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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 1: General

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
aII natlonal electrotechmcal commlttees (IEC Natlonal Commlttees) The obJect Oof\ the IEC is to promote

this end and in addltlon to other activities, the IEC publishes International &tard preparation is
entrusted to technical committees; any IEC National Committee interested \n the Mith may
participate in this preparatory work. International, 5 R \ izationhs liaising
with the IEC also participate in this preparation. The IEC collaboxates 3 i International

Organization for Standardization (ISO) in accordance with conditions grmi By a\ t between the
two organizations.

2) The formal decisions or agreements of the IEC on technica ¢
international consensus of opinion on the relevant subjects sihce each\techrical committee has representation
from all interested National Committees.

of standards, technical specifications, te
Committees in that sense.

4) In order to promote international unification, attgnal Sommittees dndertake to apply IEC International
Standards transparently to the maximum t their national and regional standards. Any
ational or regional standard shall be clearly

6) Attention is drawn to the
of patent rights. The IEC

nts of this International Standard may be the subject
ble for identifying any or all such patent rights.

This Internation S prepared by IEC by technical committee 14: Power
transformers.

60076-1 consists of the second edition (1993) [documents
wendment 1 (1999) [documents 14/344/FDIS and 14/345/RVD]

It bears the edition number 2.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

IEC 60076 consists of the following parts, under the general title: Power transformers.
Part 1:1993, General.
Part 2:1993, Temperature rise.
Part 3:1980, Insulation levels and dielectric tests.
Part 5:1976, Ability to withstand short circuit.

Annexes A and E form an integral part of this standard.

Annexes B, C, D and F are for information only.
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POWER TRANSFORMERS -

Part 1: General

1 Scope and service conditions

1.1 Scope

This part of International Standard IEC 60076 applies to three-phase and
transformers (including auto-transformers) with the exception of certain{categoxries of small
and special transformers such as:

— single-phase transformers with rated power less than 1 kVA and
less than 5 kVA,;

— instrument transformers;

— transformers for static convertors;
— traction transformers mounted on rolling stock;
— starting transformers;
— testing transformers;

— welding transformers.

When |IEC standards do not exist for $
may still be applicable eithe

cified or recommended that an 'agreement’ shall be
additional technical solutions or procedures. Such
e manufacturer and the purchaser. The matters should
sarly stage and the agreements included in the contract

This part of IEC 60076 gives detailed requirements for transformers for use under the
following conditions:
a) Altitude
A height above sea-level not exceeding 1 000 m (3 300 ft).
b) Temperature of ambient air and cooling medium

A temperature of ambient air not below —25 °C and not above +40 °C. For water-cooled
transformers, a temperature of cooling water at the inlet not exceeding +25 °C.

*

Such standards exist for dry-type transformers (IEC 60726), for reactors in general (IEC 60289), for traction
transformers and reactors (IEC 60310), and are under preparation for static convertor transformers.
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Further limitations, with regard to cooling are given for:
— oil-immersed transformers in IEC 60076-2;
— dry-type transformers in IEC 60726.
c) Wave shape of supply voltage
A supply voltage of which the wave shape is approximately sinusoidal.

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

d) Symmetry of three-phase supply voltage

For three-phase transformers, a set of three-phase supply vgltages which are

approximately symmetrical.

e) Installation environment

special consideration regarding the external insulation of S gs or of the
transformer itself.

level a4 is below 2 m/s.)*

1.2.2 Provision for unusual service cg

Any unusual service conditions which
transformer shall be stated in the enqur
altitude, extreme high or low tem umidity, seismic activity, severe
contamination, unusual vg siapes and intermittent loading. They
may also concern conditiqns ipm 3 nd installation, such as weight or space

5 nsideration in the design of a
These may be factors such as high

Ambient temperature or at high altitude: IEC 60076-2
C 60726 for dry-type transformers.

de: IEC 60076-3 and IEC 60076-3-1 for oil-immersed
B, for dry-type transformers.

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60076. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to agree-
ments based on this part of IEC 60076 are encouraged to investigate the possibility of
applying the most recent edition of the normative documents indicated below. Members of IEC
and ISO maintain registers of currently valid International Standards.

*

See |[EC 60068-3-3.
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IEC 60050(421):1990, International Electrotechnical Vocabulary — Chapter 421: Power
transformers and reactors

IEC 60068-3-3:1991, Environmental testing — Part 3: Guidance. Seismic test methods for
equipments

IEC 60076-2:1993, Power transformers — Part 2: Temperature rise
IEC 60076-3:1980, Power transformers — Part 3: Insulation levels and dielectric tests

IEC 60076-3-1:1987, Power transformers — Part 3: Insulation levels and dielectric tests.
External clearances in air

IEC 60076-5:1976, Power transformers — Part 5: Ability to withstand shq
IEC 60137:1984, Bushings for alternating voltages above 1 000/
IEC 60354:1991, Loading guide for oil-immersed power trat
IEC 60529:1989, Degrees of protection provided by ¢

IEC 60551:1987, Determination of transformer ag

IEC 60606:1978, Application guide for po

IEC 60726:1982,

ISO 9001:198
production,

For the purpose of\this part of IEC 60076, the following definitions shall apply. 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 [IEV 421-01-01, modified]
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3.1.2
auto-transformer
a transformer in which at least two windings have a common part [IEV 421-01-11]

