IEC 60228:2023-12 CMV(en)

IEC 60228

Edition 4.0 2023-12

I N T E RNAT I 0 NAL COMMENTED VERSION
STANDARD
N
.c&‘ibo
bgq/(ﬁ) inside
&

Con

ductors of insulated cables



https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2023 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.

IEC Secretariat Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

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

About [EC publications
The teghnical content of IEC publications is kept under constant review by the IEC. Please make sure’that you hpve the
latest eflition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform IEC Products & Services Portal “products.iec.ch
The adyanced search enables to find IEC publications by a Discover our powerful search, engine and read freely all the
variety | of criteria (reference number, text, technical publications previews. With)a subscription you will| always
committee, ...). It also gives information on projects, replaced have access to up to date*eontent tailored to your neegls.

and withdrawn publications.

. i i i Electropedia - www.electropedia.org
IEC Just Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechnology,
Stay up to date on all new IEC publications. Just Published  ¢ontaining mofe)than 22 300 terminological entries in|English
details pll new publigations released. Available online and and Frenchywith equivalent terms in 19 additional lanjjuages.
once a month by email. Also kdewh as the International Electrotechnical Vogabulary

(IEV)'enline.
IEC Cusgtomer Service Centre - webstore.iec.ch/csc

If you Wish to give us your feedback on this publication or
need fufther assistance, please contact the Customer Service
Centre: [sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

IEC 60228

Edition 4.0 2023-12
COMMENTED VERSION

INTERNATIONAL
STANDARD

“ colour
inside

Con(ductors of insulated cables

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.060.20 ISBN 978-2-8322-8003-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

-2- IEC 60228:2023 CMV © IEC 2023

CONTENTS

FOREWORD ...ttt e ettt 4
LN 0 75 1 L@ 1 ] PSP 7
1 ST o7 ] o 1T PPN 8
2 NOIrmMaAtiVe FE EIENCES . o e 8
3 Terms and definitioNS . ... s 8
4 ClasSITICAtION ..ot s 9
LS 1V = 1 = o = =N 9
5.1 tatroduetion General .. ..o N 9
5.9 Circular and shaped solid aluminium conductors............cccooeieii S0 9
5.3 Circular and shaped stranded aluminium conductors ...............c.cococo e, ....10
6  Jolid conductors and stranded condUCtOrS .........oooieiii i e ....10
6.1 Solid conductors (Class 1) .....cocveviiiiiiiiiiiiiie e M ....10
g.1.1 CONSEIUCTION . e e ....10
g.1.2 ReSIStANCEe ..o R ....10
6.2 Stranded circular non-compacted conductors (class 2) .. ovieiiiiiiiiiiiiiiennee, ....10
6.2.1 ConStruCtioN.. ... NS ....10
g.2.2 ReESIStANCE ..o |

6.3 Stranded compacted circular conductors and-stranded shaped conductors
(ClasSS 2) v DN R
g.3.1 CONSETUCTION . e e |
g.3.2 ReESISIANCE ..o N e |
6.4 Milliken conductors (Class 2) .......s e U I
g.4.1 CoNStrUCTION ... |
q.4.2 RESISTANCE . i A |
7  Hlexible conductors (classes 55and 6) .........c.ooiiniiiiiiiiiiii 11
7.1 CONSETUCHION .. e, 11
7.3 RESISTANCE .. .12
8  (heck of compliancewwith Clause 6 and Clause 7..........ccccoiiiiiiiiii e .12
Annex A (normative) Measurement of resistance.............coooviiii A7
Annex B (informative)” Exact formulae for the temperature correction factors.................. ...19
Annex C (informative) Guidance on the dimensional limits of circular conductors ........... ....20
C. JO oy o e U1y o To 11 PR ....20
2 Dimensional limits for circular copper conductors............ccoooeviiiiiiiiiiiciiieeene, ....20

C.1 Dimensional limits for stranded compacted circular copper, aluminium and
aluminium alloy CONAUCIONS ... . e 20
C4 Dimensional limits for circular solid aluminium conductors ..................ccoooiiin.l. 20
=TT o] ToTe ] =T o 0 VP 24
LISt Of COMM NS . e e e 25
Table 1 — Tensile strength limits for circular and shaped solid aluminium conductors.............. 9

Table 2 — Tensile strength limits for circular and shaped stranded aluminium

o0 T U o o 0 10
Table 3 — Class 1 solid conductors for single-core and multi-core cables ......................oocn.l. 13
Table 4 — Class 2 stranded conductors for single-core and multi-core cables ....................... 14

Table 5 — Class 5 flexible copper conductors for single-core and multi-core cables .............. 15


https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

IEC 60228:2023 CMV © IEC 2023 -3-

Table 6 — Class 6 flexible copper conductors for single-core and multi-core cables .............. 16
Table A.1 — Temperature correction factors 4; for conductor resistance to correct the
measured resistance at 1 "C 10 20 TC ... i 18
Table C.1 — Maximum diameters of solid, non-compacted stranded and flexible circular
(oTo] o] oJ=T gl oo ] gL [N Yo o] &= P 21
Table C.2 — Minimum and maximum diameters of stranded compacted circular copper,
aluminium and aluminium alloy CONAUCIOrS. ... e 22

Table C.3 — Minimum and maximum diameters of solid circular aluminium conductors.......... 23



https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

-4 - IEC 60228:2023 CMV © |IEC 2023

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONDUCTORS OF INSULATED CABLES

FOREWORD

1) 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
nd and
eports,
Puljlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatien(s)”)] Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deplt with
may participate in this preparatory work. International, governmental and non-governmental organizations fiaising
with) the IEC also participate in this preparation. IEC collaborates closely with the International~Organization for
Stapdardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interrjational
conlsensus of opinion on the relevant subjects since each technical committee_has”representation ffom all
intgrested IEC National Committees.

3) IEQ 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 ensurejthat the technical content|of IEC
Pulblications is accurate, IEC cannot be held responsible for the way/in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trarjsparently to the maximum extent possible in their national and.regional publications. Any divergence between
anyl IEC Publication and the corresponding national or regionakpublication shall be clearly indicated in th¢ latter.

5) IE(Q itself does not provide any attestation of conformityslndependent certification bodies provide conformity
asspssment services and, in some areas, access to |IEC ‘marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies,

6) All psers should ensure that they have the latest edition of this publication.

7) No [liability shall attach to IEC or its directors,€mployees, servants or agents including individual expefts and
memmnbers of its technical committees and IEC \National Committees for any personal injury, property danjage or
other damage of any nature whatsoever, ‘whether direct or indirect, or for costs (including legal feqs) and
expenses arising out of the publicatien,)use of, or reliance upon, this IEC Publication or any other IEC
Puljlications.

8) Attgntion is drawn to the Normative~references cited in this publication. Use of the referenced publicafions is
indispensable for the correct appli¢ation of this publication.

9) IEQ draws attention to thet\possibility that the implementation of this document may involve the usg of (a)
patent(s). IEC takes no pasition concerning the evidence, validity or applicability of any claimed patent r|ghts in
respect thereof. As of the_ date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to_implement this document. However, implementers are cautioned that this may not represent
the|latest information,*which may be obtained from the patent database available at https://patents.iec.¢h. IEC
shd|ll not be held xesponsible for identifying any or all such patent rights.

