IEC 60724:2000+A1:2008

IEC

o
®

IEC 60724

INTERNATION
STANDARD

NORME
INTERNATION

Edition 3.1 2008-11

AL

ALE

Short-circuit_ temrﬁMmSTﬁAN@g&M)aBREKﬁE}WvoItages
oY (=121 14 5 {580 a

Limites de température de -?j' (

assignées de 1 kV (U, =1, et3

C it 13“QI électriques de tensions
%i%mﬁagfag%@gz%ga-aom-

58550fb0cO4/iec-60724-2000amd 1-2008-csv




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2008 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pays de résidence.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

= Catalogue of IEC publications: www.iec.ch/searchpub
The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,...).
It also gives information on projects, withdrawnand replaced publications.

= |EC Just Published: www.iec.ch/online news/justpub
Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available
on-line and also by email.

" Electropedia: www.electropedia.org

The world's leading online dictionary of, electronic and electrical, terms containing more than 20 000 terms and definitions
in English and French, with equivalent terms in additional Tanguages. Also known as the International Electrotechnical
Vocabulary online.

® Customer Service Centre: www.iec.ch/webstore/custserv

If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service
Centre FAQ or contact us:

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 03 00

A propos de la CEI

La Commission Electrotechnique Internationale (CEIl) est la premiére organisation mondiale qui élabore et publie des
normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

= Catalogue des publications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm
Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéeres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEI: www.iec.ch/online _news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00




IEC IEC 60724

®

Edition 3.1 2008-11

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Short-circuit temperatuie limits of electric cables with rated/voltages
of 1 kV (U, = 1,2 kV) and 3 kV (U, =,3,61kV)

Limites de température de court-circuit des cables électriques de tensions
assignées de 1 kV. (U, =1,2/kV) et 3 kV. (U = 3,6 kV)

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 29.060.20 ISBN 978-2-88910-259-4

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- 60724 © IEC:2000+A1:2008

CONTENTS
L0 ] L @ I PP
INTRODUGCTION ..ottt e et e e e et e e e e et e e e ea e e e e e eaaeeneees
ST oo o1
2 NOIMALIVE TEIEIENCES ... it et
Factors governing the application of the temperature limits ...
K T R € 1= 3 =Y - | P
K T - o] Y P
3.3 A CCES SO IS ittt ettt
3.4 Installation CONAItIONS .....c..iiiii e
4  Maximum permissible short-circuit temperatures for cables with rated voltages
of 1kV (Up,=12kV)and 3kV (U, =3,6KV) ...
4.1 Insulation materials. ... ...
4.2 Oversheath and bedding materials where there are no electrical
OF Other rEQUITEMENTS ..o e eas
4.3 Conductor/metallic sheath/screen/armour materials and methods of connection......
Table 1 — Temperature limits,forinsulation materialsh... 2 L2 L L L
Table 2 — Temperature limits for,oversheath materials...........oocooviiiiiiiiiii e,

Table 3 — Temperature limits for'current-carrying components /. .......ccoocoviiiiiiiniiiininen,



60724 © IEC:2000+A1:2008 -3-

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHORT-CIRCUIT TEMPERATURE LIMITS
OF ELECTRIC CABLES WITH RATED VOLTAGES
OF 1 kV (U, = 1,2 kV) AND 3 kV (U, = 3,6 kV)

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 jcorresponding)national-on(regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure(to.indicate,(itsapproval,and(cannat 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 60724 has been prepared by IEC technical committee 20: Electric
cables.

This consolidated version of |IEC 60724 consists of the third edition (2000) [documents
20/399/FDIS and 20/418/RVD] and its amendment 1 (2008) [documents 20/951/FDIS and
20/974/RVD].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.

It bears the edition number 3.1.

A

vertical line in the margin shows where the base publication has been modified by

amendment 1.
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The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

« amended.
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INTRODUCTION

Editorially, this third edition of IEC 60724 is brought into line with IEC 60986, second edition,
and IEC 61443, first edition.

The following four aspects may be applicable when selecting the short-circuit rating of a cable
system:

a) the permissible maximum temperature limits for cable components (e.g. conductor,
insulation, screen or metallic sheath, bedding, armour and oversheath). For practical
purposes, the energy producing the temperature rise is usually expressed by an equivalent
(12t) value so that the permitted maximum duration for a given short-circuit current can be
calculated;

b) the maximum value of current which will not cause mechanical failure (such as bursting)
due to electromagnetic forces. Irrespective of any temperature limitations, this determines a
maximum current which should not be exceeded;

c) the thermal performance of joints and terminations at the limits of current and duration
specified for the associated cable. Accessories should also withstand the thermo-
mechanical and electromagnetic forces produced by the short-circuit current in the cable;

d) the influence of installation conditions on the above three aspects.

