
 
  

IEEE Standard Terminology for  
Power and Distribution Transformers  

 
Sponsored by the  
Transformers Committee  

 
IEEE 
3 Park Avenue  
New York, NY 10016-5997 
USA 
 
17 December 2010

IEEE Power & Energy Society 

IEEE Std C57.12.80™-2010 
(Revision of

IEEE Std C57.12.80-2002)

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:30:14 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.12.80-2010

http://www.avadocuments.com/doc/ieee-c57-12-80-2010
http://www.avadocuments.com/doc/ieee-c57-12-80-2010


Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:30:14 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.12.80-2010

http://www.avadocuments.com/doc/ieee-c57-12-80-2010
http://www.avadocuments.com/doc/ieee-c57-12-80-2010


IEEE Std C57.12.80TM-2010 
(Revision of  

IEEE Std C57.12.80-2002) 

 

IEEE Standard Terminology for 
Power and Distribution Transformers 

Sponsor 

Transformers Committee 
of the 
IEEE Power & Energy Society 

 

Approved 30 September 2010 

IEEE-SA Standards Board 

Approved 26 August 2011 

American National Standards Institute 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 20:30:14 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.12.80-2010

http://www.avadocuments.com/doc/ieee-c57-12-80-2010
http://www.avadocuments.com/doc/ieee-c57-12-80-2010


 

Abstract: This standard is a compilation of terminology and definitions related to electric power 
and distribution transformers and associated apparatus. It also includes similar terminology 
relating to power systems and insulation that is commonly involved in transformer technology. 
 
Keywords: C57.12.80, definitions, distribution transformers, insulation, power systems, power 
transformers, terminology. 
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Introduction 

This introduction is not part of IEEE Std C57.12.80-2010, IEEE Standard Terminology for Power and Distribution 
Transformers. 

This revision of IEEE Std C57.12.80 incorporates several updates since the last revision in 2002. These 
changes include: 

a) A complete re-format of the document to bring it to compliance with the latest IEEE Standards 
Word Template, including the automatic number for each of the terms in alphabetical order. 

b) Correction of several errors in equations and the update of equations to the built-in MS equation 
format to ease future maintenance and revisions. 

c) The addition or update of terms such as distribution substation transformer, draw lead bushing, 
electronic transformers, natural ester fluid, parallel transformers, terminal pair, and thermally 
upgraded paper. 

d) The removal of obsolete cooling class designations (OA, OA/FA, etc.) from the normative portion 
of the document and moved into an informative annex (Annex A) to provide historical reference. 

e) The removal of obsolete terms such as corona and other long form description of various cooling 
stages for oil-immersed transformers. 

f) The addition of an informative annex (Annex A) to provide guidance on the assignment of letters in 
the cooling class designation. 

g) Removal of references in Clause 2 not cited normatively into the bibliography. 

h) The removal of IEC 50 from Normative Reference since understanding of the IEC definition is not 
required for the application of this document.  In some cases, where applicable, a reference to 
synonymous IEC 50 term is included for the user’s convenience only.  Added IEC 50 to the 
Bibliography (Annex B). 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 
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Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying 
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity 
or scope of Patents Claims or determining whether any licensing terms or conditions provided in 
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable 
or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any 
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further 
information may be obtained from the IEEE Standards Association. 
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IEEE Standard Terminology for 
Power and Distribution Transformers 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard is a compilation of terminology and definitions related to electric power and distribution 
transformers and associated apparatus. It also includes similar terminology relating to power systems and 
insulation which is commonly involved in transformer technology. 

1.2 Purpose 

The purpose of this standard is to provide definitions and consistent interpretation of the commonly used 
terminology used in the electric power and distribution transformers and associated apparatus. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e. they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained).  For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 
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IEEE Std 4 TM -1995, IEEE Standard Techniques for High-Voltage Testing.1,2 

IEEE Std C57.12.90TM, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and 
Regulating Transformers. 

3. Definitions 

3.1  AA: The cooling class for a dry-type self-cooled transformer or reactor that is cooled by the natural 
circulation of air. Syn: AN (IEC 50) 3,4. 

