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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on High Voltage Switchgear, Controlgear and Assemblies under the authority
of the Industry Standards Committee on Generation, Transmission and Distribution of Energy.

This Malaysian Standard is a modified adoption of IEC 60076-11:2004, Power transformers -
Part 11: Dry-type transformers, published by the International Electrotechnical Commission

(IEC with the following modifications:

a) inthe source text, "this International Standard" should read "this Malaysian Standard";

b) the comma which is used as a decimal sign (if any), to read as a point;

c) Clause/Subclause

423

Modifications

Change “-25 °C” with “-20 °C

Explanation: The standard modifies the temperature for outdoor transformers for

temperature of cooling air.

9.1 m)

add “measured”

Explanation: To make the sentence clearer, as each transformer has its own value, thus for
the rating plate, the value shall be measured and not the guranted value.

23.2

Explanation: Grammar error.

replace “may” with “to” after “.....methods

d) reference to International Standards should be replaced by corresponding Malaysian

Standards as follows:

Referenced International Standards

IEC 60071 (all parts), Insulation co-
ordination

IEC 60076-1:1993, Power transformers -
Part 1: General

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

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

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

© STANDARDS MALAYSIA 2012 - All rights reserved

Corresponding Malaysian Standards

MS IEC 60071 (all parts), Insulation co-
ordination

MS IEC 60076-1:1993, Power transformers
- Part 1: General

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

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

MS IEC 60076-10, Power transformers -
Part 10: Determination of sound levels
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NATIONAL FOREWORD (continued)

Referenced International Standards

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

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

-Vi-

Corresponding Malaysian Standards

MS IEC 60270, High-voltage tesi
techniques - Partial discharge
measurements

MS IEC 60529, Degrees of protection

provided by enclosures (IP Code)

Compliance with a Malaysian Standard does not of itself confer immunity from legal

obligations.

NOTE. MOD on the front cover indicates a modified standard i.e. a standard adapted from an International Standard
with permitted technical deviations, which are clearly identified and explained. The changes in structure are permitted
provided that the altered structure permits easy comparison of the content of the two standards. Modified standards
also include the changes permitted under identical correspondence.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 11: Dry-type transformers

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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 !

Part 8: Application guide

Part 10: Determination of sound levels

Part 10-1: Determination of transformer and reactor sound levels — User guide !

Part 11: Dry-type transformers

Part 12: Loading guide for dry-type power transformers 1

Part 13: Self protected liquid filled transformers !

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

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.

© STANDARDS MALAYSIA 2012 - All rights reserved
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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:

1+ 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 fulfiiment, this shall be stated in the contract.
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8 Rating

8.1 General

The manufacturer shall assign ratings to the transformer, which shall be marked on the rating
plate, see Clause 9. These ratings shall be such that the transformer can deliver its rated
current under steady loading conditions without exceeding the limits of temperature rise
specified in Clause 11, assuming that the applied primary voltage is equal to the rated voltage
and that the supply is at rated frequency.

8.2 Rated power

The transformer shall have an assigned rated power for each winding which shall be marked
on the rating plate. The transformer shall be fully rated when supplied in an enclosure. The
rated power refers to continuous loading. This is a reference value for guarantees and tests
concerning load losses, temperature rises and short-circuit impedance.

NOTE A two-winding transformer has only one value of rated power, identical for both windings. When the
transformer has rated voltage applied to the primary winding, and rated current flows through the terminals of that
winding, the transformer receives the relevant rated power for both windings.

The rated power corresponds to continuous duty; nevertheless, dry-type transformers
complying with this standard can be overloaded and guidance on overloads is given in
IEC 60905.

8.3 Preferred values of rated power

The preferred values shall be in accordance with 4.3 of IEC 60076-1 starting from 50 kVA.

8.4 Operation at higher than rated voltage

Within the prescribed value of U,,, a transformer shall be capable of service without damage
under conditions of overfluxing where the ratio of voltage over frequency exceeds the
corresponding ratio at rated voltage and rated frequency by no more than 5 %.

NOTE This requirement is not meant to be systematically utilised in normal service. The consequential increase in
iron losses under these conditions will have adverse effects and such operation should be of limited duration. This
condition should be reserved for relatively rare cases of service under limited periods of time, for example
emergency service or extreme peak loading.

8.5 Operation with fan cooling

When additional cooling by means of fans is provided, the nominal power rating with and
without fans shall be subject to agreement between purchaser and supplier.

The rating plate shall indicate both the power rating without fans and the maximum power
rating with fan cooling.

8.6 Operation in an enclosure

For operation in an enclosure that is not provided or later provided by the manufacturer of the
transformer, see Annex D of IEC 61330 and IEC 60905.
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9 Rating plate

9.1 Rating plate fitted to the transformer

Each transformer shall be provided with a rating plate of weatherproof material, fitted in a
visible position, showing the items indicated below. The entries on the plate shall be indelibly
marked (that is, by etching, engraving, stamping or by a photo-chemical process).

[

) dry-type transformer;

) number and year of this part of IEC 60076;
) manufacturer’s name;
)
)

o O T

manufacturer’s serial number;

D

year of manufacture;

—h

) insulation system temperature for each winding. The first letter shall refer to the high
voltage winding, the second letter shall refer to the low voltage winding. When more than
two windings are present, the letters shall be placed in the order of the windings from the
high voltage to the low voltage;

g) number of phases;

h) rated power for each kind of cooling;

i) rated frequency;

j) rated voltages, including tapping voltages, if any;
k) rated currents for each kind of cooling;

[) connection symbol;

m) short-circuit impedance at rated current and at the appropriate referenced temperature;

n) type of cooling;

o) total mass;

p) insulation levels;

q) degree of protection;

r) environmental class;
s) climatic class;

t) fire behaviour class.

The rated withstand voltages for all windings shall appear on the rating plate. The principles
of the standard notation are illustrated in Clause 5 of IEC 60076-3.

