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Foreword 

The text of document 14/675/FDIS, future edition 2 of IEC 60076-1, prepared by IEC TC 14, Power 
transformers, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as 
EN 60076-1 on 2011-05-25. 

This European Standard supersedes EN 60076-1:1997 + A1:2000 + A12:2002. 

EN 60076-1:2011 includes the following significant technical changes with respect to EN 60076-1:1997: 

– addition of a definition of harmonic content; 

– addition of a subclause on transport; 

– addition of functional method of specification; 

– addition of connection symbols for single phase transformers; 

– addition of safety and environmental requirements; 

– addition of requirements for liquid preservation systems;  

– addition of a clause on DC currents; 

– addition of vacuum, pressure and leak tests on tanks; 

– the requirements formerly in Annex A are now incorporated in the text and Annex A is now an 
 informative checklist; 

– informative annexes have been added on facilities for condition monitoring and environmental and 
 safety considerations.  

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent 
rights. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2012-05-04 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2014-05-25 

Annex ZA has been added by CENELEC. 

__________ 

Endorsement notice 

The text of the International Standard IEC 60076-1:2011 was approved by CENELEC as a European 
Standard without any modification. 
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In the official version, for Bibliography, the following notes have to be added for the standards indicated: 

IEC 60060 series NOTE   Harmonized in EN 60060 series (not modified). 

IEC 60068-3-3 NOTE   Harmonized as EN 60068-3-3. 

IEC 60076-4 NOTE   Harmonized as EN 60076-4. 

IEC 60076-6 NOTE   Harmonized as EN 60076-6. 

IEC 60076-13 NOTE   Harmonized as EN 60076-13. 

IEC 60270 NOTE   Harmonized as EN 60270. 

IEC 60310 NOTE   Harmonized as EN 60310. 

IEC 60529:1989 NOTE   Harmonized as EN 60529:1991 (not modified). 

IEC 61378 series NOTE   Harmonized in EN 61378 series (not modified). 

IEC 61378-1 NOTE   Harmonized as EN 61378-1. 

IEC 61378-2 NOTE   Harmonized as EN 61378-2. 

__________ 
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Annex ZA 
(normative) 

  
Normative references to international publications 

with their corresponding European publications 
  
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.  
  
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  
  
Publication Year Title EN/HD Year 
  

IEC 60076-2 - Power transformers -  
Part 2: Temperature rise for liquid-immersed 
transformers 

EN 60076-2 - 

 

  

IEC 60076-3 2000 Power transformers -  
Part 3: Insulation levels, dielectric tests and 
external clearances in air 

EN 60076-3 2001 

 

  

IEC 60076-5 2006 Power transformers -  
Part 5: Ability to withstand short circuit 

EN 60076-5 2006 
 

  

IEC 60076-10 2001 Power transformers -  
Part 10: Determination of sound levels 

EN 60076-10 2001 
 

  

IEC 60076-11 2004 Power transformers -  
Part 11: Dry-type transformers 

EN 60076-11 2004 
 

  

IEC 60137 2008 Insulated bushings for alternating voltages 
above 1 000 V 

EN 60137 2008 
 

  

IEC 60214-1 2003 Tap-changers -  
Part 1: Performance requirements and test 
methods 

EN 60214-1 2003 

 

  

IEC 60296 2003 Fluids for electrotechnical applications - 
Unused mineral insulating oils for 
transformers and switchgear 

EN 60296 
+ corr. September 

2004 
2004 

 

  

IEC 60721-3-4 1995 Classification of environmental conditions -  
Part 3: Classification of groups of 
environmental parameters  
and their severities -  
Section 4: Stationary use at non-
weatherprotected locations 

EN 60721-3-4 1995 

 

  

ISO 9001 2008 Quality management systems -  
Requirements 

EN ISO 9001 2008 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
___________ 

 
POWER TRANSFORMERS –  

 
Part 1: General 

 
 

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 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. 

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 60076-1 has been prepared by IEC technical committee 14: Power 
transformers. 

This third edition cancels and replaces the second edition published in 1993, and its 
Amendment 1(1999). It is a technical revision. 