*

3.1.3

booster transformer

a transformer 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

[IEV 421-01-12, modified]

3.14
oil-immersed type transformer
a transformer of which the magnetic circuit and windings are immersed in

421-01-14]

NOTE For the purpose of this part any insulating liquid, mineral oil or other product, ig

3.1.5

dry-type transformer
a transformer of which the magnetic circuit and windings ate R Rgrsed i ah insulating
liquid [IEV 421-01-16]

3.1.6

oil preservation system
the system in an oil-immersed transfarmer b
accommodated. Contact between the
prevented

3.2 Terminals and neutral point

3.2.1
terminal
a conducting element i

3.2.2 Q

line terminal
a terminal intendeg

The termjna Wwjrals connected to the common point (the neutral point) of a star-
igzag connected winding.

b) For single-phase’transformers:

The terminal intended for connection to a neutral point of a network [IEV 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 [IEV 421-02-03]

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 IEV 421-01-13).
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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

NOTE For a three-phase transformer, the 'winding' is the combination of the phase windings (see 3.3.3).
[IEV 421-03-01, modified]

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

NOTE The term 'phase winding' should not be used for identifying the asse gific leg.
[IEV 421-03-02, modified]

3.34
high-voltage winding *
the winding having the highest rated voltage [IEV 42{1-03-0Q

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

NOTE For a booster transformer, the winding haying theN\Jow
insulation level. %

3.3.6
intermediate-voltage
a winding of a ti-windi ing a rated voltage intermediate between the
highest and Iow@in ng raf FV 421-03-05]

3.3.7
auxiliary winding
a winding inténo
[IEV 421-

mall load compared with the rated power of the transformer

3.3.8
stabilizing winth
a supplementary deJta-connected winding provided in a star-star-connected or star-zigzag-
connected transformer to decrease its zero-sequence impedance, see 3.7.3 [IEV 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 [IEV 421-03-10]

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 IEV 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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3.3.10

series winding

the part of the winding of an auto-transformer or the winding of a booster transformer which is
intended to be connected in series with a circuit [IEV 421-03-11]

3.3.11

energizing winding

the winding of a booster transformer which is intended to supply power to the series winding
[IEV 421-03-12]

3.4 Rating

3.4.1
rating

former in the conditions specified in this part of IEC 60076 and o
guarantees and the tests are based

3.4.2
rated quantities

guantities (voltage, current, etc.), the numerical value ating

NOTE 1 For transformers having tappings, rated quantities arqg rela B pri rapping (see 3.5.2), unless

called tapping quantities (see 3.5.10).

NOTE 2 Voltages and currents are always exg & .m.s. f gss otherwise specified.

3.4.3
rated voltage of a winding ( U,)

NOTE 1 The rated vQltages ofall
them has its rated v,
NOTE 2 For single- se\tra

3.4.4

with a lower or equat’rated voltage [IEV 421-04-02]

3.4.5
rated frequency ( f,)
the frequency at which the transformer is designed to operate [IEV 421-04-03, modified]

3.4.6

rated power ( S;)

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

NOTE 1 Both windings of a two-winding transformer have the same rated power which by definition is the rated
power of the whole transformer.
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NOTE 2 For a multi-winding transformer, half the arithmetic sum of the rated power values of all windings
(separate windings, not auto-connected) gives a rough estimate of its physical size as compared with a two-
winding transformer.

3.4.7

rated current ( /)

the current flowing through a line terminal of a winding which is derived from rated power S,
and rated voltage U, for the winding [IEV 421-04-05, modified]

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

S
=T A
\/5 x Uy
NOTE 2 For single-phase transformer windings intended to be connected in delta to for ee-phase bank the

rated current is indicated as line current divided by \/E for example:

A

3.5 Tappings

3.5.1

tapping
in a transformer having a tapped winding, a speeifi

3.5.2
principal tapping

3.5.3 Q
tapping factor (co

The ratio:

r

where

U,

Uy is the voltage~thich 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 This definition is not appropriate in relation to a series winding of a booster transformer (see 3.1.3), and in
that case the percentage notation would be referred to the voltage of the energizing winding or of the winding of an
associated system transformer. [IEV 421-05-03, modified]

is the rate ge of the winding (see 3.4.3);

r

3.5.4

plus tapping
a tapping whose tapping factor is higher than 1 [IEV 421-05-04]

3.5.5
minus tapping
a tapping whose tapping factor is lower than 1 [IEV 421-05-05]
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3.5.6

tapping step

the difference between the tapping factors, expressed as a percentage, of two adjacent
tappings [IEV 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.
[IEV 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_th
— divided by the tapping factor of the tapped winding if this is the low?

3.5.9

tapping duty
the numerical values assigned to the‘q
tappings other than the principal tappi
modified]

3.5.10
tapping quantities
those quantities the n

3.5.11
full-power tapping
a tapping whose tapping power is equal to the rated power [IEV 421-05-14]

3.5.12
reduced-power tapping
a tapping whose tapping power is lower than the rated power [IEV 421-05-15]

3.5.13

on-load tap-changer

a device for changing the tapping connections of a winding, suitable for operation while the
transformer is energized or on load [IEV 421-11-01]
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