9.2 Rating plate fitted to the transformer enclosure
Each transformer enclosure shall be provided with a rating plate of weatherproof material,

fitted in a visible position, showing the items indicated in 9.1. The entries on the plate shall be
indelibly marked (that is, by etching, engraving, stamping or by a photo-chemical process).

10 Identification according to cooling method

10.1 Identification symbols

Transformers shall be identified according to the cooling method employed. Letter symbols for
use in connection with each cooling method shall be as given in Table 1.
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Table 1 — Letter symbols

Symbol
Type of cooling medium Air A
Natural N
Type of circulation
Forced F

10.2 Arrangement of symbols

Transformers shall be identified by two symbols for each cooling method for which a rating is
assigned by the manufacturer, typically as follows:

— A transformer designed for natural air ventilation is designated AN.

— A transformer designed for natural air ventilation up to specified rating and with forced
cooling to a higher rating is designated AN/AF.

11 Temperature-rise limits

11.1 Normal temperature-rise limits

The temperature rise of each winding of the transformer, designed for operation at normal
service conditions, shall not exceed the corresponding limit specified in Table 2 when tested
in accordance with Clause 23.

The maximum temperature occurring in any part of the winding insulation system is called the
hot-spot temperature. The hot spot temperature shall not exceed the rated value of the hot-
spot winding temperature specified in Table 1 of IEC 60905. This temperature could be
measured, however an approximate value for practical purposes can be calculated by using
equation 1in 4.2.4 of IEC 60905 with the values for Z and ¢ given in 7.2 of IEC 60905.

Components used as insulating material may be used separately or in combination providing
that their temperature does not exceed the values given for the appropriate insulation system
temperature in accordance with the requirements as prescribed in the left hand column of
Table 2.

The temperature of the core, metallic parts and adjacent materials shall not reach a value that
will cause damage to any part of the transformer.
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Table 2 — Winding temperature-rise limits

. Average winding-temperature rise
Insulation system temperature A
limits at rated current
(see Note 1)
o (see Note 2)
C
K
105 (A) 60
120 (E) 75
130 (B) 80
155 (F) 100
180 (H) 125
200 135
220 150
NOTE 1 Letters refer to the temperature classifications given in IEC 60085.
NOTE 2 Temperature rise measured in accordance with Clause 23.

11.2 Reduced temperature rises for transformers designed for high cooling air
temperatures or special air cooling conditions

When the transformer is designed for service where the temperature of the cooling air
exceeds one of the maximum values specified in 4.2.3, the temperature rise limits shall be
reduced by the same amount as the excess. The values shall be rounded to the nearest whole
number of K.

Any site conditions that may either impose restrictions on the cooling air or produce high
ambient air temperatures should be stated by the purchaser.

11.3 High altitude temperature rise correction

Unless otherwise agreed upon between the supplier and the purchaser, for transformers
designed for operation at an altitude greater than 1 000 m but tested at normal altitudes, the
limits of temperature rise given in Table 2 shall be reduced by the following amounts for each
500 m by which the intended working altitude exceeds 1 000 m:

natural-air-cooled transformers: 2,5 %;

forced-air-cooled transformers: 5 %.

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

Any altitude correction shall be rounded to the nearest whole number of K.

12 Insulation levels

12.1 General

When transformers are intended for general power distribution in public or industrial systems,
the insulation levels shall be those given in Table 3, list 1 or list 2.
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Table 3 — Insulation levels based on European practice

Highest voltage for Rated short duration Rated lightning impulse withstand voltage
. separate source AC (peak value)
equipment U, X
withstand voltage kV
(r.m.s.)
(r.m.s.)
List 1 List 2
<11 3 - -
3,6 10 20 40
7,2 20 40 60
12,0 28 60 75
17,5 38 75 95
24,0 50 95 125
36,0 70 145 170

The choice between list 1 and list 2 should be made considering the degree of exposure to
lightning and switching overvoltages, the type of system neutral earthing and, where
applicable, the type of overvoltage protective device, see IEC 60071.

Table 4 — Insulation levels based on North American practice

Dielectric insulation levels for dry type transformers used on system with BlLs 200 kV and below

Nomi Low Basic Lightning Impulse Insulation Levels (BILs)
ominal L
Max LL LL frequency in common use (peak value 1,2 ps)
system system | voltaqe
voltage voltage insulation

KV level 10 20 30 45 60 95 110 | 125 | 150 | 200

kV
kV r.m.s.

0,25 0,25 2,5 None

0,6 0,6 3 S 1 1

1,2 1,2 4 S 1 1

2,75 2,5 10 S 1 1

5,6 5 12 S 1 1

9,52 8,7 19 S 1 1

15,5 15 34 S 1 1

18,5 18 40 S 1 1

25,5 25 50 2 S 1 1

36,5 34,5 70 2 S 1
Impulse chopped wave: 1 1 1 13 9 9 18 2 23 27
minimum time to flash over (us) ’ ’

S = Standard values.
1 = Optional higher levels where exposure to overvoltage occurs and higher protective margins are required.

2 = Lower levels where surge arrester protective devices can be applied with lower spark-over levels.
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12.2 Transformers for use at high altitudes

When the transformers are specified for operation at altitudes between 1 000 m and 3 000 m
above sea-level, but tested at normal altitude, the rated short duration separate source AC
withstand voltage shall be increased by 1 % for each 100 m above 1 000 m. Above 3 000 m,
the insulation level shall be defined by agreement between supplier and purchaser.

13 Climatic, environmental and fire behaviour classes

13.1 Climatic classes
Two climatic classes are defined:

Class C1: The transformer is suitable for operation at ambient temperature not below -5°C
but may be exposed during transport and storage to ambient temperatures down
to —25°C.

Class C2: The transformer is suitable for operation, transport and storage at ambient
temperatures down to —25°C.

Special tests according to Clause 27 shall confirm the conformity of C1 and C2 class
transformers.

NOTE Transformers for outdoor operation should normally be provided with an enclosure or be given other
suitable protection.