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

– addition of a definition of harmonic content; 
– addition of a subclause on transport; 
– addition of functional method of specification; 
– addition of connection symbols for single phase transformers; 
– addition of safety and environmental requirements; 
– addition of requirements for liquid preservation systems; 
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– addition of a clause on DC currents; 
– addition of vacuum, pressure and leak tests on tanks; 
– the requirements formerly in Annex A are now incorporated in the text and Annex A is 

now an informative checklist; 
– informative annexes have been added on facilities for condition monitoring and 

environmental and safety considerations. 

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

FDIS Report on voting 

14/675/FDIS 14/682/RVD 

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

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

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

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

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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POWER TRANSFORMERS –  
 

Part 1: General 
 
 
 

1 Scope 

This part of IEC 60076 applies to three-phase and single-phase power transformers (including 
auto-transformers) with the exception of certain categories of small and special transformers 
such as: 

– single-phase transformers with rated power less than 1 kVA and three-phase transformers 
less than 5 kVA; 

– transformers, which have no windings with rated voltage higher than 1 000 V; 
– instrument transformers; 
– traction transformers mounted on rolling stock; 
– starting transformers; 
– testing transformers; 
– welding transformers; 
– explosion-proof and mining transformers; 
– transformers for deep water (submerged) applications. 

When IEC standards do not exist for such categories of transformers (in particular transformer 
having no winding exceeding 1000 V for industrial applications), this part of IEC 60076 may 
still be applicable either as a whole or in part. 

This standard does not address the requirements that would make a transformer suitable for 
mounting in a position accessible to the general public. 

For those categories of power transformers and reactors which have their own IEC standards, 
this part is applicable only to the extent in which it is specifically called up by cross-reference 
in the other standard. Such standards exist for: 

– reactors in general (IEC 60076-6); 
– dry-type transformers (IEC 60076-11); 
– self-protected transformers (IEC 60076-13); 
– gas-filled power transformers (IEC 60076-15);  
– transformers for wind turbine applications (IEC 60076-16); 
– traction transformers and traction reactors (IEC 60310); 
– converter transformers for industrial applications (IEC 61378-1); 
– converter transformers for HVDC applications (IEC 61378-2). 

At several places in this part it is specified or recommended that an 'agreement' should be 
reached concerning alternative or additional technical solutions or procedures. Such 
agreement is made between the manufacturer and the purchaser. The matters should 
preferably be raised at an early stage and the agreements included in the contract 
specification. 
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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 60076-2, Power transformers – Part 2: Temperature rise for liquid-immersed transformers 

IEC 60076-3:2000, Power transformers – Part 3: Insulation levels, dielectric tests and external 
clearances in air 

IEC 60076-5:2006, Power transformers – Part 5: Ability to withstand short circuit 

IEC 60076-10:2001, Power transformers – Part 10: Determination of sound levels 

IEC 60076-11:2004, Power transformers – Part 11: Dry-type transformers  

IEC 60137:2008, Insulated bushings for alternating voltages above 1 000 V 

IEC 60214-1:2003, Tap-changers – Part 1: Performance requirements and test methods 

IEC 60296:2003, Fluids for electrotechnical applications – Unused mineral insulating oils for 
transformers and switchgear  

IEC 60721-3-4:1995, Classification of environmental conditions – Part 3: Classification of 
groups of environmental parameters and their severities – Section 4: Stationary use at non-
weatherprotected locations 

ISO 9001:2008, Quality management systems – Requirements 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply.  

NOTE Other terms use the meanings ascribed to them in the International Electrotechnical Vocabulary (IEV). 

3.1 General 

3.1.1 
power transformer 
a static piece of apparatus with two or more windings which, by electromagnetic induction, 
transforms a system of alternating voltage and current into another system of voltage and 
current usually of different values and at the same frequency for the purpose of transmitting 
electrical power  

[IEC 60050-421:1990, 421-01-01, modified] 

3.1.2 
auto-transformer 
a transformer in which at least two windings have a common part  

[IEC 60050-421:1990, 421-01-11] 

NOTE Where there is a need to express that a transformer is not auto-connected, use is made of terms such as 
separate winding transformer, or double-wound transformer (see IEC 60050-421:1990, 421-01-13). 
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3.1.3 
series transformer 
a transformer, other than an autotransformer, of which one winding is intended to be 
connected in series with a circuit in order to alter its voltage and/or shift its phase. The other 
winding is an energizing winding  

[IEC 60050-421:1990, 421-01-12, modified] 

NOTE Series transformers were called booster transformers in earlier editions of this standard. 