This gommented version (CMV) of the official standard IEC 60228:2023 edition 4.0 allows
the userto identify the changes made to the previous IEC 60228:2004 edition 3.0.
Furthermore, comments from IEC TC 20 experts are provided to explain the reasgns of
the mostrelevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.


https://patents.iec.ch/
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IEC 60228 has been prepared by IEC technical committee 20: Electric cables. It is an
International Standard.

This fourth edition cancels and replaces the third edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) a description of Milliken conductors has been added;

adcount the value presented in previous editions and no longer tabulated; then the o
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sign can be maintained and still utilized.
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AWG kemil
Nominal Nominal Nominal Nominal
Conductor ©ross- Conductor ©ross- Conductor ©ross- Conductor cross-
size cectienal size cectienal size sectienal size cestional
area area area area
mm? mm? mm? mm?
- - - - 250 127 750 zod
- - - - 300 152 800 405
20 0,519 4 242 350 177 900 456
18 0,823 3 26,7 400 203 1000 507
186 134 2 336 450 228 1200 608
14 2,08 4 424 500 253 1250 633
12 334 10 835 550 279 1500 760
10 5,26 2/0 874 600 304 1750 887
8 8,37 30 85.0 650 329 2000 1040
6 133 4/0 107 700 355 - -

IMPORTANT — The "colour inside™ logo on the cover page of this document indiqates
that|it contains colours which:are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer



As IEC TC 20 do not prescribe cables with AWG/kcmil conductors it has been decided to remove the below table and the paragraph.
See IEC TR 62602 to find AWG/kcmil information.

https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2
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INTRODUCTION

This document is intended as a fundamental reference standard for IEC technical committees
and National Committees in drafting standards for electric cables, and to the National
Committees in drafting specifications for use in their own countries. These committees-should
select from the tables of this general standard the conductors appropriate to the particular

applications-with-which-they-are-concerned relevant to them and either include the applicable

details in their cable specifications or make appropriate references to this document.
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CONDUCTORS OF INSULATED CABLES

1 Scope

This document specifies the nominal cross-sectional areas, in the range 0,5 mm?2 to-2-500 3
500 mm2, for conductors in electric power cables and cords of a wide range of types.
Requirements for numbers and sizes of wires and resistance values are also included. These
condyeters—inclrde—seolid—stranded—sre—tiker—ecopper—aluminiom—and—atominter alloy

condyctors in cables for fixed installations and flexible copper conductors.

This document does not apply to conductors for telecommunication purposes.

The applicability of this document to a particular type of cable is as specified in the standard
for th¢ type of cable.

Unlesp specified otherwise in a particular clause, this document felates to the conducfors in
the finished cable and not to the conductor as made or supplied for inclusion into a cablg.

Condlictors described in this document are specified in mefrig sizes.

Informpative annexes provide supplementary information covering temperature corrgction
factorg for resistance measurement (Annex B) and\guidance on dimensional limits of circular
condyctors (Annex C).

2 Nlormative references

The fgllowing documents are referred-to in the text in such a way that some or all of their cpntent
constjtutes requirements of this docsment. For dated references, only the edition cited applies.
For yndated references, the. (atest edition of the referenced document (including any
amenfiments) applies.

IECERE OD-5014, Instrusyent Accuracy Limits

3 Terms and-definitions

For the purposes of this document, the following terms and definitions apply.

ISO and1EC maintain terminology databases for use in standardization at the folllowing

addresses:

e |EC Electropedia: available at https://www.electropedia.org/
e |SO Online browsing platform: available at https://www.iso.org/obp
3.1

metal-coated
coated with a thin layer of suitable metal, such as tin or tin alloy

3.2
nominal cross-sectional area
value that identifies a particular size of conductor but is not subject to direct measurement

Note 1 to entry: Each particular size of conductor in this document is required to meet a maximum resistance value.


https://www.electropedia.org/
https://www.iso.org/obp
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3.3

Milliken conductor

stranded conductor comprising an assembly of shaped conductors, lightly insulated from each
other [2

4 Classification

The conductors have been divided into four classes, 1, 2, 5 and 6. Those in classes 1 and 2
are intended for use in cables for fixed installations. Classes 5 and 6 are intended for use in
flexible cables and cords but-may can also be used for fixed installations.

e class 1: solid conductors;
e class 2: stranded conductors;
e class 5: flexible conductors;

e class 6: flexible conductors-which-are-more-flexible made with smaller diameter wire$ than
class 5 for the same nominal conductor cross-section.

5 Materials

5.1 Introduction General

The wires of conductors shall consist of one of the following (except for the Milliken dentral
elemgnt):

. pIIin or metal-coated annealed copper;

e aliminium or aluminium alloy. '3 4

The Wires of stranded conductors (for gexample Milliken conductors) can be oxidized or
enamglled.

5.2 |Circular and shaped solid aluminium conductors

Circular and shaped solid alumifnium conductors shall be made from aluminium such thiat the
tensilg¢ strength of the completed conductor is within the limits given in Table 1.

Table 1 — Tensile strength limits for circular
and shaped solid aluminium conductors

Nominal cross-sectional area Tensile strength
mm? N/mm?
10 and 16 110 to 165
25 and 35 B0 10 T30
50 60 to 110
70 and above 60 to 90

There are no limits defined for the tensile strength of aluminium alloy solid conductors.



Segmented conductors without lightly insulation between them used for DC applications are not considered Milliken.

Copper coated aluminium is not considered because of possible safety risks, including possible corrosion of the metals which make them unsuitable for household use.

Conductors can be made of aluminium or copper, and only these materials are considered in order to evaluate the resistance. Additional materials, i.e. lacquers, paint, tapes and powders are allowed as part of the conductor design to improve characteristics but they are not covered by this standard.

https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2
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5.3 Circular and shaped stranded aluminium conductors

Stranded aluminium conductors shall be made from aluminium such that the tensile strength of
the individual wires is within the limits given in Table 2:

Table 2 — Tensile strength limits for circular
and shaped stranded aluminium conductors

Nominal cross-sectional area Tensile strength
mm? N/mm?
10 up to 200
16 and above 125 to 205

NOTE

Therel are no limits defined for the tensile strength of aluminium alloy strahded conductofs.

NOTE$This data can only be checked on wires taken before stranding and not on wires|taken
from & stranded conductor.

6 Splid conductors and stranded conductors

6.1 |[Solid conductors (class 1)

6.1.1 Construction

a) Sqlid conductors-{etass—} or conductor wifes shall consist of one of the materials spgcified
in[Clause 5.

b) Sqlid copper conductors shall be of circular cross-section.

NOQTE Solid copper conductors having.nominal cross-sectional areas of 25 mm? and above are for pgrticular
tyges of cable, e.g. mineral insulated,-and not for general purposes.

c) Sqlid aluminium and solid aluminium alloy conductors of sizes 10 mmZ2 to 35 mm2 sHall be
of| circular cross-section, Larger sizes shall be of circular cross-section for singlg¢-core
caples and may be of.either circular or shaped cross-section for multi-core cables.

6.1.2 Resistance

The rg¢sistanceof-each conductor at 20 °C, when determined in accordance with Clause 8} shall
not exceed the-appropriate maximum value given in Table 3.

NoTFELRarsolid aluminium alloy conductors, having the same nominal cross-sectional afea as
an alummmiomTconductor, the Tesistance vatue givern im 1 apie 3 shoutdbe muttiptied by a factor
of 1,162 unless otherwise agreed between the manufacturer and the purchaser.