13.2 Environmental classes

Environmental conditions for dry-type transformers are identified in terms of humidity,
condensation, pollution and ambient temperature.

NOTE These are important not only during service but also during storage before installation.

With regard to humidity, condensation and pollution, three different environmental classes are
defined:

Class EO: No condensation occurs on the transformers and pollution is negligible. This is
commonly achieved in a clean, dry indoor installation.

Class E1: Occasional condensation can occur on the transformer (for example, when the
transformer is de-energised). Limited pollution is possible.

Class E2: Frequent condensation or heavy pollution or combination of both.

Special tests according to the procedure of Clause 26 shall confirm the conformity of E1 or E2
class transformers.

13.3 Fire behaviour classes
Two fire behaviour classes are defined:

Class FO: There is no special fire risk to consider. Except for the characteristics inherent in
the design of the transformer, no special measures are taken to limit flammability.
Nevertheless, the emission of toxic substances and opaque smoke shall be
minimized.

Class F1: Transformers subject to a fire hazard. Restricted flammability is required. The
emission of toxic substances and opaque smokes shall be minimised.
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Special tests according to the procedure of Clause 28 shall confirm the conformity of class F1
transformers.

NOTE Measurements made in conformity with Clause 28 tend to result in a standard deviation <10 K.

13.4 Test criteria for climatic, environmental and fire behaviour classes

When a transformer is declared as suitable for a combination of climatic, environmental and
fire behaviour classes, those tests which prove compliance with said classes, are to be
carried out on the same transformer in the sequence given in Table 5.

The tests specified in Clauses 26, 27 and 28 shall be carried out as specified on one
transformer being representative of the design type.

Table 5 — Sequence of tests

Classes Climatic Environmental Fire behaviour
Tests Clause c1 C2 EO E1 E2 FO F1
1 Thermal shock at -5 °C 27.3 Yes No - - - - -
2 Thermal shock at —-25 °C 27.4 No Yes - - - - -
3 Condensation test 26.3.1 - - No Yes No - -
4 Condensation and 26.3.2 - - No No Yes - -

humidity penetration test
5 Fire behaviour test 28.3 - - - - - No Yes

14 General requirements for tests

New transformers shall be subjected to tests as specified in Clauses 15 to 23. Transformers
which have been in service may be tested in accordance with this specification but dielectric
test levels should be reduced to 80 %, however, the guarantee levels of the transformer when
new do not apply.

Tests shall be made by the manufacturer or at an approved laboratory, unless otherwise
agreed between the supplier and the purchaser at the tender stage.

Dielectric tests in accordance with Clauses 19, 20 and 21 shall be made with the transformer
at approximately the temperature of the test house.

Tests shall be performed on a completely assembled transformer including relevant
accessories supplied.

Tapped windings shall be connected on their principal tapping unless the supplier and the
purchaser agree otherwise.

The test basis for all characteristics other than insulation is the rated condition, unless the
test Clause states otherwise.

15 Measurement of winding resistance (routine test)

The test described in 10.2 of IEC 60076-1 applies.
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16 Measurement of voltage ratio and check of phase displacement (routine test)

The test described in 10.3 of IEC 60076-1 applies.

17 Measurement of short-circuit impedance and load loss (routine test)
The test described in 10.4 of IEC 60076-1 applies.

The reference temperature of the short-circuit impedance and load loss shall be the permitted
average winding temperature rise as given in column 2 of Table 2 plus 20 °C.

When a transformer has windings of different insulation system temperatures, the reference
temperature relating to the winding having the higher insulation system temperature shall be
used.

18 Measurement of no-load loss and current (routine test)

The test described in 10.5 of IEC 60076-1 applies.

19 Separate-source AC withstand voltage test (routine test)
The test described in Clause 11 of IEC 60076-3 applies.

The test voltage shall be in accordance with Table 3 or Table 4 for the specified insulation
level of the transformer,

The full test voltage shall be applied for 60 s between the winding under test and all the
remaining windings, core, frame and transformer enclosure, connected to earth.

20 Induced AC withstand voltage test (routine test)
The test described in 12.2.1 of IEC 60076-3 applies.
The test voltage shall be twice the rated voltage.

The duration of the test at full voltage shall be 60 s for any test frequency up to and including
twice the rated frequency. When the test frequency exceeds twice the rated frequency, the
duration of the test shall be:

9 rated frequency
test frequency

120 s, but not less than 15 s.
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21 Lightning impulse test (type test)
The test described in Clause 13 of IEC 60076-3 applies.

The test voltage shall be in accordance with Table 3 or Table 4 for the specified insulation
level of the transformer.

The test impulse wave shape shall be 1,2 ps £ 30 %/50 pys £ 20 %

The test voltage shall be of negative polarity. The test sequence per line terminal shall be one
calibration impulse at a voltage between 50 % and 75 % of the full voltage followed by three
impulses at full voltage.

NOTE In dry-type transformers, the lightning impulse test can give rise to capacitive partial discharges in the air
which do not endanger the insulation. These partial discharges lead to changes in the current waveform, whilst the
voltage waveform varies only slightly or not at all. In this case, the separate source voltage withstand test and
induced overvoltage withstand test should be repeated. Taking into account the above statement, slight deviations
in current wave-form are not reasons for rejection.

22 Partial discharge measurement (routine and special test)

22.1 General

Partial discharge measurements shall be performed on all dry-type transformers. Measure-
ment shall be made in accordance with IEC 60270 and with Annex A of IEC 60076-3.

The partial discharge measurement shall be performed on transformer windings having
Un 2 3,6 kV.

22.2 Basic measuring circuit (typical only)

A basic measuring circuit for the partial discharge test is shown in Figures 1 and 2.

In the Figures, a partial discharge-free high voltage capacitor, C of suitable voltage rating
(having a capacitance value large in comparison with the calibration generator capacitance,
Cy) in series with a detection impedance, Z,,, is connected to each of the high-voltage winding
terminals.

