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BODY OF HD

The Harmonization Document consists of:

- IEC 228 (1978) edition 2 and IEC 228A (1982); IEC/SC 20A, not sppended

This Harmonization Document was approved by CENELEC on 3 December 1985.

The English and French versions of this HD are provided by the text of the IEC
publication and the German version is the official translation of the IEC text.

According to the CENELEC Internal Regulations the CENELEC member National
Committees are bound:

to announce the existence of this Harmonization Document at national level
by or before 1986-03-01

to publish their new harmonizéd national standard

by or before 1986-09-01

to withdraw all conflicting-national standgrds »
by or before 1986-09-01. 2 | N
4armonized national standards are listed on ‘the HDinformation sheet, which is

available from the CENELECNatiorial Committees or’ fromtthed CENELEC General
Secretariat. -

The CENCI.EC Nationa!l Committees are tnhe national electrotechnical committees of
Austria, Beigium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxemburg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United
Kingdom.

@ Copyright reserved to ail CENELEC members
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INTERNATIONAL ELECT_ROTECHNICAL COMMISSION

CONDUCTORS OF INSULATED CABLES

FOREWORD

The formal decisions or agreements of the TEC on technival matters, prepared Iy Tee
National Committees having a special interest therein are repioses -
consensus of opinion on the subjects dealt with.

~mittees on which all the

T e e
S0, &0 W

They have the form of recommendations for international usc and they arc accepted by the National Committees in that
sense.

In order to promote international unification, the 1EC expresses the wish that all National Commiittees should adopt
the text of the IEC recommendation for their national rules in so far as national conditions witl permit. Anv divergence
between the IEC recommendation and the corresponding national rules should, as far as possihle, be clearly indicated
in the latter.

PREFACE

This standard has been prepared by Sub-Committce 20A. High-voltage Cables, of 1 EC Technical

Committee No. 20, Electric Cables.

A draft was discussed at the meeting held in Oslo in 1976, As 2 result of this meeting. a draft, Document

20A(Central Office}60, was submitted to the National Committees for approval under the Six Months’
Rule in June 1977.

The following countries voted explicitly in favour of publication:

Argentina Ttaly

Australia Japan

Austria Nothertonds

Belgium Portugal

Denmark Romania

Egypt Spain

Finland Swedcen

France Turkey

Germany UniomaDSER ey Sagialiiy Ropuhlics
Israel United Kingdom

Other I1EC publications quoted in this standard :

Publications Nos. 28: International Standérd of Resistance-for-Copper.

111: Recommendation for the Resistivity of Commercial Hard-drawn Aluminium Electrical Con-
ductor Wire.



CONDUCTORS OF INSULATED CABLES

INTRODUCTION

This standard is a revision of I EC Pubhication 228, it supersedes the First Edition dated 1966.

It is intended as a guide to the TEC Technical Committecs in drafting standards for electric cables and
to the National Committecs in drafting speciiicanions for use in thir own counires. These Committees
should select from the tables of this gencral standard the conductors appropriate to the particular appli-
cations with which they are concerned and cither include the applicable details in their cable specifications
or make appfopriatc references to this standard.

In preparing this edition the main objects have been to take account of experience and developments
since the First Edition was published and to simplify the standard so far as is compatible with technical
and economic considerations.

~The number of classes of conductor has been reduced to four. There are two classes of conductors for
cables for fixed installations; Class 1 is for solid conductors only and Class 2 for stranded conductors.
For flexible conductors there are also two classes; as these correspond closely with Classes 5 and 6 of the
1966 edition, those class numbers have been retained to preserve continuity and avoid any confusion.
Classes 3 and 4 have been omitted, since they have had relatively little use and Classes 2 and 3 respectively
are considered suitable for most of the applications for which Classes 3 and 4 have been employed.