6.2 Stranded circular non-compacted conductors (class 2)

6.2.1 Construction

a) Stranded circular non-compacted conductors (class 2) shall consist of one of the materials
specified in Clause 5.

b) Stranded aluminium or aluminium alloy conductors shall have a cross-sectional area not
less than 10 mm?2.

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

d) The number of wires in each conductor shall be not less than the appropriate minimum
number given in Table 4.


https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2
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6.2.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 8, shall
not exceed the appropriate maximum value given in Table 4.

6.3 Stranded compacted circular conductors and stranded shaped conductors
(class 2)

6.3.1 Construction

a) Stranded compacted circular conductors and stranded shaped conductors (class 2) shall
consist of one of the materials specified in Clause 5. Stranded compacted circular aluminium
oratummimurmmattoyconductors—shat—tave—amomimat—cross=sectiomatarea ot tesy than

10 mm2. Stranded compacted circular copper conductors shall have aAgdminal

crpss-sectional area not less than 1,5 mm2. Stranded shaped copper, atuminiym or

aliminium alloy conductors shall have a nominal cross-sectional area ofynot lesy than

25 mm?2.

b) THe ratio of the diameters of two different wires in the same conductor- shall not exceed 2,
eXcept for conductors made with pre-shaped wires.

c) THe number of wires in each conductor shall be not less than(the€ appropriate mijimum
nymber given in Table 4, except for conductors made with) pre-shaped wires| This
reguirement applies to conductors made with wires of/,eircular cross-section bhefore
cgmpaction.

NOTE 1 Thisreguirementapplies-to-conductorsmade-with-wires-of ciferlarcross-section-before-compa
NO+E HHSFeguHemetappHesSto-coRauctorsaae-WhHh-WHe S0+ cHGHHar-6roSS-5ecHoRDet+tore—con

6.3.2 Resistance

The rg¢sistance of each conductor at 20 °C, when determined in accordance with Clause 8} shall
not exceed the appropriate maximum value\given in Table 4.

6.4 |Milliken conductors (class 2)

6.4.1 Construction

a) Milliken conductors (class 2) shall consist of any of the materials specified in Clayse 5.
M{liken conductors shall.have a nominal cross-sectional area not less than 800 mm#, and
the minimum numbgefiof wires for each cross section is not specified. |5

b) THe ratio of the diameters of two different wires of any segment shall not exceed 2 (Mjlliken
central elemeafiexcluded).

c) THe Milliken‘central element can be empty, with a solid conductor, wires or with a plastic
filller.

d) THis/conductor may be constructed from 4, 5, or 6 equal segments. The number of wires in
edch.’seagment is defined by the manufacturer. In the case of a central element formel with
wires, it can be considered as an additional segment with a polygonal shape.

6.4.2 Resistance

The resistance of the whole conductor at 20 °C, for all different constructions described in 6.4.1,
when determined in accordance with Clause 8, shall not exceed the appropriate maximum value
given in Table 4.

7 Flexible conductors (classes 5 and 6)

7.1 Construction
a) Flexible conductors (classes 5 and 6) shall consist of plain or metal-coated annealed copper.
b) The wires in each conductor shall have the same nominal diameter.



For cross-sections from 800 mm² to 1600 mm² the minimum number of wires indicated in Table 4 is not applicable to Milliken conductors.

https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2
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¢) The diameter of the wires in each conductor shall not exceed the appropriate maximum
value given in Table 5 for class 5 or Table 6 for class 6 conductors.

7.2 Resistance
The resistance of each conductor at 20 °C, when determined in accordance with Clause 8, shall

not exceed the appropriate maximum value given in Table 5 or Table 6.

8 Check of compliance with Clause 6 and Clause 7

Compliance with the requirements for construction of 6.1.1, 6.2.1, 6.3.1, 6.4.1 and 7.1 shall be
checkied on the completed cable by inspection and measurement where practicable.

Complliance with the requirements for resistance given in 6.1.2, 6.2.2, 6.3.2, 6.4.2,'and 7.2 shall
be checked by measurement in accordance with Annex A and corrected for temperature by the
factorp in Table A.1.
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Table 3 — Class 1 solid conductors for single-core and multi-core cables

1 2 3 4
Nominal cross- Maximum resistance of conductor at 20 °C
sectional area Circular, annealed copper conductors Aluminium and
aluminium alloy
Plain Metal-coated conductors, circular or
shaped®
mm?2 Q/km Q/km Q/km
0,5 36,0 36,7 -
1,0 18,1 18,2 -
1,5 12,1 12,2 -
2,5 7,41 7,56 -
4 4,61 4,70 -
6 3,08 3,1 -
10 1,83 1,84 3,082
16 1,15 1,16 1,912
25 0,727° - 1,202
35 0,524 y 0,8682
50 0,387° - 0,641
70 0,268P - 0,443
95 0,193 - 0,320¢
120 0,153 - 0,253¢
150 0,124 - 0,206
185 0,101 - 0,1644
240 0,077.5° - 0,1254
300 0,062 0P - 0,1009
400 0,046 5° - 0,077 8
500 - - 0,060 5
630 - - 0,046 9
800 - - 0,036 7
1000 - - 0,029 1
1200 - - 0,024 7
%400 - - 0,021 2
1600 - - 00186

a  Aluminium conductors 10 mm? to 35 mm? circular only; see 6.1.1 c).
b Seenotein 6.1.1 b).
¢ Seenotein 6.1.2.

4 For single-core cables, four sectoral shaped conductors may be assembled into a single circular conductor.
The maximum resistance of the assembled conductor shall be 25 % of that of the individual component
conductors.



https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2
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Table 4 — Class 2 stranded conductors for single-core and multi-core cables 6

1 2 | 3 | 4 | 5 | 6 | 7 8 9 10
Nominal Minimum number of wires in the conductor Maximum resistance of conductor at 20 °C
s:é;}}jv.-m Circular C(?r:‘:;:(l:;d Shaped Annealed copper conductor aﬁlrl:,?:‘iizi;";us;y

Cu Al Cu Al Cu Al | Plain wires | Metal-coated conductor
wires
mm?2 Q/km Q/km Q/km
0,5 7 - - - - - 36,0 36,7 -
0,75 Z - - - . - 24 5 248 -
1,4 7 - - - - - 18,1 18,2 S
1,4 7 - 6 - - - 12,1 12,2 -
2,5 7 - 6 - - - 7,41 7,56 -

4 7 - 6 - - - 4,61 4,70 -

6 7 - 6 - - - 3,08 3,11 -

10 7 7 6 6 - - 1,83 1,84 3,08

19 7 7 6 6 - - 1,15 1,16 1,91

25 7 7 6 6 6 6 0,727 0,734 1,20

35 7 7 6 6 6 6 0,524 0,529 0,868

50 19 19 6 6 6 6 0,387 0,391 0,641

70 19 19 12 12 12 12 0,268 0,270 0,443

95 19 19 15 15 15 15 0,193 0,195 0,320

12 37 37 18 15 18 15 0,153 0,154 0,253

15 37 37 18 15 18 15 0,124 0,126 0,206

18 37 37 30 30 30 30 0,099 1 0,100 0,164

24 37 37 34 30 34 30 0,075 4 0,076 2 0,125
30 61 61 34 30 34 30 0,060 1 0,060 7 0,100
40 61 61 53 53 53 53 0,047 0 0,047 5 0,077 §
50 61 61 53 53 53 53 0,036 6 0,036 9 0,060 §
63 91 91 53 53 53 53 0,028 3 0,028 6 0,046 9
80 91 91 53 53 - - 0,022 1 0,022 4 0,036 7
1000 91 91 53 53 - - 0,017 6 0,017 7 0,029 1
e b s Lobeed b
1 2qo ot | o1 | s3 | 53 | - | - 0,015 1 0,015 1 0,024 7
1-40p = b 0,0129 0,0129 0,0212
1 4002 91 91 53 53 - - 0,012 9 0,012 9 0,021 2
1600 b 0,043 0,0413 0,0186
1 600 91 ‘ 91 ‘ 53 ‘ 53 ‘ - ‘ - 0,011 3 0,011 3 0,018 6
1 8002 -b 0,010 1 0,010 1 0,016 5
2 000 -b 0,009 0 0,009 0 0,014 9
2 500 -b 0,007 2 0,007 2 0,04270,011 9
30002 - 0,006 0 0,006 0 0,009 9
3 200 - 0,005 6 0,005 6 0,009 3
35002 - 0,005 1 0,005 1 0,008 5