22.3 Calibration of the measuring circuit

Attenuation of the discharge pulses occurs both within the windings and in the measuring
circuit. Calibration is carried out as described in Annex A of IEC 60076-3, by injecting
simulated discharge pulses from a standard discharge calibrator at the transformer high
voltage winding terminals. It is convenient if the calibration generator has a repetition
frequency of the order of one impulse per half cycle of the power frequency used for the test
on the transformer.
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I ek
M

1

IEC 516/04

Key
1 Low-voltage winding
2 High-voltage winding

3 Measuring instrument

Figure 1 — Basic measuring circuit for the partial discharge test
for a single-phase transformer

c Zm
% }ET-I£|_“ oj\fi
¢ Zm _ ]

= IEC 517/04

Key

1 Low-voltage winding

2 High-voltage winding, delta or star connected
3 Measuring instrument

S Switch

Figure 2 — Basic measuring circuit for the partial discharge test
for a three-phase transformer

22.4 Voltage application

The partial discharge measurement shall be carried out after all dielectric tests are
completed. The low-voltage winding shall be supplied from a three-phase or single-phase
source, depending on whether the transformer itself is three-phase or single-phase. The
voltage shall be as nearly as possible of sine-wave form and of a frequency suitably increased
above the rated frequency to avoid excessive excitation current during the test. The
procedure shall be as in 22.4.1 or 22.4.2.

22.41 Three-phase transformers
22.4.1.1 Routine test

The following test shall be performed on all dry type transformers.
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IEC 518/04

Figure 3 — Voltage application for routine partial discharge test

A phase-to-phase pre-stress voltage of 1,8 U, shall be induced for 30 s where U, is the rated
voltage, followed without interruption by a phase-to-phase voltage of 1,3 U, for 3 min, during
which the partial discharge shall be measured.

22.4.1.2 Additional procedure test (special test)

This additional test is for transformers connected to systems which are isolated or earthed
through a high value impedance and which can continue to be operated under a single phase
line-to-earth fault condition. The test shall be performed when specified by the purchaser.

Ur 30s 3 min

Ur

/
J

TR g

IEC 519/04

Figure 4 — Voltage application for special partial discharge test

A phase-to-phase voltage of 1,3 U, shall be induced for 30 s, with one line terminal earthed,
followed without interruption by a phase-to-phase voltage of U, for 3 min during which the
partial discharge shall be measured (see Figure 4). This test shall be repeated with another
line terminal earthed.

22.4.2 Single-phase transformers

For single-phase transformers, U, shall be the line-to-line or line-to-neutral voltage as
appropriate. The voltage application shall be as for a three phase transformer.

Three-phase transformers comprising of three single-phase transformers shall be tested as
for three-phase transformers.

22.5 Partial discharge acceptance levels

The maximum level of partial discharges shall be 10 pC.

NOTE Special considerations should be given to transformers fitted with accessories, for example, surge
arrestors.
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23 Temperature-rise test (type test)

23.1 General

The relevant requirements in 5.1, 5.2.3, 5.4, 5.5 and 5.6 of IEC 60076-2 apply. A three phase
supply shall be used for the temperature rise test on three phase transformers.

23.2 Methods of loading

The manufacturer may choose any of the following methods may be applied.

23.2.1 Simulated load method

This method is applicable for an enclosed or non-enclosed or totally enclosed dry type unit
with natural air or forced air cooling.

Temperature rise is established by combining the short-circuited test (load loss) and the open
circuit test (no-load loss).

The temperature of the transformer shall be stabilised with that of the test laboratory
environment. The resistance of the high voltage and low voltage windings shall be measured,
these values will be used as reference values for the calculation of the temperature rise of the
two windings. The ambient temperature of the test laboratory shall also be measured and
registered.

For three-phase transformers, the resistance measurements shall be made between the
central and an outer phase line terminals.

The location of the measuring points (that is, the ambient temperature thermometers and
sensors on the transformer, if any), shall be the same for the reference and final
measurements.

The winding short-circuited test shall be performed with rated current flowing in one winding
and the other winding short-circuited and shall continue until the steady state condition of the
windings and magnetic core are reached, see 23.4. The winding temperature rise, A, shall
be established by the rise in resistance method or by superposition.

The open-circuit test, at rated voltage and rated frequency, shall be continued until steady-
state condition of the winding and magnetic core is obtained, individual winding temperature
rises, Af, shall then be measured.

The test procedure shall be either:

— the winding short-circuited test carried out until stabilisation of the core and the winding
temperature. Subsequently, an open-circuit test shall be carried out until stabilisation of
the core and winding temperature is reached.

or

— the open-circuit test carried out until stabilisation of the core and the winding temperature.
Subsequently, the winding short-circuited test shall be carried out until stabilisation of the
core and winding temperature is reached.
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The total winding temperature rise, Ad., of each winding, with rated current in the winding
and normal excitation of the core, is calculated by the following formula:

1/k1 7K1
: A6,
NG =06,|1+
NG,

where
AG, is the total winding temperature rise;
A, is the winding temperature rise at the short circuited test;
A6, is the individual winding temperature rise at the open circuited test;
K1 = 0,8 for natural air cooling and 0,9 for forced air cooling.

23.2.2 Back-to-back method2

This method is appropriate when there are two similar transformers and the necessary test
equipment is available. It is applicable for enclosed or non-enclosed dry-type units with
natural air or forced air cooling.

The temperature of the transformer shall be stabilised with that of the test laboratory
environment. The resistance of the high voltage and low voltage windings shall be measured,
these values will be used as reference values for the calculation of the temperature rise of the
two windings. The ambient temperature of the test laboratory shall also be measured and
registered.

The location of the measuring points shall be the same for the reference and final
measurements.

For three-phase transformers, the resistance measurements shall be made between the
central and an outer phase line terminals.

In a three phase transformer, the measurement should preferably associated with the middle
limb in case of star connected winding.