The number of different specified maximum resistance values for different types of conductor of the same
nominal cross-sectional arca has been reduced as follows:

For Classes 1 and 2, conductors of the same material and same nominal cross-scctional area have the
same specified maximum resistances for both classes and for both single- and multicore cables and whether
the conductors are circular, compacted cireular or shaped. However. to avoid too large divergences from
previous values, the differences in specified resistances between plan and mctal-coated copper conductors
havé been retained.

Also in these two classes, the specified maximum resistance of cach nominal cross-sectional area of
aluminium conductor in the range up to and including 10 mm? is the same as for the next smaller standard
size of copper conductor. The object of this is to provide equivalence of resistance between the small sizes
of wiring cables with copperand, aluminium conductors, For 16 mmandabove, separate resistances are
retained between copper and aluminium ‘conductors:

As metal-coated and metal-clad aluminiam/conductors arc included for the first time, in order to avoid
a proliferation of different resistance valucs for various materials in these categories, as well as aluminium
alloys, the same resistances arc specified for albthése types’of““aluminium ™ conductors. To achieve this
standardization of resistance)“theresmay’belaoyariationsinsiwireOsizes Wsed “for/ the 'same nominal cross-
sectional areas according to the particular’ material/used:

The resistance values chosen for Classes 1 and 2 are those which were specified for Class 2 in the 1966
edition for multicore cables for the nominal cross-sectional areas from 2.5 mm? up to 400 mm? and for
single core cables for the nominal cross-sectional areas above 400 mm?2. For the sizes up to 1.5 mm?, for
which the differences between the resistances of Class 1 and Class 2 conductors in the 1966 edition were
larger than for the other sizes, the lower values specified for Class 1 in the 1966 edition for multicore
cables have been adopted, in order to avoid any large increase in resistance values,
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For flexible conductors of Classes 5 and 6, copper conductors only are included. The resistance valucs
for these two classes are the same and correspond to the resistance values for multicore cables specified
in the 1966 cdition for Class 5. the difference between plain and metial-coated conductors again being
retained.

As a result of the simplification achieved b combining resistances of <ingle- and multicore ¢ahles and
different forms of conductor mto common resistance \1L.c\. the method of calculation of resistances

meluded 1 che 1an cdiinm i~ podonsor s Cr s Lo L e s nad P evarn,

summary of the derivation of the present \.ﬂuu h\\m Hu previous values provides a meansoif required, of
determining their origin.

Crass | axo Crass 2

COPPER CONDUCTORS

Up to 1.5 mm?* As Class 1 multicore of 1966 cdition.
2.5 mm?®up to 400 mm?® As Class 2 multicore of 1966 edition.
500 mm*® and above As Class 2 single-core of 1966 cdition.

ALL MINIUM CONDUCTORS

Up to 10 mm?* As next smaller standard nonunal cross-sectional area of copper conductor.
16 mm? up to 400 mm* As Class 2 multicore of 1966 cdition. :
500 mm* and above As Class 2 single-core of 1966 cdition.

Crass 5 axp CLaSs 6
As Class 3 muiticore of 1966 edition.

for both copper and aluminium conductors. lL is considered that this tablv gives practical values well
within the accuracy which can normall condy

Table V, specifying temperature correction javtors, has been simplified by adopting thg same factors
iv

ol in the measurement ¢

ictor temperature and

length of cabkle. However, more exact forniulae for caleulating correction f"a::o:'\i forcopper and aluninium

conductors separately are also given.

1. Scope

This standard specifios the standardizediominalierass-sectivnal arcasfrony 0.5 mim? 1o 2 600 mm?*,
as well as numbers and diameters of wires and resistancepvalues, for conductors in electric cables
and flexible cords.

It does not apply to conductors for telecommunication, purposes, and it applics to conductors of
special design only, when, stated in. the.specification. for-the type.of cabler Conductors of special
design are, for example, conductors)for pressure,cables; condugtors in extra-flexible welding cables
or in special types of flexible cables having the cores twisted together with unusually short lays.

2. Classification

The conductors have been divided into four classes: 1, 2, § and 6.