Milliken conductors from 800 mm² take the same DC resistance value than circular conductors.
Circular conductors are considered up to 1600 mm². 
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1. [ 2 | 3 | a | 5 | e | 7| 8 9 10

a8 These sizes are non-preferred. Other non-preferred sizes are recognized for some specialized applications but
are not within the scope of this document. |7

b

For stranded aluminium alloy conductors having the same nominal cross-sectional area as an aluminium
conductor the resistance value should be agreed between the manufacturer and the purchaser.

Table 5 — Class 5 flexible copper conductors for single-core and multi-core cables

1 2 3 ‘ 4
Nominal cross- Maximum diameter of Maximum resistance of conductor at.20 °C
gectional area wires in conductor Plain wires Metalcchtbd wiles

mm?2 mm Q/km Q/km
0,5 0,21 39,0 40,1
0,75 0,21 26,0 26,7
1,0 0,21 19,5 20,0
1,5 0,26 13,3 13,7
2,5 0,26 7,98 8,21

4 0,31 4,95 5,09

6 0,31 3,30 3,39

10 0,41 1,91 1,95

16 0,41 1,21 1,24

25 0,41 0,780 0,795

35 0,41 0,554 0,565

50 0,41 0,386 0,393

70 0,54 0,272 0,277

95 0,51 0,206 0,210

120 0,51 0,161 0,164
150 0,51 0,129 0,132
185 0,51 0,106 0,108
240 0,51 0,080 1 0,081 7
300 0,51 0,064 1 0,065 4
400 0,51 0,048 6 0,049 5
500 0,61 0,038 4 0,039 1
630 66 6;0287 670292



Preferred sizes follow the Renard series of preferred numbers.
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Table 6 — Class 6 flexible copper conductors for single-core and multi-core cables

1 2 3 4
Nominal cross- Maximum diameter of Maximum resistance of conductor at 20 °C
sectional area wires in conductor Plain wires Metal-coated wires

mm?2 mm Q/km Q/km
0,5 0,16 39,0 40,1
0,75 0,16 26,0 26,7
1,0 0,16 19,5 20,0
15 016 13 3 13 7
2,5 0,16 7,98 8,21

4 0,16 4,95 5,09

6 0,21 3,30 3,39

10 0,21 1,91 1,95

16 0,21 1,21 1,24

25 0,21 0,780 0,795

35 0,21 0,554 0,565

50 0,31 0,386 0,393

70 0,31 0,272 0,277

95 0,31 0,206 0,210

120 0,31 0,161 0,164
150 0,31 0,129 0,132
185 0,41 0,106 0,108
240 0,41 0,080 1 0,081 7
300 0,41 0,064 1 0,065 4
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Annex A
(normative)

Measurement of

resistance

The cable shall be kept in the test area for a sufficient time to ensure that the conductor
temperature has reached a level which permits an accurate determination of resistance using
the correction factors provided.

Measure the DC resistance of the conductor(s), either on a complete length of cable or flexible

cord Tmmmmﬂﬂwbwwm
record the temperature at which the measurement is made. Adjust the measured resistarn

meang of the correction factors given in Table A.1.
Calcujate the resistance per kilometre length of cable from the length of the complete cab
not frgm the length of the individual core or wires.
If nedessary, correction to 20 °C and 1 km length shall be made by| applying the foll
formuja:

1

R20 = Rl th X 000

where
ky is the temperature correction factor from Table A.1;
R,y |is the conductor resistance at 20 °C, in\Q/km;
R; [is the measured conductor resistance, in Q;
L is the length of the cable, in m!
The pxpanded measuremenkswhcertainty (k=2) for R,; shall be in

IECEE

F OD-5014.

accordance

e and
ce by

e and

pwing

with
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Table A.1 — Temperature correction factors 4; for conductor resistance
to correct the measured resistance at r °C to 20 °C

1 2 1 2
Temperature of Correction factor /; Temperature of Correction factor A
conductor at time of conductor at time of
measurement All conductors measurement All conductors
t°C t°C
0 1,087 21 0,996
1 1,082 22 0,992
2 1,078 23 0,988
3 1,073 24 0,984
4 1,068 25 0,980
5 1,064 26 0,977
6 1,059 27 0,973
7 1,055 28 0,969
8 1,050 29 0,965
9 1,046 30 0,962
10 1,042 31 0,958
11 1,037 32 0,954
12 1,033 33 0,951
13 1,029 34 0,947
14 1,025 35 0,943
15 1,020 36 0,940
16 1,016 37 0,936
17 1,012 38 0,933
18 1,008 39 0,929
19 1,004 40 0,926
20 1,000
NOTH The values of correction'factors A; are based on a resistance-temperature coefficient of 0,004 per Kelvin
at 20 C.
The vplues of temperature correction factors specified in column 2 are approximate but give practical values well
within the accuraéy“that can normally be achieved in measurements of conductor temperature and length of|cable
or flexible cords.
For mlore, accurate values for the temperature correction factors for copper and aluminium, reference sholld be
made|tonAnnex B. However, these should not be treated as a requirement for testing in compliance with this
docurhent’in the assessment of resistances
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Annex B
(informative)

Exact formulae for the temperature correction factors

a) Annealed copper conductors: plain or metal-coated

254,5 1
kt,Cu = =
2345+  1+0,00393(1—20)
b) Al.llll;ll;ulll bUlldubtUlD
248 1
ke A

NOTE

In all
in deg

T 228+: 1+0,00403(;—20)

LFor aluminium alloys, reference should be made to the manufacturer.

he above cases, ¢ refers to the temperature of the condugtor’at the time of measur
rees Celsius.

ement
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Annex C
(informative)

Guidance on the dimensional limits of circular conductors

Objeet Purpose

This Annex C is intended as a guide for manufacturers of cables and cable connectors to assist
in ensurlng that the conductors and connectors are dlmenS|onaIIy compatlble It glves guidance

c) flexible conductors, (classes 5 and 6) of copper.

The d

If min

can He made to the minimum diameters for solid cir¢ular aluminium or aluminium
condyctors indicated in Table C.3.

C.3

The

condyctors should not exceed the maximum values and should be not less than the mir]

value

In thg exceptional case of'\uncompacted circular stranded aluminium or aluminium
condyctors, the maximum, diameters should not exceed the corresponding values for ¢
condyctors given in coljumn 3 of Table C.1.

C.4

The diameters of circular solid aluminium and aluminium alloy conductors should not e
Bximum values and should be not less than the minimum values given in Table C.3]

the m

minium alloy;

Dimensional limits for circular copper conductors

lameters of circular copper conductors should not exceed, the values given in Tablg

Dimensional limits for stranded compacted circular copper, aluminiun
and aluminium alloy conductors

liameters of stranded compacted” circular copper, aluminium and aluminium

5 given in Table C.2.