Aspect a) is dealt with in detail, and the limits given are based on a consideration of the cable
only. A single short-circuit application is not expected to produce any significant damage to the
cable, but repeated short-circuitsymayy,cause cumulativeydamage: Guidance is given, where
appropriate, on aspects ¢) and d) ‘mainly”as"they concern—thermo-mechanical forces in the
conductors and metallic sheath. Aspect,b)is not covered.in.this standard.

The limits recommended in this International Standard should be used for guidance only.

It is not possible to provide..complete limits -for, joints and terminations because their
construction is not standardized and performance varies. Where the full short-circuit capability
of the cable is needed, the accessories should be designed appropriately, but this is not always
economically justified and the short-circuit capability of a cable system may be determined by
the performance of its joints and terminations. Where possible, guidance has been included on
the performance of accessories when they are installed on cables subject to the short-circuit
limits given in this standard.
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SHORT-CIRCUIT TEMPERATURE LIMITS
OF ELECTRIC CABLES WITH RATED VOLTAGES
OF 1 kV (U, = 1,2 kV) AND 3 kV (U, = 3,6 kV)

1 Scope

This International Standard gives guidance on the short-circuit maximum temperature limits of
electric cables having rated voltages of 1 kV (U, = 1,2 kV) and 3 kV (U, = 3,6 kV), with regard
to the following:

— insulating materials;
— oversheath and bedding materials;
— conductor and metallic sheath materials and methods of connection.

The design of accessories and the influence of the installation conditions on the temperature
limits are taken into consideration.

The calculation of the permissible short-circuit current in the current-carrying components of
the cable should be carried out in accordance with IEC 60949.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition:cited’applies. \Eor undated references, the latest edition of
the referenced documenti(includingiany:amendments) applies:

IEC 60055 (all parts), Paper-insulated metal-sheathed cables for rated voltages up to 18/30 kV
(with copper or aluminium conductors and excluding gas-pressure and oil-filled cables)

IEC 60502-1:1998, Power cables with extruded insulation and their accessories for rated
voltages from 1 kV (U, = 1,2 kV) up to 30 kV (U, = 36 kV) — Part 1: Cables for rated voltages
of 1 kV (U, = 1,2 kV) and 3 kV (U, = 3,6 kV)

IEC 60949:1988, Calculation of thermally permissible short-circuit current, taking into account
the non-adiabatic heating effects

3 Factors governing the application of the temperature limits

3.1 General

The short-circuit temperatures given in clause 4 are the actual temperatures of the current-
carrying component as limited by the adjacent material in the cable and are valid for short-
circuit durations of up to 5 s. When calculating the allowable short-circuit current, these
temperatures will be obtained if heat loss into the insulation during the short-circuit is taken
into account (non-adiabatic heating). If heat loss during the short-circuit is neglected (adiabatic
heating), the calculations give short-circuit currents that are on the safe side.

NOTE The temperature limits given in clause 4 should also not be exceeded with repeated short-circuits occurring
in a short time.
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The 5 s time period mentioned is the limit for the temperatures quoted to be valid and not for
the application of the adiabatic calculation method. The time limit for the use of the adiabatic
method has a different definition, being a function of both the short-circuit duration and the
cross-sectional area of the current-carrying component. This is dealt with in IEC 60949.

Caution may be needed when using the conductor temperatures specified when the cables are
sheathed with a lower temperature material, especially for cables with conductor cross-
sectional areas of 1 000 mm? and above. This is because the high thermal time constant of
these cables will cause the oversheath to attain high temperatures for longer times. In addition,
the high mechanical forces could result in insulation deformation. Nevertheless, it should be
stressed that for conductor cross-sectional areas above 1 000 mm?® the permissible short-
circuit current is so high that it is not normally attained in common systems.

Where other temperature limits are known with certainty to be more appropriate for the
materials or the cable design, then these may be used.

3.2 Cables
3.2.1 Paper insulated cables (mass-impregnated cables according to IEC 60055)

The temperature limits for paper insulated cables impregnated with oil/resin or non-draining
compound are imposed by the tendency to compound migration and void formations. All paper
insulated cables are also limited by thermal degradation of the cable components and by
possible tearing of paper tapes due to movement of the cores.

3.2.2 Polymeric insulated cables (according to.IEC 60502-1)

For thermoplastic insulating materials, the temperature limits should be applied with caution
when the cables are either directly buried or securely,clamped when in air. Local pressure due
to clamping or the use of an installation radius less than.-that specified for the cable, especially
for cables that are rigidly restrained, can lead to, high deforming forces under short-circuit
conditions. Where these conditions cannot be avoided it is suggested that the limit be reduced
by 10 °C.