3.2  AA/FA: The cooling class for a dry-type transformer that has a self-cooled rating with cooling 
obtained by the natural circulation of air and a forced-air-cooled rating with cooling obtained by the forced 
circulation of air. Syn: AN/AF (IEC 50). 

3.3  accessible: Admitting close approach because not guarded by locked doors, elevation, or other 
effective means. 

3.4  accessories: Devices that perform a secondary or minor duty as an adjunct or refinement to the 
primary or major duty of a unit of equipment. 

3.5  additive: A chemical compound or compounds added to an insulating fluid for the purpose of 
imparting new properties or altering those properties that the fluid already has. 

3.6  AFA: The cooling class for a dry-type forced-air-cooled transformer that derives its cooling by the 
forced circulation of air. Syn: AF (IEC 50). 

3.7  alternating current: A periodic current the average value of which over a period is zero. 

NOTE—Unless distinctly specified otherwise, the term alternating current refers to a current that reverses at regularly 
recurring intervals of time and that has alternately positive and negative values. 5 

3.8  alternating-current saturable reactor: A reactor whose impedance varies cyclically with the 
alternating current (or voltage). 

3.9  alternating-current winding of a rectifier transformer: The primary winding that is connected to 
the alternating-current circuit and usually has no conductive connection with the main electrodes of the 
rectifier. 

3.10  ambient sound pressure level: The sound pressure level measured at the test facility or at the 
substation without the transformer energized. 

3.11  ambient temperature: The temperature of the medium such as air, water, or earth into which the 
heat of the equipment is dissipated. 

                                                 
1 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org). 
2 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers, 
Incorporated. 
3 Cross-references are made to certain terms that appear in IEC 50 [B5], the international standard for International Electrotechnical 
Vocabulary. These terms can be identified when “(IEC 50)” follows the term.  
4 The numbers in brackets correspond to those of the bibliography in Annex B. 
5 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 
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NOTE 1— For self-ventilated equipment, the ambient temperature is the average temperature of the air in the 
immediate vicinity of the equipment. 

NOTE 2— For air- or gas-cooled equipment with forced ventilation or secondary water cooling, the ambient 
temperature is taken as that of the in-going air or cooling gas. 

NOTE 3— For self-ventilated enclosed (including oil-immersed) equipment considered as a complete unit, the ambient 
temperature is the average temperature of the air outside of the enclosure in the immediate neighborhood of the 
equipment. 

3.12  ampacity: Current-carrying capacity expressed in amperes, of a wire or cable under stated thermal 
conditions. 

3.13  angular displacement of a polyphase transformer: The phase angle expressed in degrees between 
the line-to-neutral voltage of the reference identified high-voltage terminal and the line-to-neutral voltage 
of the corresponding identified low-voltage terminal. 

NOTE—The preferred connection and arrangement of terminal markings for polyphase transformers are those that 
have the smallest possible phase-angle displacements and are measured in a clockwise direction from the line-to-
neutral voltage of the reference identified high-voltage terminal. Thus standard three-phase transformers have angular 
displacements of either zero or 30 degrees. 

3.14  anode paralleling reactor: A reactor used with rectifiers with a set of mutually coupled windings 
connected to anodes operating in parallel from the same transformer terminal. 

3.15  ANV: The cooling class for a dry-type nonventilated self-cooled transformer, which is so constructed 
as to provide no intentional circulation of external air through the transformer, and that operates at zero 
gauge pressure. Syn: ANAN (IEC 50). 

3.16  apparatus: A general designation for large electrical equipment such as generators, motors, 
transformers, circuit breakers, etc. 

3.17  apparent charge: A charge that, if it could be injected instantaneously between the terminals of a test 
object, would momentarily change the voltage between its terminals by the same amount as the partial 
discharge itself. It is expressed in coulombs and abbreviated as C. One pC is equal to 10–12 C. 

3.18  applied voltage tests: Dielectric tests in which the test voltages are low-frequency alternating 
voltages from an external source applied between conducting parts and ground without exciting the core of 
the transformer being tested. See also: induced voltage tests, low-frequency dielectric tests. 