Dimensional limits for circular solid aluminium conductors

C.1.

imum diameters for class 1 circular copper conductars are-needed required, refgrence

alloy

alloy
imum

alloy
opper

xceed
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Table C.1 — Maximum diameters of solid, non-compacted

stranded and flexible circular copper conductors

1 2 3 4
Nominal Conductors in cables for fixed installations
cross-sectional area Solid Stranded Flexible conductors
(Class 1) (Class 2) (Classes 5 and 6)
mm? mm mm mm
0,5 0,9 1,1 1,1
0,75 1,0 1,2 1,3
1,0 1,2 1.4 1.5
1,5 1,5 1,7 18
2,5 1,9 2,2 2,4
4 2,4 2,7 3,0
6 2,9 3,3 3,9
10 3,7 4,2 5,1
16 4,6 53 6,3
252 57 6,6 7,8
352 6,7 7,9 9,2
502 7,8 9,1 11,0
702 9,4 11,0 13,1
952 11,0 12,9 15,1
1202 12,4 14,5 17,0
1502 13,8 16,2 19,0
185 15,4 18,0 21,0
240 17,6 20,6 24,0
300 19,8 23,1 27,0
400 22,2 26,1 31,0
500 - 29,2 35,0
630 - 33,2 39,0
800 - 37,6 -
1000 - 42,2 -
NOTH The yalues given for flexible conductors are intended to allow for both class 5 and class 6 conductgrs.
8 Sg¢e B, I b).
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Table C.2 — Minimum and maximum diameters of stranded compacted
circular copper, aluminium and aluminium alloy conductors

1 2 3
Nominal cross-sectional Stranded compacted circular conductors (Class 2)
area
Minimum diameter Maximum diameter
mm?2 mm mm
10 3,6 4,0
16 4,6 5,2
25 5,6 6.5
35 6,6 7.5
50 7.7 8,6
70 9,3 10,2
95 11,0 12,0
120 12,3 13,5
150 13,7 15,0
185 15,3 16,8
240 17,6 19,2
300 19,7 21,6
400 22,3 24,6
500 25,3 27,6
630 28,7 32,5
NOTE 1 The dimensional limits of aluminium conductors with cross-sectional areas
above 630 mm? are not given asithe compaction technology is not generally
established.
NOTE 2 No values are givén for compacted copper conductors in the size range
1,5 mm? to 6 mmZ.
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Table C.3 — Minimum and maximum diameters of solid circular aluminium conductors

1 2 3
Nominal cross- Solid conductors (Class 1)
sectional area Minimum diameter Maximum diameter

mm? mm mm

10 3,4 3,7

16 4,1 4,6

25 5,2 5,7

35 6,1 6,7

50 7,2 7.8

70 8,7 9.4

95 10,3 11,0

120 11,6 12,4
150 12,9 1338
185 14,5 15,4
240 16,7 17,6
300 18,8 19,8
400 21,2 22,2

500 24,0 25,1

630 27,3 28,4

800 30,9 32,1

1000 34,8 36,0
1200 37,8 39,0
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List of comments

1 As IEC TC 20 do not prescribe cables with AWG/kcmil conductors it has been decided to
remove the below table and the paragraph.

See IEC TR 62602 to find AWG/kcmil information.

2 Segmented conductors without lightly insultation between them used for DC applications
are not considered Milliken.

3 Copper coated aluminium is not considered because of possible safety risks, including

p'\ecihln corrosion of the metals which make them unsuitable for household use

4  Qonductors can be made of aluminium or copper, and only these materials are cansidered
in order to evaluate the resistance. Additional materials, i.e. lacquers, paint, tapes and

ppwders are allowed as part of the conductor design to improve characteristics buf they
afe not covered by this standard.

5  Fr cross-sections from 800 mm? to 1600 mm? the minimum number{of wires indicdted in
Thble 4 is not applicable to Milliken conductors.

6 Milliken conductors from 800 mm? take the same DC resistance value than circular
cpnductors.
Qircular conductors are considered up to 1600 mm?2.

7 Pfreferred sizes follow the Renard series of preferfed numbers.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONDUCTORS OF INSULATED CABLES

FOREWORD

2023

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical commlttees (IEC Natlonal Commlttees) The object of IEC is to promote mternatlonal

co

intdrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and)are accepted by IEC N

Co

Pulllications is accurate, IEC cannot be held responsible for the way/in” which they are used or
misjnterpretation by any end user.

In

trarjsparently to the maximum extent possible in their national and.regional publications. Any divergence b
any| IEC Publication and the corresponding national or regionahpublication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conformitysindependent certification bodies provide con

ass
ser

Al

No
me
oth

expenses arising out of the publication,)use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attention is drawn to the Normative-references cited in this publication. Use of the referenced publica
indispensable for the correct appli¢ation of this publication.

IEQ draws attention to thetpossibility that the implementation of this document may involve the ussg

pat
res
ma
the

shall not be held xesponsible for identifying any or all such patent rights.

IEC 6
Intern

formal decisions or agreements of IEC on technical matters express, as nearly as)possible, an intern
sensus of opinion on the relevant subjects since each technical committee_has”representation f

hmittees in that sense. While all reasonable efforts are made to ensurejthat the technical content

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

essment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

liability shall attach to IEC or its directors,-€mployees, servants or agents including individual expe|
nbers of its technical committees and IEC\National Committees for any personal injury, property dan
br damage of any nature whatsoever, “whether direct or indirect, or for costs (including legal feqg

bnt(s). IEC takes no pasition concerning the evidence, validity or applicability of any claimed patent r|
bect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s

be required to implement this document. However, implementers are cautioned that this may not re
latest information,* which may be obtained from the patent database available at https://patents.iec.

D228 <has been prepared by IEC technical committee 20: Electric cables. It

ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

of (a)
ghts in
, which
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h. IEC

is an

rtional Standard.

This fourth edition cancels and replaces the third edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) a description of Milliken conductors has been added;

b) nominal cross-sectional areas above 2 500 mm?2 have been added;


https://patents.iec.ch/
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c) the old 2500 mm?2 aluminium resistance value has been corrected and a new value

int

roduced.

For legacy systems where the 2 500 mm2 aluminium conductor was designed taking into
account the value presented in previous editions and no longer tabulated, then the original

de

sign can be maintained and still utilized.

The suppliers can furthermore utilize such superseded design of 2 500 mm?2 aluminium
conductors either in systems already designed and qualified but not delivered or for example

to

produce repair and additional spare lengths for delivered systems.

The choice of utilizing the original superseded design of 2 500 mmZ2 aluminium conductors
or a new one based on the new resistance tabulated value is a matter of agreement between

th@ supplier and final users.

The tgxt of this International Standard is based on the following documents:

Full in
the al

The 14

This ¢
accor
at ww
descr

The c

stabiliilty date indicated on the IEC web§ite under webstore.iec.ch in the data related

speci
o re
o Wi

e e

Draft Report on voting

20/2125/FDIS 20/2131/RVD

ove table.

nguage used for the development of this International‘Standard is English.