Those in Classes | and 2 arc intended for use in cables for fixed installations, Class 1 being solid
conductors and Class 2 stranded conductors.

Classes 5 and 6 arc intended for usc in flexible cables and cords, Class 6 being more flexible than
Class 5.

3. Materials

The conductors may consist of:
-— plain or metal-coated anncaled copper
— or plain or metal-coated aluminium or aluminium alloy
—- or metal-clad aluminium
— or metal-coated metal-clad aluminium

as specified for the different types of conductors in Clause 4.

The term ** metal-coated ™ means coated with a thin layer of suitable metal, such as tin. tin alloy

or lead alloy for the coating of copper, or copper, nickel or tin for the coating of aluminium or
aluminium alloy.

The term “‘metal-clad aluminium™ means wire consisting of a core of aluminium to which 1s
metallurgically bonded an outer shell of another metal.

4. Cables for fixed installations

4.1

4.1.1

4.1.2

Solid conductors (Class 1)
Solid conductors shall comply with the following requirements:
The conductors shall consist of:

— plain or metal-coated annealed copper;
— or plain or metal-coated aluminium or aluminium alloy:
— or metal-clad aluminium:

— or metal-coated metal-clad aluminiun,
Solid copper conductors shall be of circular cross-section.

The solid copper conductors having nominal cross-sectional areas of 25 mm? and above included
in Table I are intended for particular types of cable only and not for general purposes.

Solid aluminiumhconductorsiofisizes uplto-and including 16 mmdshallbe of circular cross-section.
Sizes 25 mm? and above shall be of(circular crossssection-forlsingle-core cables and may be of cither
circular or shaped cross-section for multicore cables.

Conductors with cross-sectional areas of 95 mm? and above may be subdivided into up to five
sections.

The resistance of each conductor at 20 °C shall not exceed the appropriate maximum value given
in Table I.
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2 Stranded circular non-compacted conductors (Class 2)
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Stranded circular non-compacted conductors shall comply with the following requirements:

Conductors shall consist of;

— plain or metal-coated anncaled copper;
—-oor plain o metal-conted aluminTam or alirminiun abiox

— or metal-clad alumimium;
----- or metal-coated metal-clad alumimium.

Stranded aluminium conductors shall normally have a cross-sectional area not less than 10 mm?,
but 4 mm?* and 6 mm? may be used subject to the snecial considorazions of the suitab iy of the
conductor for the type of cable and its applications.

The wires in each conductor shall all have the same nominal diameter.

The number of wires in each conductor shall be not less than the appropriatc minimum number

given in Table II. The minimum number of wires is not specified for cross-sectional arcas from
1 200 mm?* to 2 000 mm?.

The resistance of cach conductor at 20 “C shall not exceed the appropriate maximum vajue given
in Table II.

Stranded compacted circular conductors and stranded shaped conductors (Class 2)

Stranded compacted circular conductors and stranded-shaped conductors shall comply with the
following requirements:

Conductors shall consist of:

— plain or metal-coated anncaled copper:
~— or plain aluminium or aluminium alloy.

Stranded compacted circular aluminium conductors shall have a cross-sectional arca nat loss than
16 mm®. Stranded shaped copper or aluminium conductors shall have a cross-sectional zroa not less
than 25 mm?.

The ratio of the diameters of two different wires in the same conductor shall not exceed 2.

The number of wires in cach conductor shall be not less than the appropriate minimum number
given in Table II. The minimum number of wires is not specified for cross-sectionai arcas from
1 200 mm?® to 2 000 mm®.

The resistance of cathiconductarat 200 C'shall not'excecd the-appropriate maximum value given
in Table I1.

Flexible conductors (Classes 5 and 6)

Flexible conductors shall comply with the following requirements:

Conductors shall consist of plain or metal-coated annealed copper.

5.2 The wires in each conductor shall all have the same nominal diameter.

The diameter of the wires in each conductor shall not exceed the appropriate maximum value given
in Table 11T or Table V.
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