3.19  arcing switch [in an load tap changer (LTC)]: A switching device used in conjunction with a tap 
selector to carry, make, and break currents in circuits that have already been selected. See also: diverter 
switch (IEC 50). 

3.20  arcing tap switch (in an LTC): A switching device capable of carrying current and also breaking 
and making current while selecting a tap position. It, thereby, combines the duties of an arcing switch and a 
tap selector. See also: selector switch (IEC 50). 

3.21  articulated unit substation: A unit substation in which the incoming, transforming, and outgoing 
sections are manufactured as one or more subassemblies intended for connection in the field. 

3.22  askarel: A generic term for a group of synthetic, fire-resistant, chlorinated, aromatic hydrocarbons 
used as electrical insulating liquids. They have a property under arcing conditions such that any gases 
produced will consist predominantly of noncombustible hydrogen chloride with lesser amounts of 
combustible gases. 
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3.23  autotransformer: A transformer in which at least two windings have a common section. 

3.24  average winding rise: See: average winding temperature rise. 

3.25  average winding temperature: The average temperature of a winding as determined from the ohmic 
resistance measured across the terminals of the winding in accordance with the cooling curve procedure 
specified in IEEE Std C57.12.90. 

3.26  average winding temperature rise: The arithmetic difference between the average winding 
temperature of a winding and the ambient temperature. 

3.27  average winding temperature rise of a transformer: The arithmetic difference between the average 
winding temperature of the hottest winding and the ambient temperature. 

3.28  A-weighted sound level: Loudness that is measured with a sound-level meter using the A-weighted 
response filter that is built into the meter circuitry. The A-weighting filter is commonly used to measure 
community noise, and it simulates the frequency response of the human ear. 

3.29  bar-type current transformer: One that has a fixed and straight single primary winding turn passing 
through the magnetic circuit. The primary winding and secondary winding(s) are insulated from each other 
and from the core(s) and are assembled as an integral structure. 

3.30  basic lightning impulse insulation level (BIL): A specific insulation level expressed in kilovolts of 
the crest value of a standard lightning impulse. 

3.31  basic switching impulse insulation level (BSL): A specific insulation level expressed in kilovolts of 
the crest value of a standard switching impulse. 

3.32  bottom-oil temperature: The temperature of the liquid in a liquid-immersed transformer as 
measured at an elevation just below the bottom of the coils or in the oil flowing from the liquid cooling 
equipment into the transformer. 

3.33  bottom-oil temperature rise: The arithmetic difference between the bottom-oil temperature and the 
ambient air temperature. 

3.34  burden of an instrument transformer: That property of the circuit connected to the secondary 
winding that determines the active and reactive power at the secondary terminals. 

NOTE—The burden is expressed either as total ohms impedance with the effective resistance and reactance 
components, or as the total volt-amperes and power factor at the specified value of current or voltage and frequency. 

3.35  bushing: An insulating structure including a central conductor, or providing a central passage for a 
conductor, with provision for mounting on a barrier, conducting or otherwise, for the purpose of insulating 
the conductor from the barrier and conducting current from one side of the barrier to the other. 

3.36  bushing elbow: An insulated device used to connect insulated conductors to separable insulated 
connectors on dead-front, pad-mounted transformers and to provide a fully insulated connection. Syn: 
elbow connector. 

3.37  bushing insert: That component of a separable insulated connector that is inserted into a bushing 
well to complete a dead-front, load break or non-load break, separable insulated connector (bushing). 

3.38  bushing test tap: A connection to one of the conducting layers of a capacitance graded bushing for 
measurement of partial discharge, power factor, and capacitance values. 
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3.39  bushing-type current transformer: One that has an annular core and a secondary winding insulated 
from and permanently assembled on the core but has no primary winding nor insulation for a primary 
winding. This type of current transformer is for use with a fully insulated conductor as the primary 
winding. A bushing-type current transformer usually is used in equipment where the primary conductor is a 
component part of other apparatus. 

3.40  bushing voltage tap: A connection to one of the conducting layers of a capacitance graded bushing 
providing a capacitance voltage divider. 

