure 8 – Test chamber details ............................................................................................ 71 

 

Table 1 – Letter symbols.......................................................................................................25 
Table 2 – Winding temperature-rise limits ............................................................................. 27 
Table 3 – Insulation levels based on European practice ........................................................ 29 
Table 4 – Insulation levels based on North American practice............................................... 29 
Table 5 – sequence of tests .................................................................................................. 33 
Table 6 – Dimensions of test chamber (see Figures 7 and 8) ................................................ 61 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh Standards
(https://standards.iteh.ai)

Document Preview
IEC 60076-11:2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004

https://standards.iteh.ai/catalog/standards/iec/b681d187-7be6-4351-b8bd-d08ec2c062ec/iec-60076-11-2004


60076-11   IEC:2004 – 9 –  

 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
POWER TRANSFORMERS – 

 
Part 11: Dry-type transformers 

 
 

FOREWORD 
1) 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. 

2) 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.  

3) 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. 

4) 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. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) 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.  

8) 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. 

9) 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 60076-11 has been prepared by IEC technical committee 14: 
Power transformers. 

This standard cancels and replaces IEC 60726 (1982) and its amendment 1 (1986).  

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

FDIS Report on voting 

14/476/FDIS 14/484/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. 
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IEC 60076 consists of the following parts, under the general title Power transformers: 

Part 1: General 
Part 2: Temperature rise 
Part 3: Insulation levels, dielectric tests and external clearances in air 
Part 4: Guide to lightning impulse and switching impulse testing – Power transformers 

and reactors 
Part 5: Ability to withstand short-circuit 

Part 6:  Reactors 1 
Part 7:  Loading guide for oil-immersed power transformers 1 
Part 8: Application guide 
Part 10: Determination of sound levels 
Part 10-1:  Determination of transformer and reactor sound levels – User guide 1 
Part 11: Dry-type transformers 
Part 12:  Loading guide for dry-type power transformers 1 
Part 13:  Self protected liquid filled transformers 1 
Part 14:  Guide for the design and application of liquid-immersed power transformers 

using high-temperature insulation materials 1 
Part 15:  Gas-filled-type power transformers 1 

 
The committee has decided that the contents of this publication will remain unchanged until 
2006. At this date, the publication will be  

• reconfirmed; 
• withdrawn; 
• replaced by a revised edition, or 
• amended. 
 

___________ 
1 Under consideration. 
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POWER TRANSFORMERS – 
 

Part 11: Dry-type transformers 
 
 
 

1 Scope 

This part of IEC 60076 applies to dry-type power transformers (including auto-transformers) 
having values of highest voltage for equipment up to and including 36 kV and at least one 
winding operating at greater than 1,1 kV. The standard applies to all construction 
technologies. 

This standard does not apply to: 

– gas-filled dry type transformers where the gas is not air; 
– single-phase transformers rated at less than 5 kVA; 
– polyphase transformers rated at less than 15 kVA; 
– instrument transformers (see IEC 60044 and IEC 60186); 
– starting transformers; 
– testing transformers; 
– traction transformers mounted on rolling stock; 
– flameproof and mining transformers; 
– welding transformers; 
– voltage regulating transformers; 
– small power transformers in which safety is a special consideration. 

Where IEC standards do not exist for the transformers mentioned above or for other special 
transformers, this standard may be applicable as a whole or in parts. 

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 60050 (all parts), International electrotechnical vocabulary (IEV) 

IEC 60071 (all parts), Insulation co-ordination 

IEC 60076-1:1993, Power transformers – Part 1: General   
Amendment 1 (1999) 

IEC 60076-2, Power transformers – Part 2: Temperature rise 

IEC 60076-3, Power transformers – Part 3: Insulation levels, dielectric tests and external 
clearances in air 
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IEC 60076-5, Power transformers – Part 5: Ability to withstand short-circuit 

IEC 60076-10, Power transformers – Part 10: Determination of sound levels 

IEC 60085, Thermal evaluation and classification of electrical insulation 

IEC 60270, High-voltage test techniques – Partial discharge measurements 

IEC 60332-3-10, Tests on electric cables under fire conditions – Part 3-10: Test for vertical 
flame spread of vertically-mounted bunched wires or cables – Apparatus 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 60905:1987, Loading guide for dry-type power transformers 

IEC 61330, High-voltage/low voltage prefabricated substations 

3 Terms and definitions 

For the purpose of this part of IEC 60076, the following terms and definitions apply.  