Two transformers, one of which is the transformer under test, are connected in parallel, and
preferably the inner windings are excited at the rated voltage of the transformer under test. By
means of different voltage ratios or an injected voltage, the rated current is made to flow in
the transformer under test until stabilisation of the core and winding temperatures. See
Figures 5 and 6.

2 The duration of the test may be reduced by exciting the core for a period of time (preferably not less than 12 h)
prior to the application of test current to the windings.
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B

A 4

IEC 520/04

Key
A Voltage source at rated frequency for no-load losses
B Source for rated current at rated frequency for load losses

C Booster transformer

Figure 5 — Example of back-to-back method — Single phase

M (e

IEC 521/04

Key
A Voltage source at rated frequency for no-load losses
B Source for rated current at rated frequency for load losses

C Booster transformer

Figure 6 — Example of back-to-back method — Three-phase
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23.2.3 Direct loading method3

This method is only applicable for small transformers.

One winding, preferably the inner winding, of the transformer is excited at rated voltage with
the other connected to a suitable load such that rated currents flow in both windings.

23.3 Winding temperature-rise correction for reduced current

When the input test current I, is below the rated value of current I, but not less than 90 % Iy,
the temperature rises, Af;, of the windings, shall be measured by the resistance method when
steady-state conditions of the winding and magnetic core have been reached, and corrected
to rated load conditions, A6y, by the formula:

q
AHN = A9t|:II—N:|

t
where

A6y is the temperature rise of the winding at the rated load condition;
A6, is the temperature rise of the winding at the test current;

Iy is the rated value of current;

I is the input test current.

The value of ¢ shall be taken as:

1,6 for AN transformers;
1,8 for AF transformers.

23.4 Determination of steady state conditions

The ultimate temperature rise is reached when the temperature rise becomes constant; this is
considered to have been achieved when the temperature rise does not vary by more than 1 K
per hour.

For the purpose of determining when steady state conditions have been achieved,
thermocouples or thermometers shall be applied to the following surfaces:

— For all types of transformers defined in Clause 3: centre of top yoke and as close as
practicable to the innermost low-voltage winding conductors at the top of the winding, the
measurement being on the centre leg of a three-phase unit.

24 Measurement of sound level (special test)

The relevant requirements in IEC 60076-10 apply.

NOTE Sound level guarantees are based on free field conditions and apparent increase in sound level may be
noted on site due to reflections from the hard building walls, floor and ceiling.

3 The duration of the test may be reduced by exciting the core for a period of time (preferably not less than 12 h)
prior to the application of test current to the windings.
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25 Short-circuit test (special test)
The relevant requirements in IEC 60076-5 apply.

The partial discharge test shall be repeated after the short-circuit test. The final values shall
not exceed the limits given in 22.5.

26 Environmental test (special test)

26.1 General

This test establishes the suitability of transformers for environmental classes as defined in
13.2. For the test sequence, see 13.4.

If not otherwise specified, the tests shall be performed on one transformer completely
assembled, fitted with its accessories (relevant for the test).

The transformer and its accessories shall be new and clean without any additional surface
treatment of the insulating parts.

26.2 Validity of the test

The validity of the results of an environmental test carried out on a transformer can be
extended to other transformers based on the same design criteria, such as:

— same conceptual design (for example, windings contained in solid insulation or not,
winding type, degree of protection, etc.);

— same main insulating materials.
26.3 Testing procedure
26.3.1 Class E1 transformers

This test is a condensation test.

The transformer shall be placed in a test chamber in which temperature and humidity are kept
under control.

The volume of the chamber shall be at least five times that of the rectangular box
circumscribing the transformer. The clearances from any part of the transformer to walls,
ceiling and spraying nozzles shall be not less than the smallest phase-to-phase clearance
between live parts of the transformer and not less than 150 mm.

The temperature of the air in the test chamber shall be such as to ensure condensation on the
transformer.

The humidity in the chamber shall be maintained above 93 %. This may be achieved by
periodically or continuously atomising a suitable amount of water.

The conductivity of the water shall be in the range of 0,1 S/m to 0,3 S/m.

The position of the mechanical atomisers shall be chosen in such a way that the transformer
is not directly sprayed.

No water shall drop from the ceiling upon the transformer under test.
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The transformer shall be kept in air having a relative humidity above 93 % for not less than
6 h, without being energised.

Within 5 min thereafter the transformer shall be submitted to a test with induced voltage as
follows:

— Transformers with windings intended for connection to a system which are solidly earthed
or earthed through a low impedance shall be energised at a voltage of 1,1 times the rated
voltage for a period of 15 min.

— Transformers with windings intended for connection to systems which are isolated or
earthed through a considerable impedance shall be submitted to a test with induced
voltage for 3 successive periods of 5 min. During the test, each high voltage terminal in
turn shall be connected to earth and a voltage of 1,1 times the rated voltage shall be
applied between the other terminals and earth. The three-phase test can be replaced by
single-phase tests with the two non-earthed phase terminals being interconnected.

Preferably, the above test should be made in the test chamber.

During the voltage application, no flashover shall occur and visual inspection shall not show
any serious tracking.

26.3.2 Class E2 transformers

This test procedure includes a condensation test and a humidity penetration test. The
condensation test shall be the same as described under 26.3.1, except for the conductivity of
water which shall be in the range of 0,5 S/m to 1,5 S/m.

At the beginning of the humidity penetration test, the transformer shall be in a dry condition. It
shall be installed in a de-energised condition and held in the climatic chamber for 144 h. The
temperature of the climatic chamber shall be held at (50 £3) °C and the relative humidity held
at (90 £ 5) %. At the end of this period and after 3 h in normal ambient conditions at the
latest, the transformer shall be subjected to the separate-source AC withstand voltage test
and the induced AC withstand voltage test, but at voltages reduced to 80 % of the
standardised values.

There should be neither flashover nor breakdown during the dielectric tests and visual
inspection shall not show any serious tracking.

27 Climatic test (special test)

27.1 Thermal shock test (special test)

This test will determine the suitability of transformers for climatic classes as defined in 13.1.
For the test sequence, see 13.4.

