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National foreword

This British Standard has been prepared by Technical Committee PEL/14 and
implements HD 484.4 S1:1994, published by the European Committee for
Electrotechnical Standardization (CENELEC).

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and 11,
the HD title page, pages 2 and 3 and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the
inside front cover.
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Descriptors: Electrical transformer, power transformer, three phase transformer, immersed transformer, determination, rating,
electrical power

English version

Three phase oill-immersed distribution transformers, 50 Hz,
from 50 to 2 500 kVA with highest voltage for equipment
not exceeding 36 kV
Part 4: Determination of the power rating of a transformer
loaded with non-sinusoidal currents

Transformateurs triphasés de distribution Drehstrom-0Ol-Verteilungs-transformatoren 50 Hz
immergés dans 'huile, 50 Hz, de 50 a 2 500 kVA, von 50 bis 2 500 kVA, mit einer hochsten

avec une tension la plus élevée pour le matériel ne Spannung flur Betriebsmittel bis 36 kV

dépassant pas 36 kV Teil 4: Bestimmung der Bemessungsleistung eines
Partie 4: Détermination de la caractéristique de Transformators bei nichtsinusférmigen

puissance d’'un transformateur avec des courants de  Laststromen
charge non sinusoidaux

This Harmonization Document was approved by CENELEC on 1993-09-22.
CENELEC members are bound to comply with the CEN/CENELEC Internal
Regulations which stipulate the conditions for implementation of this
Harmonization Document on a national level.

Up-to-date lists and bibliographical references concerning national
implementation may be obtained on application to the Central Secretariat or
to any CENELEC member.

This Harmonization Document exists in three official versions
(English, French, German).

CENELEC members are the national electrotechnical committees of Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,

Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fur Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B-1050 Brussels

© 1994 Copyright reserved to CENELEC members
Ref. No. HD 428.4 S1:1994 E
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Foreword

This Part 4 of HD 428 was prepared by WG 7,
Harmonics, of Technical Committee CENELEC
TC 14, Power transformers.

This document was submitted to the Unique
Acceptance Procedure (UAP) and was approved by
CENELEC as HD 428.4 S1 on 1993-09-22.

The following dates were fixed:

— latest date of
announcement of the HD
at national level (doa) 1994-03-01

— latest date of publication
of a harmonized national
standard (dop) 1994-09-01

— latest date of withdrawal
of conflicting national
standards (dow) 1993-09-01
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1 Scope

This document gives to the user guidance to
determine the loadability of an oil-immersed
distribution transformer, as defined in and covered
by HD 428, in the case of load current with
harmonic factors exceeding the maximum values
allowed.

NOTE In general this document is also applicable to dry-type
distribution transformers as defined in and covered by HD 538.

2 Application

For normal electrical energy distribution, the
allowable total harmonic factor? and even harmonic
factor of the load current are assumed to be limited
to 5 % and 1 % respectively.

For electrical distribution with higher harmonic
factors, it has to be taken into account that the load
loss increases and, by consequence, the temperature
rises in the transformer exceed those corresponding
to sinusoidal currents having the same RMS value.
NOTE If the transformer is intended for converter operation,

the matter should be discussed between purchaser and
manufacturer.

3 Equivalent power rating

The equivalent power rating is related to sinusoidal
current which causes the same losses as those
occurring with the non-sinusoidal current imposed.

The equivalent power rating is equal to the power
based on the RMS value of the non-sinusoidal
current multiplied by the factor K.

The rated power of the transformer to be used shall
be equal to or higher than the equivalent power
rating.

In case a transformer in service is subsequently
loaded with harmonic currents, a derating

factor 1/K shall be applied to the rated power.

D The harmonic factor H, in percentage, is defined by:

n=N

H% = 100 [%2 ('7';-)2]%

4 Calculation of the factor K to obtain
the equivalent power rating

The factor K is given by the following formula?:

[ v (9 S 6o

In the above formula the following symbols and
definitions apply:

e = the eddy current loss due to sinusoidal
current at fundamental frequency
(e.g. 50 Hz), divided by the loss due to a d.c.
current equal to the RMS value of the
sinusoidal current, both at reference
temperature

n = harmonic order

I = the rms value of the sinusoidal current and,
in the other case, of non-sinusoidal current,
containing all harmonics, given by

=( 21,.2 )%

n=N

[ 3 BT

L

I, = the n'" harmonic current (amplitude or
RMS value)

I; = the fundamental current (amplitude or
RMS value)

g = an exponential constant?

2The exponent g is dependent on the type of windings and on the
frequency. However, as an approximation and as a guidance, the
following constant values may be used:

— 1,7 for transformers with round or rectangular wire in both

the low and high voltage windings,

— 1,5 for transformers having low voltage foil windings.
Other values, based on measurements and possibly frequency
dependent, may be applied by agreement between purchaser and
manufacturer.

2) In the formula it is assumed that both power ratings are based on the same rms value of the load current.
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BSI — British Standards Institution

BSI is the independent national body responsible for preparing
British Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that they possess the latest amendments or
editions.

It 1s the constant aim of BSI to improve the quality of our products and services.
We would be grateful if anyone finding an inaccuracy or ambiguity while using
this British Standard would inform the Secretary of the technical committee
responsible, the identity of which can be found on the inside front cover.

Tel: 020 8996 9000. Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it 1s BSI policy to supply the
BSI implementation of those that have been published as British Standards,
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through its Library and its Technical Help to Exporters
Service. Various BSI electronic information services are also available which give
details on all its products and services. Contact the Information Centre.

Tel: 020 8996 7111. Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For details
of these and other benefits contact Membership Administration.

Tel: 020 8996 7002. Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the
UK, of the publications of the internationalstandardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means — electronic, photocopying, recording or otherwise — without prior written
permission from BSI.

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.