3.1  
dry-type transformer 
transformer of which the magnetic circuit and windings are not immersed in an insulating 
liquid  

3.2  
totally enclosed dry-type transformer 
transformer in an un-pressurised enclosure cooled by the circulation of the internal air 

3.3  
enclosed dry-type transformer 
transformer in a ventilated enclosure cooled by the circulation of the external air 

3.4  
non-enclosed dry-type transformer 
transformer supplied without a protective enclosure cooled by natural or forced air ventilation 

4 Service conditions 

4.1 General 

The requirements of IEC 60076-1 apply to dry-type transformers only in so far as they are 
referred to in this standard. 

4.2 Normal service conditions 

4.2.1 General 

Unless otherwise stated, the service conditions in 4.2.2 to 4.2.6 apply. When transformers are 
required to operate outside the normal service conditions, de-rating in accordance with 11.2 
and/or 11.3 applies. 
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4.2.2 Altitude 

A height above sea level not exceeding 1 000 m. 

4.2.3 Temperature of cooling air 

The temperature of cooling air not exceeding: 

40 °C at any time;  
30 °C monthly average of the hottest month; 
20 °C yearly average. 

and not below: 

–25 °C in the case of outdoor transformers; 
–5 °C in the case of indoor transformers. 

where the monthly and yearly averages are as defined in 3.12 of IEC 60076-1. 

4.2.4 Wave-shape of supply voltage 

A supply voltage of which the waveshape is approximately sinusoidal. 

NOTE This requirement is normally not critical in public supply systems but may have to be considered in 
installations with considerable converter loading. In such cases, there is a conventional rule that the deformation 
shall neither exceed 5 % total harmonic content nor 1 % even harmonic content, see IEC 61000-2-4. Also note the 
importance of current harmonics for load loss and temperature rise, see IEC 61378-1. 

4.2.5 Symmetry of polyphase supply voltages 

For three-phase transformers, a set of three-phase supply voltages which are approximately 
symmetrical. 

4.2.6 Humidity 

The relative humidity of the surrounding air shall be less than 93 %. No drops of water shall 
be present on the surface of the coils. 

4.3 Electromagnetic compatibility (EMC) 

Transformers shall be considered as passive elements in respect to emission and immunity to 
electromagnetic disturbances. 

4.4 Provision for unusual service conditions 

The purchaser shall identify in his enquiry any service conditions not covered by the normal 
service conditions in 4.2. Examples of such conditions are: 

– high or low ambient temperature outside the limits prescribed in 4.2.3; 
– restricted ventilation; 
– altitude in excess of the limit prescribed in 4.2.2; 
– damaging fumes and vapours; 
– steam; 
– humidity in excess of the limit prescribed in 4.2.6; 
– dripping water; 
– salt spray; 
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– excessive and abrasive dust; 
– high harmonic content of the load current; 
– distortion of the supply voltage waveform; 
– fast transient overvoltages over the limits prescribed in 12.1 and Clause 21; 
– associated power factor correction and method of capacitor switching to limit inrush 

current; 
– superimposed DC current; 
– seismic qualification which would otherwise require special considerations in the design; 
– extreme mechanical shock and vibrations; 
– transport and storage conditions not covered by the normal condition described in 4.5. 

Transformer specification for operation under such abnormal conditions shall be subject to 
agreement between the supplier and purchaser. 

Supplementary requirements, within defined limits, for the rating and testing of transformers 
designed for other than normal service conditions listed in 4.2, such as high temperature of 
cooling air or altitude above 1 000 m are given in 11.2 and 11.3. 

4.5 Transport and storage conditions 

All transformers shall be suitable for transportation and storage at ambient temperatures 
down to –25 °C. 

The supplier shall be informed of anticipated high levels of shock, vibration and inclination 
during transportation to site.  

5 Tappings 

The requirements in IEC 60076-1 Clause 5 applies. The preferred tapping range is either: 

± 5 % in steps of 2,5 % (5 tap positions); 
or  
± 5 % (3 tap positions). 

Tapping selection shall be made off-circuit by the use of bolted links or off-circuit tap-
changers.  

6 Connections 

Unless otherwise specified by the purchaser, transformer connections shall be Dyn with clock 
hour figure 5 or 11 in accordance with Clause 6 of IEC 60076-1. The neutral connection shall 
be capable of carrying full phase rated current. 

7 Ability to withstand short circuit 

Transformers shall fulfil the requirements in IEC 60076-5. If the purchaser requires a test to 
demonstrate this fulfilment, this shall be stated in the contract. 
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