3.1.4 
liquid-immersed type transformer 
a transformer in which the magnetic circuit and windings are immersed in liquid  

3.1.5 
dry-type transformer 
a transformer in which the magnetic circuit and windings are not immersed in an insulating 
liquid  

[IEC 60050-421:1990, 421-01-16] 

3.1.6 
liquid preservation system 
system in a liquid-filled transformer by which the thermal expansion of the liquid is 
accommodated.  

NOTE Contact between the liquid and external air may sometimes be diminished or prevented. 

3.1.7 
specified value 
the value specified by the purchaser at the time of order 

3.1.8 
design value 
the expected value given by the number of turns in the design in the case of turns ratio or 
calculated from the design in the case of impedance, no-load current or other parameters 

3.1.9 
highest voltage for equipment Um applicable to a transformer winding 
the highest r.m.s. phase-to-phase voltage in a three-phase system for which a transformer 
winding is designed in respect of its insulation 

3.2 Terminals and neutral point 

3.2.1 
terminal 
a conducting element intended for connecting a winding to external conductors 

3.2.2 
line terminal 
a terminal intended for connection to a line conductor of a network  

[IEC 60050-421:1990, 421-02-01] 

3.2.3 
neutral terminal 
a) for three-phase transformers and three-phase banks of single-phase transformers: 
 the terminal or terminals connected to the common point (the neutral point) of a star-

connected or zigzag connected winding 
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b) for single-phase transformers: 
 the terminal intended for connection to a neutral point of a network  

[IEC 60050-421:1990, 421-02-02, modified] 

3.2.4 
neutral point 
the point of a symmetrical system of voltages which is normally at zero potential 

3.2.5 
corresponding terminals 
terminals of different windings of a transformer, marked with the same letter or corresponding 
symbol 

[IEC 60050-421:1990, 421-02-03] 

3.3 Windings 

3.3.1 
winding 
the assembly of turns forming an electrical circuit associated with one of the voltages 
assigned to the transformer 

[IEC 60050-421:1990, 421-03-01, modified] 

NOTE For a three-phase transformer, the 'winding' is the combination of the phase windings (see 3.3.3). 

3.3.2 
tapped winding 
a winding in which the effective number of turns can be changed in steps 

3.3.3 
phase winding 
the assembly of turns forming one phase of a three-phase winding 

[IEC 60050-421:1990, 421-03-02, modified] 

NOTE The term 'phase winding' should not be used for identifying the assembly of all coils on a specific leg.  

3.3.4 
high-voltage winding 
HV winding* 
the winding having the highest rated voltage  

[IEC 60050-421:1990, 421-03-03] 

3.3.5 
low-voltage winding 
LV winding* 
the winding having the lowest rated voltage  

[IEC 60050-421:1990, 421-03-04] 

___________ 

*  The winding which receives active power from the supply source in service is referred to as a 'primary winding', 
and that which delivers active power to a load as a 'secondary winding'. These terms have no significance as to 
which of the windings has the higher rated voltage and should not be used except in the context of direction of 
active power flow (see IEC 60050-421:1990, 421-03-06 and 07). A further winding in the transformer, usually 
with lower value of rated power than the secondary winding, is then often referred to as 'tertiary winding', see 
also definition 3.3.8. 
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NOTE For a series transformer, the winding having the lower rated voltage may be that having the higher 
insulation level. 

3.3.6 
intermediate-voltage winding* 
a winding of a multi-winding transformer having a rated voltage intermediate between the 
highest and lowest winding rated voltages  

[IEC 60050-421:1990, 421-03-05] 

3.3.7 
auxiliary winding 
a winding intended only for a small load compared with the rated power of the transformer  

[IEC 60050-421:1990, 421-03-08] 

3.3.8 
stabilizing winding 
a supplementary delta-connected winding provided in a star-star-connected or star-zigzag-
connected transformer to decrease its zero-sequence impedance, see 3.7.3  

[IEC 60050-421:1990, 421-03-09, modified] 

NOTE A winding is referred to as a stabilizing winding only if it is not intended for three-phase connection to an 
external circuit. 