27.2 Validity of the test

The validity of the results of a climatic test carried out on a transformer can be extended to
other transformers based on the same design criteria, such as:

— same conceptual design (for example, windings contained in solid insulation or not,
winding type, degree of protection, etc.);

— same average temperature rise for the windings (according to Table 2);

— same conducting materials;

— same main insulating materials.
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27.3 Thermal shock test for C1 class transformers

27.3.1 Test method

The test shall be carried out on a complete transformer4 without enclosure, if any. The
transformer shall be placed in a test chamber.

The ambient temperature in the chamber shall be measured at a minimum of 3 positions
located 0,1 m from the external surface and at half the height of the test object. The mean
values of the readings shall be taken as the reference air temperature.

The following test procedure shall be applied:

a)

b)

4

The air temperature in the test chamber shall be gradually decreased to (-25 % 3) °C in
8 h and then maintained at this value for at least 12 h. until steady state condition has
been reached.

The temperature shall then be gradually increased up to (-5 % 3) °C in about 4 h. This
temperature shall be maintained for at least 12 h until steady state condition has been
reached.

A thermal shock shall then be performed by applying a current equal to twice the rated
current to the winding under test (contained in solid insulation). The current shall be
maintained until the winding under test reaches a mean temperature corresponding to the
average winding temperature rise, according to Table 2, plus 40 °C (maximum ambient
temperature in normal service conditions). The mean temperature reached by the
windings shall be determined by resistance variation. The thermal shock should be
performed by applying one of the following methods.

1) Test with DC supply

The prescribed thermal shock shall be performed by applying a DC current of the
specified value to the winding to be tested. In case of multiphase transformers, the test
current should be applied to all phase coils connected in series.

NOTE 1 To put the coils in series, it could be necessary to remove the winding connections.

The monitoring of the winding mean temperature for the duration of the test can
be made directly by the volt-ampere method measuring the test current and the
relevant voltage drop.

2) Test with AC supply

The prescribed thermal shock shall be performed by applying an AC current of the
specified value to the winding to be tested, with the other winding(s) short-
circuited. In case of multiphase transformers, a symmetrical system of currents
should be applied. The monitoring of the winding mean temperature for the
duration of the test should be performed in DC by over-positioning the measuring
current to the AC test current, or according to other equivalent method.

3) Test with AC supply, alternative method

Twice the rated current shall be supplied to the transformer with one of the
windings short-circuited. The temperature in each of the windings is monitored by
readings of temperature sensors fixed near the bottom and top of the winding
surface. The sensors are calibrated by a calibration test with twice the rated
current carried out at normal ambient temperature before the actual test.

By agreement between supplier and purchaser, the test may be carried out on all coils removed from the core.
The final dielectric checks should be carried out after reassembling the tested coils on the unit.
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The sensors are calibrated by comparing the sensor readings with the winding
temperature rise as measured by change in winding resistance. In this way, the
sensor reading corresponding to an average winding temperature rise according
to Table 2 plus 40 °C is determined. The same sensor reading shall be obtained in
the test, which starts at low ambient temperature.

NOTE 2 Care should be taken to prevent that some windings be thermally overstressed because of
the different thermal transient behaviour of the transformer parts.

d) After the thermal shock, the transformer shall be brought back to a temperature of
(25 £ 10) °C.

27.3.2 Test criteria
At least 12 h after the end of the thermal shock test, the transformer shall be submitted to the
dielectric routine tests (separate-source and induced overvoltage withstand tests), in

accordance with the insulation level of the windings, but at voltages reduced to 80 % of the
standard values.

In addition, for transformers having windings contained within solid insulation, partial
discharge measurements shall be carried out according to Clause 22. The test voltage shall
not exceed the test voltage of the reduced induced overvoltage withstand test (160 % of the
rated value) and the measured values shall not exceed those prescribed for routine tests.

When visually inspected, the windings shall show no visible abnormality, such as cracks or
slits.

27.4 Thermal shock test for C2 class transformers
27.4.1 Test method

The test methods are the same as in 27.3.1 with the following modification:
Step b) is deleted in order to carry out the thermal shock test from —-25 °C.

27.4.2 Test criteria

The test criteria are the same described in 27.3.2.

28 Fire behaviour test (special test)

28.1 General

To optimise the behaviour of a transformer, it is necessary to minimise its emission of toxic
substances and opaque smoke in the event of burning. The use of halogenic materials should
be avoided. Checking of corrosive and harmful gas emission shall be made according to 28.2.
Moreover, the transformer shall not contribute significantly to the thermal energy of an
external fire. The fire behaviour shall be assessed by the test procedure in 28.3.

28.2 Checking of corrosive and harmful gases emission

The emission of corrosive and harmful gases shall be checked on small quantities of the
combustible materials present in the transformer.
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In principle, the tests should be able to detect the presence of components such as hydrogen
chloride (HCI), hydrogen cyanide (HCN), hydrogen bromide (HBr), hydrogen fluoride (HF),
sulfur dioxide (SO2), formaldehyde (HCHO).

The details of test procedures and acceptable limits may be agreed between purchaser and
supplier unless specified in national regulations.

28.3 Fire behaviour test for F1 class transformer
28.3.1 Test object

The test shall be carried out on one complete phase of a transformer comprising HV and LV
coils, core leg and insulation components, without enclosure, if any. The core leg may be
replaced by material of approximately similar dimensions and thermal behaviour as the
original core leg. The yoke shall not be considered and the LV terminal leads cut at upper and
lower end coil level.

The outer coil diameter of circular or the maximum cross dimension for non-circular windings
to be tested shall be between 400 mm and 500 mm of a standard transformer.

NOTE Windings with larger or smaller dimensions may be tested by agreement.

28.3.2 Validity of the test

The validity of the results of a fire test carried out on a transformer can be extended to other
transformers based on the same design criteria, such as:

— same conceptual design (for example, windings contained in solid insulation or not,
winding type, degree of protection, etc.);
— same average temperature rise for the windings (according to Table 2);

— same main insulating materials.