Hance with ISO/IEC Directives, Part 1 and ISQ/IEC Directives, IEC Supplement, avs
w.iec.ch/members_experts/refdocs. The main document types developed by IE
bed in greater detail at www.iec.ch/publications.

bmmittee has decided that the contents of this document will remain unchanged un
ic document. At this date, the document will be

confirmed,
thdrawn, or

Vised.

formation on the voting for its approval can be found in the repaort on voting indicdted in

ocument was drafted in accordance with ISO/IEC)Directives, Part 2, and developed in

ilable
C are

til the
o the
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INTRODUCTION

This document is intended as a fundamental reference standard for IEC technical committees
and National Committees in drafting standards for electric cables, and to the National
Committees in drafting specifications for use in their own countries. These committees select
from the tables of this general standard the conductors appropriate to the particular applications
relevant to them and either include the applicable details in their cable specifications or make
appropriate references to this document.
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CONDUCTORS OF INSULATED CABLES

cope

This document specifies the nominal cross-sectional areas, in the range 0,5 mm2 to 3 500 mm2,
for conductors in electric power cables and cords of a wide range of types. Requirements for
numbers and sizes of eres and resistance values are also mcluded These conductors include

solid,
fixed

This document does not apply to conductors for telecommunication purposes.

The a
for th

Unles

Conduictors described in this document are specified in metric sizes.

Informative annexes provide supplementary information covering temperature corr
factorp
condyctors (Annex C).

2 N

The fqllowing documents are referred-toin the text in such a way that some or all of their c
constitutes requirements of this document. For dated references, only the edition cited af
For yndated references, the. (atest edition of the referenced document (including

amen

IECEE OD-5014, Instrument Accuracy Limits

3 T

For the purposes of this document, the following terms and definitions apply.

ISO a
addre

o |E
e |S

3.1
metal

nstallahons and erX|bIe copper conductors

plicability of this document to a particular type of cable is as specified in the sta
type of cable.

for resistance measurement (Annex B) and\guidance on dimensional limits of ci

lormative references

iments) applies.

prms and.definitions

bles for

ndard

5 specified otherwise in a particular clause, this document relates to the conductors in
the finished cable and not to the conductor as made or supplied for inclusion into a cablg.

bction
rcular

bntent
plies.
any

{EC maintai , I [ , lizati foll

SSses:

C Electropedia: available at https://www.electropedia.org/

O Online browsing platform: available at https://www.iso.org/obp

-coated

coated with a thin layer of suitable metal, such as tin or tin alloy

3.2

nominal cross-sectional area
value that identifies a particular size of conductor but is not subject to direct measurement

Note 1

pwing

to entry: Each particular size of conductor in this document is required to meet a maximum resistance value.
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https://www.iso.org/obp
https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

3.3

-8 - IEC 60228:2023 © IEC 2023

Milliken conductor
stranded conductor comprising an assembly of shaped conductors, lightly insulated from each

other

4 Classification

The conductors have been divided into four classes, 1, 2, 5 and 6. Those in classes 1 and 2
are intended for use in cables for fixed installations. Classes 5 and 6 are intended for use in

flexib

e ¢l
e ¢l
e ¢l

e cl

le cables and cords but can also be used for fixed installations.

ss 1: solid conductors;
ss 2: stranded conductors;
ss 5: flexible conductors;

ss 6: flexible conductors made with smaller diameter wires than class)' 5 for the

ngminal conductor cross-section.

5 Materials

5.1

The W

General

elemgnt):

° pl
o al

enam

Iin or metal-coated annealed copper;

minium or aluminium alloy.

The Wires of stranded conductors (for example Milliken conductors) can be oxidiz
elled.
Circular and shaped solid aluminium conductors

5.2

Circu
tensil

lar and shaped solid aluminium conductors shall be made from aluminium such th
¢ strength of the completed conductor is within the limits given in Table 1.

Table 1 — Tensile strength limits for circular
and shaped solid aluminium conductors

ires of conductors shall consist of one of the following (except for the Milliken G

same

entral

ed or

pat the

Nominal cross-sectional area Tensile strength
mm? N/mm?
10 and 16 110 to 165
£90 dlld 590 oU 10 ToU
50 60 to 110
70 and above 60 to 90

There are no limits defined for the tensile strength of aluminium alloy solid conductors.
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5.3

Circular and shaped stranded aluminium conductors

Stranded aluminium conductors shall be made from aluminium such that the tensile strength of
the individual wires is within the limits given in Table 2:

Table 2 — Tensile strength limits for circular
and shaped stranded aluminium conductors

There

This d
strang

6 S
6.1
6.1.1
a) S¢
Cl
b) Sq
N(
tyf
c) Sq
of

6.1.2

The rgsistance of eachiconductor at 20 °C, when determined in accordance with Clause 8

not ex

For s
alumi
1,162

Nominal cross-sectional area Tensile strength
mm? N/mm?
10 up to 200
16 and above 125 to 205

are no limits defined for the tensile strength of aluminium alloy stranded conducto

ata can only be checked on wires taken before stranding and not-0n wires taken f
ed conductor.

olid conductors and stranded conductors

Solid conductors (class 1)

Construction

lid conductors or conductor wires shall consist of one of the materials specif
puse 5.

lid copper conductors shall be of circular cross-section.

es of cable, e.g. mineral insulated, andnot for general purposes.

lid aluminium and solid alumihium alloy conductors of sizes 10 mm?2 to 35 mmZ2 sH

Resistance

ceed the appropriate maximum value given in Table 3.

plid aluminium alloy conductors, having the same nominal cross-sectional area
nium conductor, the resistance value given in Table 3 should be multiplied by a fad
uh{ess otherwise agreed between the manufacturer and the purchaser.

rom a

ed in

TE Solid copper conductors having nomiinal cross-section areas of 25 mm? and above are for pdrticular

all be

circular cross-section. Larger sizes shall be of circular cross-section for singlg-core
caples and may be of either circular or shaped cross-section for multi-core cables.

shall

As an
tor of

6.2
6.2.1

Stranded circular non-compacted conductors (class 2)

Construction

a) Stranded circular non-compacted conductors (class 2) shall consist of one of the materials
specified in Clause 5.

b) Stranded aluminium or aluminium alloy conductors shall have a cross-sectional area not
less than 10 mm?2,

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

d) The number of wires in each conductor shall be not less than the appropriate minimum
number given in Table 4.
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6.2.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 8, shall
not exceed the appropriate maximum value given in Table 4.

6.3 Stranded compacted circular conductors and stranded shaped conductors
(class 2)

6.3.1 Construction

a) Stranded compacted circular conductors and stranded shaped conductors (class 2) shall
consist of one of the materials specified in Clause 5. Stranded compacted circular aluminium
or diulll;ll;ulll d“Uy bUIIduL’tUID Dild“ iIdVU d IIUIIIiIIdi blUbb'bUbt;Ulldi dalcda IIUt iUD\. than

10 mm2. Stranded compacted circular copper conductors shall have a<ngminal

crpss-sectional area not less than 1,5 mm2. Stranded shaped copper, atuminidm or

allminium alloy conductors shall have a nominal cross-sectional area ofynot lesq than

25 mm2,

b) THe ratio of the diameters of two different wires in the same conductor-shall not exce¢ed 2,
exlcept for conductors made with pre-shaped wires.

c) THe number of wires in each conductor shall be not less than(th€ appropriate mirjimum
nymber given in Table 4, except for conductors made with’ pre-shaped wires| This
refjuirement applies to conductors made with wires of/ eircular cross-section before
compaction.

6.3.2 Resistance

The rgsistance of each conductor at 20 °C, when determined in accordance with Clause 8| shall
not ejceed the appropriate maximum value given innTable 4.