3.3.9 
common winding 
the common part of the windings of an auto-transformer  

[IEC 60050-421:1990, 421-03-10] 

3.3.10 
series winding 
the part of the winding of an auto-transformer or the winding of a series transformer which is 
intended to be connected in series with a circuit  

[IEC 60050-421:1990, 421-03-11, modified] 

3.3.11 
energizing winding (of a series transformer) 
the winding of a series transformer which is intended to supply power to the series winding  

[IEC 60050-421:1990, 421-03-12, modified]  

3.3.12 
auto-connected windings 
the series and common windings of an auto-transformer 

3.4 Rating 

3.4.1 
rating 
those numerical values assigned to the quantities which define the operation of the trans-
former in the conditions specified in this part of IEC 60076 and on which the manufacturer's 
guarantees and the tests are based 

3.4.2 
rated quantities 
quantities (voltage, current, etc.), the numerical values of which define the rating 
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NOTE 1 For transformers having tappings, rated quantities are related to the principal tapping (see 3.5.2), unless 
otherwise specified. Corresponding quantities with analogous meaning, related to other specific tappings, are 
called tapping quantities (see 3.5.9). 

NOTE 2 Voltages and currents are always expressed by their r.m.s. values, unless otherwise specified. 

3.4.3 
rated voltage of a winding  
Ur 
the voltage assigned to be applied, or developed at no-load, between the terminals of an 
untapped winding, or of a tapped winding connected on the principal tapping (see 3.5.2), for a 
three-phase winding it is the voltage between line terminals  

[IEC 60050-421:1990, 421-04-01, modified] 

NOTE 1 The rated voltages of all windings appear simultaneously at no-load when the voltage applied to one of 
them has its rated value. 

NOTE 2 For single-phase transformers intended to be connected in star to form a three-phase bank or to be 
connected between the line and the neutral of a three phase system, the rated voltage is indicated as the phase-to-

phase voltage, divided by 3  for example 3400 kV. 

NOTE 3 For single phase transformers intended to be connected between phases of a network, the rated voltage 
is indicated as the phase-to-phase voltage. 

NOTE 4 For the series winding of a three-phase series transformer, which is designed as an open winding (see 
3.10.5), the rated voltage is indicated as if the windings were connected in star. 

3.4.4 
rated voltage ratio 
the ratio of the rated voltage of a winding to the rated voltage of another winding associated 
with a lower or equal rated voltage  

[IEC 60050-421:1990, 421-04-02, modified] 

3.4.5 
rated frequency  
fr 
the frequency at which the transformer is designed to operate  

[IEC 60050-421:1990, 421-04-03, modified] 

3.4.6 
rated power  
Sr 
conventional value of apparent power assigned to a winding which, together with the rated 
voltage of the winding, determines its rated current 

NOTE Both windings of a two-winding transformer have the same rated power which by definition is the rated 
power of the whole transformer. 

3.4.7 
rated current  
Ir 
the current flowing through a line terminal of a winding which is derived from rated power Sr 
and rated voltage Ur for the winding  

[IEC 60050-421:1990, 421-04-05, modified] 

NOTE 1 For a three-phase winding the rated current Ir is given by:  

r

r
r

3
 

U

S
I

×
=  
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NOTE 2 For single-phase transformer windings intended to be connected in delta to form a three-phase bank, the 

rated current is indicated as line current divided by 3 ,  

3
r lineI

I =  

NOTE 3 For a single phase transformer not intended to be connected to form a three phase bank, the rated 
current is 

 
r

r
r

U

S
I =  

NOTE 4 For open windings (see 3.10.5) of a transformer, the rated current of the open windings is the rated 
power divided by the number of phases and by the rated voltage of the open winding: 

rphases of No.
r

r
U

S
I

×
=  

3.5 Tappings 

3.5.1 
tapping 
in a transformer having a tapped winding, a specific connection of that winding, representing 
a definite effective number of turns in the tapped winding and, consequently, a definite turns 
ratio between this winding and any other winding with a fixed number of turns 

NOTE One of the tappings is the principal tapping, and other tappings are described in relation to the principal 
tapping by their respective tapping factors. See definitions of these terms below.  

3.5.2 
principal tapping 
the tapping to which the rated quantities are related  

[IEC 60050-421:1990, 421-05-02] 

3.5.3 
tapping factor (corresponding to a given tapping) 
the ratio: 

r

d

U
U

(tapping factor) or 100 
r

d

U
U

(tapping factor expressed as a percentage) 

where 
Ur is the rated voltage of the winding (see 3.4.3); 
Ud is the voltage which would be developed at no-load at the terminals of the winding, at 

the tapping concerned, by applying rated voltage to an untapped winding 

NOTE For series transformers, the tapping factor is the ratio of the voltage of the series winding corresponding to 
a given tapping to Ur.  