3.41  bushing well: A component of a separable insulated connector, either permanently welded or 
clamped to an enclosure wall or barrier, having a cavity that receives a replaceable component (bushing 
insert) to complete the separable insulated connector (bushing). 

3.42  bus reactor: A current-limiting reactor for connection between two different buses or two sections of 
the same bus for the purpose of limiting and localizing the disturbance due to a fault in either bus. 

3.43  capacitance graded bushing: A bushing in which metallic or nonmetallic conducting layers are 
arranged within the insulating material for the purpose of controlling the distribution of the electric field of 
the bushing, both axially and radially. 

3.44  cascade-type voltage transformer: A voltage transformer that has an insulated-neutral or grounded-
neutral terminal and that has the primary winding subdivided into two or more (usually equal) series-
connected sections, mounted on one or more magnetic cores, and that has the secondary winding located 
about the core at the neutral end of the primary winding. The sections of the primary winding are coupled 
by “coupling windings.” The cores, if more than one, are insulated from each other and connected to 
definite voltage levels along the primary winding. 

3.45  cast coil transformer: A dry-type transformer in which the coils of at least one winding are cast 
(encapsulated) into a thermosetting resin that solidifies to become a solid, rigid, insulating system 
protecting the coils from contact with water, some contaminants, and damage due to casual physical 
contact. 

3.46  change-over selector (in an LTC): A device designed to carry, but not to make or break current, 
used in conjunction with a tap selector or arcing tap switch to enable its contacts, and the connected taps, to 
be used more than once when moving from one extreme position to the other. This device is commonly 
referred to as a reversing switch. See also: change-over selector (IEC 50). 

3.47  chopped-wave lightning impulse test: A voltage impulse that is terminated intentionally by 
sparkover of a gap, which occurs subsequent to the maximum crest of the impulse wave voltage, with a 
specified minimum crest voltage and a specified minimum time to flashover. 

3.48  circulating current (in an LTC): The current that flows through the transition impedance as a result 
of two taps being bridged during a tap change operation for resistance type LTCs or being in the bridging 
position for reactance type LTCs. See also: circulating current (IEC 50). 

3.49  Class 2 transformer: A step-down transformer of the low-secondary-voltage type, suitable for use in 
Class 2 remote-control low-energy circuits. It shall be of the energy-limiting type or of a non-energy 
limiting type equipped with an overcurrent device. 

NOTE—“Low-secondary-voltage,” as used here, has a value of approximately 24 V. 

3.50  Class 105 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature of 105 °C. 
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3.51  Class 130 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature of 130 °C. 

3.52  Class 155 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature of 155 °C. 

3.53  Class 180 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature of 180 °C. 

3.54  Class 220 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature of 220 °C. 

3.55  Class over-220 insulation system: Materials or combinations of materials, which by experience or 
accepted tests, have been shown to give the required life at a continuous temperature at temperatures over 
220 °C. 

NOTE—The six class insulation system temperatures defined above are and have been, in most cases over a long 
period of time, benchmarks descriptive of the various classes of insulating materials, and various accepted test 
procedures have been or are being developed for use in their identification. They should not be confused with the actual 
temperatures at which these same classes of insulating materials may be used in the various specific types of 
equipment, nor with the temperatures on which specified temperature rises in equipment standards are based. 

In the previous definitions the words “accepted tests” are intended to refer to recognized test procedures established for 
the thermal evaluation of materials by themselves or in simple combinations. Experience or test data, used in 
classifying insulating materials, are distinct from the experience or test data derived for the use of materials in complete 
insulation systems. The thermal endurance of complete systems may be determined by test procedures specified by the 
responsible technical committees. A material that is classified as suitable for a given temperature may be found suitable 
for a different temperature, either higher or lower, by performing an insulation system test procedure. For example, it 
has been found that some materials suitable for operation at one temperature in air may be suitable for a higher 
temperature when used in a system operated in an inert gas atmosphere. Likewise, some insulating materials when 
operated in dielectric liquids will have lower or higher thermal endurance than in air. 