28.3.3 Testing installation
28.3.3.1 Test chamber

The test chamber shall be based on the one described in IEC 60332-3-10 (related to cables),
see Figure 7. The walls shall be made of heat resistant steel with a thickness of 1,5 mm to
2,0 mm, thermally insulated, so as to give a heat transfer of approximately 0,7 W/(m2K). A fire
resistant window should be fitted if possible. The dimensions of the test chamber are shown in
Table 6.
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Table 6 — Dimensions of test chamber (see Figures 7 and 8)

All dimensions in mm

A B C D E F G H
" — - — - Diameter | Diameter
Minimum [ Maximum Minimum [ Maximum
9 000 3 500 4 000 2 000 1000 600 1 500 2 000 500 500
J K L M N P Q R S T
Minimum | Diameter
300 400 350 800 400 800 500 900 400 1200
U \"/ w X Y z AA AB AC
2) 2)
500 175 300 30 40 20 50 1000 1000
Y Approximate height.
2 Minimum dimension.

The chamber shall be equipped with a chimney of approximately 500 mm inner diameter and
an air-inlet duct of approximately 350 mm inner diameter. The difference in level between the
air inlet into the test-chamber and gas outlet at the chimney shall be approximately 9 m. The
air is admitted under the test chamber through a grating (400 x 800) mm2 and escapes
through an opening of approximately 0,3 m? into the chimney.

Within the chimney, there shall be a measuring section of 500 mm diameter and a length of at
least 600 mm, the lower end of which is situated 1,5 m to 2,0 m above the level of the roof of
the test-chamber.

Within the air-inlet duct there shall be a measuring section of 350 mm diameter and a length
of at least 400 mm at a distance of at least 1 m from the air inlet into the test chamber and to
the air-inlet to the duct.

A throttle valve shall be provided in the chimney and/or in the air inlet unless forced airflow is
provided. The test-chamber should be built in such a way that the influence of wind on the
amount of entering air be negligible.

28.3.3.2 Ignition sources (see Figure 7)

The main source of heat is ethyl alcohol (caloric value 27 MJ/kg) burning in a container which
may be subdivided by concentric rings. The outer diameter of the container in use shall be at
least 100 mm larger than the external diameter of the outer coil. The inner diameter of the
container shall be at least 40 mm smaller than the inner diameter of the inner coil.

The initial level of the alcohol in the container shall be (30 + 1) mm which corresponds to a
burning time of approximately 20 min.

A second source of heat is a vertically placed flat radiant electrical panel, approximately
800 mm in height and 500 mm in width, made of heating resistors totalling 24 kW with an
adjustable power source to maintain the panel at 750 °C. A hemicylindrical metal shield,
900 mm in diameter and 1,2 m in height, shall be placed opposite the panel.

NOTE When testing windings with an outer dimension larger than 500 mm, the shield may be omitted.
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28.4 Quantities to be measured and measuring devices
28.4.1 Temperatures

The following temperatures shall be measured by means of thermocouples or equivalent
devices:

— airinlet;

— air outlet;

— surface of LV-coil at top (optional);

— surface of HV-coil at top (optional);

— core leg or part simulating it, at bottom and top (optional);

— duct between core and LV-coil in the middle (optional);

— duct between LV- and HV-coil in the middle (optional).

NOTE The location of the measuring sensors on the test object is indicated in Figure 8.

28.4.2 Other quantities to be measured

— Transmission of visible light in the measuring section; this measurement shall be carried
out along an optical path through the smoke of at least 500 mm.

NOTE The optical transmission factor being X and the actual length of the optical path being p (expressed
in metres), the value of the transmission factor referred to a 1 m path is: T = X/p,

— Air flow rate in the air inlet.
— Gas flow rate in the chimney (optional).

28.5 Calibration of the test chamber without test object

The chamber shall be calibrated after energising the radiant panel with 24 kW constantly for
not less than 40 min.

The air-flow rate measured in the inlet section shall be adjusted in such a way that in steady
state conditions it will be 0,21 m3/s + 15 % at 20 °C. When the testing installation is based on
natural airflow, the flow-rate may be modified by acting on the throttle valve or equivalent
device. In the case of testing installations operating with forced air, the flow-rate may be
adjusted by acting on the fan system.

NOTE More adjustments may be needed to obtain the required air-flow-rate in steady-state conditions.

28.6 Test method

The test object shall be installed in the test chamber as indicated in Figure 8 respecting the
following conditions:

— The distance between the radiant panel and the outer winding surface shall be
approximately 175 mm.

— The initial level of alcohol in the container shall be approximately 40 mm under the
transformer winding level.

NOTE In some cases, agreement between purchaser and supplier is necessary depending upon the design of
the test object.

— The hemicylindrical metal shield shall be opposite to the heating panel and concentric with
the test object.

— The temperature in the test chamber, of the inlet air, and of the test object at the
beginning of the test shall be between 15 °C and 30 °C.
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— The container is filled with alcohol just before starting (in practical, within 5 min).

The test starts at the moment the alcohol is ignited and the radiant panel (24 kW) switched
on. The radiant panel shall be switched off 40 min later. The quantities listed in subclauses
28.4.1 and 28.4.2 shall be recorded for at least 60 min from the beginning of the test or for the
total duration of the test.

The test object shall be weighed before and after the test with an accuracy of +0,5 % or
better. The material representing the core leg and the coils with insulation parts may be
weighed separately.

28.7 Test report
The test report shall contain the following information:

a) Result of the test performed on samples of material (if required by the purchaser).

b) Total calculated mass and thermal energy of burnable materials (if possible) and
measured weight of the tested object.

c) Result of the test-chamber calibration (air flow-rate, temperatures in the measuring
sections, adjustment of the throttle valve or gas extraction system, etc.).

d) Full description of the method of carrying out the test, including the time periods during
which alcohol burns and electrical energy is applied.

e) Loss of mass of burnable materials during the test (accuracy of +10 %) and calculated
heat release (MJ) (if possible).

f) Temperatures recorded throughout the test at intervals of 2 min or less, starting from the
beginning of the test (ignition of the alcohol).

g) Visible light transmitted in the measuring section continuously recorded throughout the
test (in %).

h) Inlet airflow rate throughout the test, measured at intervals of 2 min or less in the
measuring section (m3/s).

i) Visible fire behaviour of the object under test.