[IEC 60050-421:1990, 421-05-03, modified] 

3.5.4 
plus tapping 
a tapping whose tapping factor is higher than 1  

[IEC 60050-421:1990, 421-05-04] 
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3.5.5 
minus tapping 
a tapping whose tapping factor is lower than 1  

[IEC 60050-421:1990, 421-05-05] 

3.5.6 
tapping step 
the difference between the tapping factors, expressed as a percentage, of two adjacent 
tappings  

[IEC 60050-421:1990, 421-05-06] 

3.5.7 
tapping range 
the variation range of the tapping factor, expressed as a percentage, compared with the value 
'100' 

NOTE If this factor ranges from 100 + a to 100 – b, the tapping range is said to be: +a %, –b % or ±a %, if a = b. 
[IEC 60050-421:1990, 421-05-07]  

3.5.8 
tapping voltage ratio (of a pair of windings) 
the ratio which is equal to the rated voltage ratio: 

– multiplied by the tapping factor of the tapped winding if this is the high-voltage winding; 
– divided by the tapping factor of the tapped winding if this is the low-voltage winding  

[IEC 60050-421:1990, 421-05-08] 

NOTE While the rated voltage ratio is, by definition, at least equal to 1, the tapping voltage ratio can be lower 
than 1 for certain tappings when the rated voltage ratio is close to 1.  

3.5.9 
tapping quantities 
those quantities the numerical values of which define the duty of a particular tapping (other 
than the principal tapping) 

NOTE Tapping quantities exist for any winding in the transformer, not only for the tapped winding (see 6.2 
and 6.3). 

The tapping quantities are: 

– tapping voltage (analogous to rated voltage, 3.4.3); 

– tapping power (analogous to rated power, 3.4.6); 

– tapping current (analogous to rated current, 3.4.7).  

[IEC 60050-421:1990, 421-05-10, modified] 

3.5.10 
full-power tapping 
a tapping whose tapping power is equal to the rated power  

[IEC 60050-421:1990, 421-05-14] 

3.5.11 
reduced-power tapping 
a tapping whose tapping power is lower than the rated power  

[IEC 60050-421:1990, 421-05-15] 
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3.5.12 
on-load tap-changer  
OLTC 
a device for changing the tapping connections of a winding, suitable for operation while the 
transformer is energized or on load  

[IEC 60050-421:1990, 421-11-01] 

3.5.13 
de-energized tap-changer  
DETC 
a device for changing the tapping connections of a winding, suitable for operation only while 
the transformer is de-energized (isolated from the system) 

3.5.14 
maximum allowable tapping service voltage 
the voltage at rated frequency a transformer is designed to withstand continuously without 
damage at any particular tap position at the relevant tapping power 

NOTE 1 This voltage is limited by Um. 

NOTE 2 This voltage will normally be limited to 105 % of the rated tapping voltage unless a higher voltage is 
required by the purchaser’s specification of the tapping (see 6.4) either explicitly or as a result of a specification 
according to 6.4.2. 

3.6 Losses and no-load current 

NOTE The values are related to the principal tapping (see 3.5.2), unless another tapping is specifically stated. 

3.6.1 
no-load loss 
the active power absorbed when a rated voltage (tapping voltage) at a rated frequency is 
applied to the terminals of one of the windings, the other winding or windings being open-
circuited  

[IEC 60050-421:1990, 421-06-01, modified] 

3.6.2 
no-load current 
the r.m.s. value of the current flowing through a line terminal of a winding when rated voltage 
(tapping voltage) is applied at a rated frequency to that winding, the other winding or windings 
being open-circuited 

NOTE 1 For a three-phase transformer, the value is the arithmetic mean of the values of current in the three lines. 

NOTE 2 The no-load current of a winding is often expressed as a percentage of the rated current of that winding. 
For a multi-winding transformer, this percentage is referred to the winding with the highest rated power.  