It is important to recognize that other characteristics, in addition to thermal endurance, such as mechanical strength, 
moisture resistance, and partial discharge (corona) endurance, are required in varying degrees in different applications 
for the successful use of insulating materials. 

3.56  Class A insulation (obsolete designation): See: class 105 insulation system. 

3.57  Class B insulation (obsolete designation): See: class 130 insulation system. 

3.58  Class F insulation (obsolete designation): See: class 155 insulation system. 

3.59  Class H insulation (obsolete designation): See: class 180 insulation system. 

3.60  Class >H insulation (obsolete designation): See: class 220 insulation system. 

3.61  coefficient of grounding: The ratio EL-G/EL-L) expressed as a percentage, of the highest root-mean 
square (rms) line-to-ground power-frequency voltage (EL-G) on a sound phase, at a selected location, during 
a fault to earth affecting one or more phases to the line-to-line power-frequency voltage (EL-L) that would 
be obtained, at the selected location, with the fault removed. 

NOTE 1— Coefficients of grounding for three-phase systems are calculated from the phase-sequence impedance 
components as viewed from the selected location. For machines, use the subtransient reactance. 

NOTE 2— The coefficient of grounding is useful in the determination of a surge arrester rating for a selected location. 
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NOTE 3— A value not exceeding 80 percent is obtained approximately when for all system conditions the ratio of zero-
sequence reactance to positive-sequence reactance is positive and less than three, and the ratio of zero-sequence 
resistance to positive-sequence reactance is positive and less than one. 

3.62  coil (of a transformer): The assemblage of windings that encircle a ferromagnetic core leg (limb) for 
the purpose of producing or linking magnetic flux. See also: winding of a transformer. 

3.63  combustible material: Materials that are external to the apparatus and made of or surfaced with 
wood, compressed paper, plant fibers, or other materials that will ignite and support flame. 

3.64  common winding of an autotransformer: That part of the autotransformer winding that is common 
to both the primary and the secondary circuits. 

3.65  commutating reactor: A reactor used with rectifiers primarily to modify the rate of current transfer 
between rectifying elements. 

3.66  compound-filled transformer: A transformer in which the windings are enclosed with an insulating 
fluid that becomes solid, or remains slightly plastic, at normal operating temperatures. 

NOTE—The shape of the compound-filled transformer is determined in large measure by the shape of the container or 
mold used to contain the fluid before solidification. 

3.67  concentric winding: An arrangement of transformer windings where the primary and secondary 
windings, and the tertiary winding, if any, are located in radial progression about a common core. 

3.68  conduit knockout: See: knockout. 

3.69  conformance tests: Tests that are specifically made to demonstrate conformity with applicable 
standards. 

3.70  conservator: An oil preservation system in which the oil in the main tank is isolated from the 
atmosphere, over the temperature range specified, by means of an auxiliary tank partly filled with oil and 
connected to the completely filled main tank. 

3.71  constant-current transformer: A transformer that automatically maintains an approximately 
constant current in its secondary circuit under varying conditions of load impedance when supplied from an 
approximately constant-voltage source. See also: current regulation of a constant-current transformer; 
impedance voltage of a constant-current transformer; rated kilowatts of a constant-current transformer; 
rated primary voltage of a constant-current transformer; rated secondary current of a current transformer. 

3.72  constant-voltage transformer: A transformer that maintains an approximately constant-voltage ratio 
over the range from zero to rated output. 

3.73  contactor: A device for repeatedly establishing and interrupting an electric power circuit. 

3.74  continuous duty: A duty that demands operation at a substantially constant load for an indefinitely 
long time. 

3.75  continuous rating: The maximum constant load that can be carried continuously without exceeding 
established temperature-rise limitations under prescribed conditions. 

3.76  continuous thermal current rating factor (RF): The number by which the rated primary current of 
a current transformer is multiplied to obtain the maximum primary current that can be carried continuously 
without exceeding the limiting temperature rise from 30º C average ambient air temperature. The RF of 
tapped-secondary or multiratio current transformers applies to the highest ratio, unless otherwise stated. 
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