6.4 |[Milliken conductors (class 2)

6.4.1 Construction

a) Milliken conductors (class 2) shall consist of any of the materials specified in Clapise 5.
Milliken conductors shall have a‘nominal cross-sectional area not less than 800 mm¥, and
thé minimum number of wires§ for each cross section is not specified.

b) THe ratio of the diameters-of two different wires of any segment shall not exceed 2 (Mjlliken
central element excluded).

c) THe Milliken central element can be empty, with a solid conductor, wires or with a plastic
filler.

d) THis conductorsmay be constructed from 4, 5, or 6 equal segments. The number of wires in
edch segment is defined by the manufacturer. In the case of a central element formefd with
wires, itscan be considered as an additional segment with a polygonal shape.

6.4.2 Resistance

The resistance of the whole conductor at 20 °C, for all different constructions described in 6.4.1,
when determined in accordance with Clause 8, shall not exceed the appropriate maximum value
given in Table 4.

7 Flexible conductors (classes 5 and 6)

7.1 Construction
a) Flexible conductors (classes 5 and 6) shall consist of plain or metal-coated annealed copper.
b) The wires in each conductor shall have the same nominal diameter.

c) The diameter of the wires in each conductor shall not exceed the appropriate maximum
value given in Table 5 for class 5 or Table 6 for class 6 conductors.
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7.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 8, shall
not exceed the appropriate maximum value given in Table 5 or Table 6.

8 Check of compliance with Clause 6 and Clause 7

Compliance with the requirements for construction of 6.1.1, 6.2.1, 6.3.1, 6.4.1 and 7.1 shall be
checked on the completed cable by inspection and measurement where practicable.

Complianree-with-thereguirermentsforresistance-giverin6—4-2-622-6-32-642-ahrd+=7 shall
be checked by measurement in accordance with Annex A and corrected for temperature by the

factorp in Table A.1.
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Table 3 — Class 1 solid conductors for single-core and multi-core cables

1 2 3 4
Nominal cross- Maximum resistance of conductor at 20 °C
sectional area Circular, annealed copper conductors Aluminium and
aluminium alloy
Plain Metal-coated conductors, circular or
shaped®
mm?2 Q/km Q/km Q/km
0,5 36,0 36,7 -
1,0 18,1 18,2 -
1,5 12,1 12,2 -
2,5 7,41 7,56 -
4 4,61 4,70 -
6 3,08 3,11 -
10 1,83 1,84 3,082
16 1,15 1,16 1,912
25 0,727° - 1,202
35 0,524° y 0,8682
50 0,387° - 0,641
70 0,268P - 0,443
95 0,193 - 0,320¢
120 0,153 - 0,253¢
150 0,124° - 0,206¢
185 0,101° - 0,164¢
240 0,077°5b - 0,125¢
300 0,062 0P - 0,100d
400 0,046 5° - 0,077 8
500 - - 0,060 5
630 - - 0,046 9
800 - - 0,036 7
1000 - - 0,029 1
1200 - - 0,024 7
1.400 - - 0,021 2
1 600 - - 00186

Aluminium conductors 10 mm? to 35 mm? circular only; see 6.1.1 c).
See note in 6.1.1 b).
See note in 6.1.2.

For single-core cables, four sectoral shaped conductors may be assembled into a single circular conductor.
The maximum resistance of the assembled conductor shall be 25 % of that of the individual component
conductors.
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Table 4 — Class 2 stranded conductors for single-core and multi-core cables

1 2 | 3 | 4 | 5 | & | 7 8 9 10
Nominal Minimum number of wires in the conductor Maximum resistance of conductor at 20 °C
s:égzaz-al Circular cfrir:;:::at‘;d Shaped Annealed copper conductor aﬁj‘;'i?]ii':ji:‘rgﬁory

Cu Al Cu Al Cu Al | Plain wires | Metal-coated conductor®
wires
mm?2 Q/km Q/km Q/km
0,5 7 - - - - - 36,0 36,7 -
0,75 i - - - - - 24 5 24 8 -
1, 7 - - - - - 18,1 18,2 :
1.4 7 - 6 - - - 12,1 12,2 -
2,5 7 - 6 - - - 7,41 7,56 -

4 7 - 6 - - - 4,61 4,70 -

6 7 - 6 - - - 3,08 3,11 -

10 7 7 6 6 - - 1,83 184 3,08

14 7 7 6 6 - - 1,15 1,16 1,91

25 7 7 6 6 6 6 0,727 0,734 1,20

35 7 7 6 6 6 6 0,524 0,529 0,868

50 19 19 6 6 6 6 0,387 0,391 0,641

70 19 19 12 12 12 12 0,268 0,270 0,443

95 19 19 15 15 15 15 0,193 0,195 0,320

12 37 37 18 15 18 75 0,153 0,154 0,253
15 37 37 18 15 18 15 0,124 0,126 0,206
18 37 37 30 30 30 30 0,099 1 0,100 0,164
24 37 37 34 30 34 30 0,075 4 0,076 2 0,125
30 61 61 34 30 34 30 0,060 1 0,060 7 0,100
40 61 61 53 53 53 53 0,047 0 0,047 5 0,077 §
50 61 61 53 53 53 53 0,036 6 0,036 9 0,060 §
63 91 91 53 53 53 53 0,028 3 0,028 6 0,046 9
80 91 91 53 53 - - 0,022 1 0,022 4 0,036 7
1000 91 91 53 53 - - 0,017 6 0,017 7 0,029 1
1200 91 91 53 53 - - 0,015 1 0,015 1 0,024 7
1 4002 91 91 53 53 - - 0,012 9 0,012 9 0,021 2
16Q0 91 91 53 53 - - 0,011 3 0,011 3 0,018 §
18002 - 0,010 1 0,010 1 0,016 5
2 000 - 0,009 0 0,009 0 0,014 9
2 500 - 0,007 2 0,007 2 0,011 9
30002 - 0,006 0 0,006 0 0,009 9
3200 - 0,005 6 0,005 6 0,009 3
3 5002 - 0,005 1 0,005 1 0,008 5

2 These sizes are non-preferred. Other non-preferred sizes are recognized for some specialized applications but
are not within the scope of this document.

b For stranded aluminium alloy conductors having the same nominal cross-sectional area as an aluminium
conductor the resistance value should be agreed between the manufacturer and the purchaser.



https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

- 14 - IEC 60228:2023 © IEC 2023

Table 5 — Class 5 flexible copper conductors for single-core and multi-core cables

1 2 3 4
Nominal cross- Maximum diameter of Maximum resistance of conductor at 20 °C
sectional area wires in conductor Plain wires Meotal-coated wires

mm?2 mm Q/km Q/km
0,5 0,21 39,0 40,1
0,75 0,21 26,0 26,7
1,0 0,21 19,5 20,0
1,9 0,26 13,3 13,7
2,5 0,26 7,98 8,21

4 0,31 4,95 5509

6 0,31 3,30 3,39

10 0,41 1,91 1,95

16 0,41 1,21 1,24

25 0,41 0,780 0,795

35 0,41 0,554 0,565

50 0,41 0,386 0,393

70 0,51 0,272 0,277

95 0,51 0,206 0,210

120 0,51 0,161 0,164
150 0,51 0,129 0,132
185 0,51 0,106 0,108
240 0,51 0,080 1 0,0817
300 0,51 0,064 1 0,065 4
400 0,51 0,048 6 0,049 5
500 0,61 0,038 4 0,039 1
630 0,61 0,028 7 0,029 2
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Table 6 — Class 6 flexible copper conductors for single-core and multi-core cables