[IEC 60050-421:1990, 421-06-02, modified] 

3.6.3 
load loss 
the absorbed active power at a rated frequency and reference temperature (see 11.1), 
associated with a pair of windings when rated current (tapping current) is flowing through the 
line terminals of one of the windings, and the terminals of the other winding are short-
circuited. Further windings, if existing, are open-circuited 

NOTE 1 For a two-winding transformer, there is only one winding combination and one value of load loss. For a 
multi-winding transformer, there are several values of load loss corresponding to the different two-winding 
combinations (see Clause 7 of IEC 60076-8:1997). A combined load loss figure for the complete transformer is 
referred to a specified winding load combination. In general, it is usually not accessible for direct measurement in 
testing. 
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NOTE 2 When the windings of the pair have different rated power values, the load loss is referred to rated current 
in the winding with the lower rated power and the reference power should be mentioned.  

3.6.4 
total losses 
the sum of the no-load loss and the load loss 

NOTE The power consumption of the auxiliary plant is not included in the total losses and is stated separately.  

[IEC 60050-421:1990, 421-06-05, modified] 

3.7 Short-circuit impedance and voltage drop 

3.7.1 
short-circuit impedance of a pair of windings 
the equivalent series impedance Z = R + jX, in ohms, at rated frequency and reference 
temperature, across the terminals of one winding of a pair, when the terminals of the other 
winding are short-circuited and further windings, if existing, are open-circuited: for a three-
phase transformer the impedance is expressed as phase impedance (equivalent star 
connection) 

NOTE 1 In a transformer having a tapped winding, the short-circuit impedance is referred to a particular tapping. 
Unless otherwise specified, the principal tapping applies. 

NOTE 2 This quantity can be expressed in relative, dimensionless form, as a fraction z of the reference 
impedance Zref, of the same winding of the pair. In percentage notation:  

z = 100 
refZ

Z
 

where  

r

2

ref
S

U
Z =  (formula valid for both three-phase and single-phase transformers);  

U is the voltage (rated voltage or tapping voltage) of the winding to which Z and Zref belong; 

Sr is the reference value of rated power.  

The relative value is also equal to the ratio between the applied voltage during a short-circuit measurement which 
causes the relevant rated current (or tapping current) to flow, and rated voltage (or tapping voltage). This applied 
voltage is referred to as the short-circuit voltage (IEC 60050-421:1990, 421-07-01) of the pair of windings. It is 
normally expressed as a percentage.  

[IEC 60050-421:1990, 421-07-02, modified] 

3.7.2 
voltage drop or rise for a specified load condition 
the arithmetic difference between the no-load voltage of a winding and the voltage developed 
at the terminals of the same winding at a specified load and power factor, the voltage supplied 
to (one of) the other winding(s) being equal to: 

– its rated value if the transformer is connected on the principal tapping (the no-load voltage 
of the winding is then equal to its rated value); 

– the tapping voltage if the transformer is connected on another tapping. 
This difference is generally expressed as a percentage of the no-load voltage of the winding 

NOTE For multi-winding transformers, the voltage drop or rise depends not only on the load and power factor of 
the winding itself, but also on the load and power factor of the other windings (see IEC 60076-8).  

[IEC 60050-421:1990, 421-07-03] 
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3.7.3 
zero-sequence impedance (of a three-phase winding) 
the impedance, expressed in ohms per phase at rated frequency, between the line terminals 
of a three-phase star-connected or zigzag-connected winding, connected together, and its 
neutral terminal  

[IEC 60050-421:1990, 421-07-04, modified] 

NOTE 1 The zero-sequence impedance may have several values because it depends on how the terminals of the 
other winding or windings are connected and loaded. 

NOTE 2 The zero-sequence impedance may be dependent on the value of the current and the temperature, 
particularly in transformers without any delta-connected winding. 

NOTE 3 The zero-sequence impedance may also be expressed as a relative value in the same way as the 
(positive sequence) short-circuit impedance (see 3.7.1). 

3.8 Temperature rise 

The difference between the temperature of the part under consideration and the temperature 
of the external cooling medium (see IEC 60076-2) 

[IEC 60050-421:1990, 421-08-01, modified]  

3.9 Insulation 

For terms and definitions relating to insulation, see IEC 60076-3. 

3.10 Connections 

3.10.1 
star connection  
the winding connection so arranged that each of the phase windings of a three-phase 
transformer, or of each of the windings for the same rated voltage of single-phase 
transformers associated in a three-phase bank, is connected to a common point (the neutral 
point) and the other end to its appropriate line terminal  

[IEC 60050-421:1990, 421-10-01, modified]  

NOTE Star connection is sometimes referred to as Y-connection. 