28.8 Criteria for evaluating the test results
The test object shall be considered to have passed the test if it meets the following criteria:

a) The temperature rise above the ambient temperature of the gases in the measuring
section in the chimney shall not exceed 420 K throughout the test.

b) 5 min after the radiant panel is switched off (45 min after the beginning of the test), the
temperature rise above the ambient temperature of the gases in the measuring section in
the chimney shall not exceed 140 K and it shall decrease when measured over time
periods of 10 min.

c) The temperature rise of the gases in the measuring section in the chimney shall not
exceed 80 K after 60 min from the beginning of the test. These conditions are assumed to
demonstrate that the fire had ceased to burn.

NOTE A higher temperature rise may be allowed if the stored thermal energy prevents the temperature drop
with natural airflow.

d) The arithmetic mean of the optical transmission factor of light in the measuring section,
referred to an optical path through smoke of 1 m, between 20 min and 60 min after the
beginning of the test shall be not less than 20 % (indicative).
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29 Tolerances

Tolerances shall be as specified in table 1 of IEC 60076-1.

30 Protection against direct contact

Transformers in which constructive features do not provide for protection against direct
contact, shall be supplied with a visible element (warning plate or special mark) indicating the
danger, according to national rules.

31 Degrees of protection provided by enclosures

The design of an enclosure will be dependent upon the location and environmental conditions
in which the transformer is installed. The enclosure shall be specified by reference to
IEC 60529.

32 Earthing terminal

Transformers shall be fitted with an earth terminal for the connection of a protective
conductor. All exposed metallic conductive non-live parts shall be connected to the earth
terminal by construction or otherwise.

33 Information required with enquiry and order

The requirements in I[EC 60076-1, Annex A, apply.
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IEC 522/04

Key

1 Shield

2 Radiant panel

3 Alcohol container

NOTE See Table 6 for dimensions A to Z and AA to AC.

Figure 7 — Test chamber
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NOTE See Table 6 for dimensions A to Z and AA to AC.

Figure 8 — Test chamber details
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Annex A
(informative)

Installation and safety of dry-type transformers

A.1  Manuals

Instruction manuals concerning installation requirements, transport requirements, erection,
maintenance and operation should be given to the purchaser by the supplier, in particular for
the supply of a prototype for a given purchaser. Unless otherwise specified in the contract, it
is considered a good practice to transmit these manuals in advance, in order to enable the
purchaser to check the correctness of the installation and the steps taken to organise
transport and erection, if applicable.

A.2 Installation

A.2.1 General
Safety in the transformer use can be considered from different points of view:
a) intrinsic safety of the transformer in order to be free from dangerous events arising from

internal failure;

b) safety deriving from steps taken in the installation precautions against unavoidable
events;

c) limitation of consequences of external events.

National laws and regulations shall govern the steps to be taken to improve safety in b) and c)
above.

National standards specify installation requirements to be observed.

NOTE National laws and regulations prevail on the contents of this informative Annex.

The following Subclauses give some examples on the steps to be taken both by the supplier
and the purchaser to assure an acceptable degree of safety.

A.2.2 Intrinsic safety

The fulfilment of the requirements contained in this standard gives the necessary reliability
against dangerous failures inside the transformer. For main fittings, the relevant standards
are applicable. The manufacturer's instructions on loading capabilities should be followed and
loading guides are available in national standards.

The following particular points may be applicable:

— insulation levels and tests;
— maximum heat generation resulting from the guaranteed and tested losses;
— maximum temperature in service;

— systematic maintenance of the transformer, its accessories and protection. The manual
should address these points;

— the manual should give guidance on condition based maintenance;

— use of an F1 class transformer in case of danger of fire (external or internal).
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A.2.3 Installation precautions

Installation precautions are given in national laws and regulations and in national standards.

Installation designers should consider the following, non exhaustive, list of points:
— the cooling system should be sufficient to keep the temperature of the ambient air below
the specified maximum limits;

— adequate protection against transient overvoltages generated by the system or by
lightning;

— the overcurrent protection and inherent short-circuit withstand capability of the
transformer;

— other protections on the transformer (contacts on temperature indicating devices, etc.) and
in the installation (relays, fuses, etc.);

— risk and consequences of and precaution against fire originating in the transformer itself or
originating elsewhere;

— restricted access to avoid contact with live parts or hot parts and to limit the presence of
persons in the case of failure;

— limitation of the noise emission outside the installation;
— for busbars or cables, control of the emission of the magnetic field may be necessary;
— provision to prevent ambient air contamination;

— to prevent generation and accumulation of gases.

A.2.4 Installation designers should provide the following
— Sufficient ventilation to keep the air temperature around the transformer below the limits
given in 4.2.3 unless otherwise agreed between supplier and purchaser.

— Adequate measures to keep the ambient air temperature above the lower limits in 4.2.3
unless otherwise specified.

— Adequate protection against transient overvoltages.

NOTE Careful attention should be given to the fast transient overvoltages occurring when the circuit breaker
interrupts the magnetising current prior to its reaching a natural current zero. Such transients are often
repeated several times with escalating peak value during one circuit breaker operation.

— A device or system that immediately disconnects the transformer from the energy source
in case of large over-currents.

— Protection against heat from nearby heat sources.

— Minimum retention pockets for combustible smokes and gases.
— Restricted accessibility for safety reasons.

— Limitation of sound outside the installation, if necessary.

— Control of emission of magnetic fields (mainly due to connections or busbars) outside the
installation by means of screens in the installation or adequate distances.
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