3.3 Accessories

Attention should be given to the design and installation of joints and terminations if the short-
circuit limits set out in this standard are to be safely used. The following aspects are not
exclusive and are provided for guidance only. It is desirable that the performance of an
accessory be considered in the context of the particular installation.

a) Longitudinal thrust in cable conductors can be considerable, depending on the degree of
lateral restraint imposed on the cable. Conductor stresses as high as 50 N/mm?2 can easily
occur. These forces may cause buckling of conductors and other damage in a joint or
termination.

b) Longitudinal tension in cable conductors is also to be expected after a short-circuit. This
tension may exist for a very long period, particularly if the cable is only partly loaded after
the short-circuit. A minimum conductor stress of 40 N/mm?2 should be used for design
purposes.

c) With impregnated paper cables, compound expansion can give rise to considerable fluid
pressure. If compound leaks out at joints and terminations, it could cause softening of the
bitumen filling. Moisture may also be drawn back into the accessory and cable in a
sufficient quantity to affect the performance of the insulation.

d) The use of a temperature limit only implies that any combination of current and time which
produces temperatures not exceeding that limit is permissible. For short-circuit currents this
is not sufficient. An additional limit should be set for the peak value of the current in order
to avoid excessive electromagnetic forces. These forces are of particular importance at
terminations and proper support is necessary to avoid undesirable movement and damage.
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e) Soldered joints should not be used if conductor temperatures greater than 160 °C are
contemplated.

f) Attention is drawn to the need to examine the design for short-circuit stability of the
electrical contact of all connectors used for jointing conductors and connecting armour and
metallic sheath bonds.

g) Screen and/or armour wires, when gathered together at a joint or termination, may have a
lower short-circuit performance than when in the cable. At such connections the expected
temperature rise should not be excessive for the materials involved and adequate
mechanical support should be provided.

h) Account should be taken of the risk of longitudinal shrinkage of polymeric components at
the cut ends of cables at short-circuit temperatures.

3.4 Installation conditions

When it is intended to make full use of the short-circuit limit of a cable, consideration should be
given to the influence of the installation conditions. An important aspect concerns the extent
and nature of the mechanical restraint imposed on the cable. Longitudinal expansion of
the cable during a short-circuit can be significant and when this expansion is restrained, the
resultant forces are considerable.

For cables in air, it is advisable to install them so that expansion is absorbed uniformly along
the length by snaking rather than permitting it to be relieved by excessive movement at a few
points only. Fixings should be spaced sufficiently far apart to permit lateral movement of
multicore cables or graups.af, single-core/ cables!

Where cables are installed directlylinl the ground; or réquiré! restraining by frequent fixing, then
provision should be made to accommodate the resulting longitudinal forces on accessories.
Sharp bends should be avoided, because, the, longitudinal forces are translated into radial
pressures at bends in the cable route and these may damage thermoplastic components of the
cable such as insulation and sheaths. Attention is drawn_ to the minimum radius of installed
bend recommended by the appropriate installation regulations. For cables in air, it is also
desirable to avoid fixings at a bend which may cause local pressure on the cable.

4 Maximum permissible short-circuit temperatures for cables with
rated voltages of 1 kV (U,,= 1,2 kV) and 3 kV (U, = 3,6 kV)

The following tables should be read in conjunction with the comments in clause 3. Values given
are actual temperatures of the current-carrying components. Limits are for short-circuits of up
to 5 s duration.

The following subclauses 4.1 to 4.3 should be considered together when selecting a
temperature limit for a particular cable construction.

4.1 Insulation materials

The temperature limits for all types of conductors when in contact with the insulation materials
specified are given in table 1.
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Table 1 — Temperature limits for insulation materials

Material 1) Temperature

°C

Paper 250

Polyvinyl chloride (PVC/A)

— conductor cross-section <300 mm? 160

— conductor cross-section >300 mm? 140

Cross-linked polyethylene (XLPE) 250

Ethylene propylene rubber (EPR and HEPR) 250

1) Materials and designations according to IEC 60055 and IEC 60502-1.

4.2 Oversheath and bedding materials where there are no electrical or
other requirements

The screen/metallic sheath/armour temperature limits, when in contact with, or embedded in
the oversheath materials, but thermally separated from the insulation by layers of suitable
material and sufficient thickness, are given in Table 2. If thermal separation is not provided, the
temperature limit of the insulation should be used if it is lower than that of the oversheath.

Table/2/+ Temperature limits for oversheath materials

A Temperature 2,
Material "
°C

Polyvinyl chloride (ST;-and'ST,) 200
Polyethylene . . (ST,) 150

(ST,) 180
Polychloroprene, chlorosulphonated polyethylene 200
or similar polymers (SE,)

1) Materials and designations according to IEC 60502-1.

2) Higher temperatures may be allowed, provided experimental data are available to demonstrate their use.

4.3 Conductor/metallic sheath/screen/armour materials and methods of connection

Temperature limits of current-carrying components are given in Table 3. Limitations of non-
metallic materials in contact with these metals should also be considered.
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