3.10.2 
delta connection  
the winding connection so arranged that the phase windings of a three-phase transformer, or 
the windings for the same rated voltage of single-phase transformers associated in a three-
phase bank, are connected in series to form a closed circuit  

[IEC 60050-421:1990, 421-10-02, modified]  

NOTE Delta connection is sometimes referred to as D-connection. 

3.10.3 
open-delta connection 
the winding connection in which the phase windings of a three-phase transformer, or the 
windings for the same rated voltage of single-phase transformers associated in a three-phase 
bank, are connected in series without closing one corner of the delta  

[IEC 60050-421:1990, 421-10-03] 
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3.10.4 
zigzag connection  
Z-connection 
a winding connection consisting of two winding sections, the first section connected in star, 
the second connected in series between the first section and the line terminals: the two 
sections are arranged so that each phase of the second section is wound on a different limb 
of the transformer to the part of the first section to which it is connected  

NOTE See Annex D for cases where the winding sections have equal voltages. 

3.10.5 
open windings 
the phase windings of a three-phase transformer which are not interconnected within the 
transformer  

[IEC 60050-421:1990, 421-10-05, modified] 

3.10.6 
phase displacement (of a three-phase winding) 
the angular difference between the phasors representing the voltages between the neutral 
point (real or imaginary) and the corresponding terminals of two windings, a positive-
sequence voltage system being applied to the high-voltage terminals, following each other in 
alphabetical sequence if they are lettered, or in numerical sequence if they are numbered: the 
phasors are assumed to rotate in a counter-clockwise sense  

[IEC 60050-421:1990, 421-10-08, modified]  

NOTE 1 See Clause 7 and Annex D. 

NOTE 2 The high-voltage winding phasor is taken as reference, and the displacement for any other winding is 
conventionally expressed by the 'clock notation', that is, the hour indicated by the winding phasor when the H.V. 
winding phasor is at 12 o'clock (rising numbers indicate increasing phase lag). 

3.10.7 
connection symbol 
a conventional notation indicating the connections of the high-voltage, intermediate-voltage (if 
any), and low-voltage windings and their relative phase displacement(s) expressed as a 
combination of letters and clock-hour figure(s)  

[IEC 60050-421:1990, 421-10-09, modified] 

3.11 Test classification 

3.11.1 
routine test 
a test to which each individual transformer is subjected 

3.11.2 
type test 
a test made on a transformer which is representative of other transformers, to demonstrate 
that these transformers comply with the specified requirements not covered by the routine 
tests: a transformer is considered to be representative of others if it is built to the same 
drawings using the same techniques and materials in the same factory 

NOTE 1 Design variations that are clearly irrelevant to a particular type test would not require that type test to be 
repeated. 

NOITE 2 Design variations that cause a reduction in values and stresses relevant to a particular type test do not 
require a new type test if accepted by the purchaser and the manufacturer. 

NOTE 3 For transformers below 20 MVA and Um ≤ 72,5 kV significant design variations may be acceptable if 
supported by demonstration of compliance with type test requirements. 
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3.11.3 
special test 
a test other than a type test or a routine test, agreed by the manufacturer and the purchaser 

NOTE Special tests can be carried out on one transformer or all transformers of a particular design, as specified 
by the purchaser in the enquiry and order for every special test. 

3.12 Meteorological data with respect to cooling 

3.12.1 
temperature of cooling medium at any time 
the maximum temperature of the cooling medium measured over many years 

3.12.2 
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 

3.12.3 
yearly average temperature 
one-twelfth of the sum of the monthly average temperatures 

3.13 Other definitions 

3.13.1 
load current 
the r.m.s. value of the current in any winding under service conditions 

3.13.2 
total harmonic content 
the ratio of the effective value of all the harmonics to the effective value of the fundamental 
(E1, I1) 

total harmonic content = 
1E

E
ni

i
i∑

=

=2

2

 (for voltage)  

total harmonic content = 
1l

l
ni

i
i∑

=

=2

2

 (for current) 

Ei  represents the r.m.s. value of voltage of the ith harmonic 
Ii  represents the r.m.s. value of current of the ith harmonic 

3.13.3 
even harmonic content 
the ratio of the effective value of all the even harmonics to the effective value of the 
fundamental (E1, I1) 

even harmonic content = 
1E

E
ni

i
i∑

=

=1

2
2

 (for voltage) 
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