1 2 3 4
Nominal cross- Maximum diameter of Maximum resistance of conductor at 20 °C
sectional area wires in conductor Plain wires Metal-coated wires

mm?2 mm Q/km Q/km
0,5 0,16 39,0 40,1
0,75 0,16 26,0 26,7
1,0 0,16 19,5 20,0
1.5 016 13.3 13.7
2,5 0,16 7,98 8,21

4 0,16 4,95 5,09

6 0,21 3,30 3,39

10 0,21 1,91 1,95

16 0,21 1,21 1,24

25 0,21 0,780 0,795

35 0,21 0,554 0,565

50 0,31 0,386 0,393

70 0,31 0,272 0,277

95 0,31 0,206 0,210

120 0,31 0,161 0,164
150 0,31 0,129 0,132
185 0,41 0,106 0,108
240 0,41 0,080 1 0,0817
300 0,41 0,064 1 0,065 4
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Annex A
(normative)

Measurement of resistance

The cable shall be kept in the test area for a sufficient time to ensure that the conductor
temperature has reached a level which permits an accurate determination of resistance using
the correction factors provided.

Measure the DC resistance of the conductor(s), either on a complete length of cable or flexible

cord ¢
recor
mean

Calcu
not fr

If neg

formulja:

The
IECEL

ol d bdlllpic Uf deUiU Uf ﬂC)\;IUiC bUIUI Uf dt icdbt ‘I LLLI ;ll icllyt;l, dt TOUITI tUIIIpUIdtUI
the temperature at which the measurement is made. Adjust the measured resistan
5 of the correction factors given in Table A.1.

ate the resistance per kilometre length of cable from the length of the complete cab
m the length of the individual core or wires.

essary, correction to 20 °C and 1 km length shall be made by| applying the foll

1000

R20 :Rtxktx

is the temperature correction factor from Table A.1;
is the conductor resistance at 20 °C, in\Q/km;
is the measured conductor resistance, in Q;

is the length of the cable, in m(

pxpanded measurement:uncertainty (k =2) for R,; shall be in accordance
EF OD-5014.

e and
ce by

e and

pwing

with
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Table A.1 — Temperature correction factors i, for conductor resistance
to correct the measured resistance at r °C to 20 °C

1 2 1 2
Temperature of Correction factor k; Temperature of Correction factor k;
conductor at time of conductor at time of
measurement All conductors measurement All conductors
t°C t°C
0 1,087 21 0,996
1 1,082 22 0,992
2 1,078 23 0,988
3 1,073 24 0,984
4 1,068 25 0,980
5 1,064 26 0,977
6 1,059 27 0,973
7 1,055 28 0,969
8 1,050 29 0,965
9 1,046 30 0,962
10 1,042 31 0,958
11 1,037 32 0,954
12 1,033 33 0,951
13 1,029 34 0,947
14 1,025 35 0,943
15 1,020 36 0,940
16 1,016 37 0,936
17 1,012 38 0,933
18 1,008 39 0,929
19 1,004 40 0,926
20 1,000
NOTH The values of corrgetion factors kt are based on a resistance-temperature coefficient of 0,004 per Kelvin
at 20 C.
The vplues of tempértature correction factors specified in column 2 are approximate but give practical values well
withinf the accuracy that can normally be achieved in measurements of conductor temperature and length of|cable
or flexible cords.
For morer accurate values for the temperature correction factors for copper and aluminium, reference shodld be
zjnoacdue t:)‘Ann‘c-:*‘)‘(‘ quiiv:e\ier‘ j.t].eff;astiﬁili_mt be treated as a requirement for testing in compliance with this
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Annex B
(informative)

Exact formulae for the temperature correction factors

a) Annealed copper conductors: plain or metal-coated

o = 2545 1
tCU T 234,541  1+0,00393(1—20)
b) AlpmimiomTconductors
248 1
kel

T 2284/ 1+0,00403(; - 20)

For aluminium alloys, reference should be made to the manufacturer.

In all the above cases, ¢ refers to the temperature of the conductor at\the time of measurégment
in dedrees Celsius.
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Annex C
(informative)

Guidance on the dimensional limits of circular conductors

Purpose

This Annex C is intended as a guide for manufacturers of cables and cable connectors to assist
in ensurmg that the conductors and connectors are dlmenS|onaIIy compatlble It glves guidance

b) ci

cular and compacted circular stranded conductors, (class 2) of copper, alumini
minium alloy;

c) flegxible conductors, (classes 5 and 6) of copper.

The d

made

indic

C.3

The

Dimensional limits for circular copper conductors

Jameters of circular copper conductors should not exceed.the values given in Tablg

to the minimum diameters for solid circular alumihium or aluminium alloy cond
ed in Table C.3.

If mi]i'mum diameters for class 1 circular copper conductors are required, reference ¢

Dimensional limits for stranded compacted circular copper, aluminiun
and aluminium alloy conductors

liameters of stranded compacted- circular copper, aluminium and aluminium

condyctors should not exceed the maximum values and should be not less than the mir]

value

5 given in Table C.2.

In the exceptional case of'\uhcompacted circular stranded aluminium or aluminium
conddyctors, the maximum, diameters should not exceed the corresponding values for ¢
condyctors given in cojumn 3 of Table C.1.

C.4

The d
the m

Dimensional limits for circular solid aluminium conductors

iameters of circular solid aluminium and aluminium alloy conductors should not e
bximum values and should be not less than the minimum values given in Table C.3

bm or

CA1.

an be
ictors

alloy
imum

alloy
opper

xceed



https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

- 20 -

IEC 60228:2023 © IEC 2023

Table C.1 — Maximum diameters of solid, non-compacted

stranded and flexible circular copper conductors

1 2 3 4
Nominal Conductors in cables for fixed installations
cross-sectional area Solid Stranded Flexible conductors
(Class 1) (Class 2) (Classes 5 and 6)
mm? mm mm mm
0,5 0,9 1,1 1,1
0,75 1,0 1,2 1,3
1,0 1,2 1,4 1,5
1,5 1,5 1,7 1,8
2,5 1,9 2,2 2,4
4 2,4 2,7 3,0
6 2,9 3,3 3,9
10 3,7 4,2 5,1
16 4,6 5,3 6,3
252 5,7 6,6 7,8
352 6,7 7,9 9,2
502 7,8 9,1 11,0
702 9,4 11,0 13,1
952 11,0 12,9 15,1
1202 12,4 14,5 17,0
1502 13,8 16,2 19,0
185 15,4 18,0 21,0
240 17,6 20,6 24,0
300 19,8 23,1 27,0
400 22,2 26,1 31,0
500 - 29,2 35,0
630 - 33,2 39,0
800 - 37,6 -
1000 - 42,2 -
NOTH The yalues given for flexible conductors are intended to allow for both class 5 and class 6 conductgrs.
a8 S¢e 8,1 b).
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Table C.2 — Minimum and maximum diameters of stranded compacted
circular copper, aluminium and aluminium alloy conductors

1 2 3
Nominal cross-sectional | Stranded compacted circular conductors (Class 2)
area Minimum diameter Maximum diameter
mm? mm mm
10 3,6 4,0
16 4,6 5,2
25 56 65
35 6,6 7.5
50 7,7 8,6
70 9,3 10,2
95 11,0 12,0
120 12,3 1345
150 13,7 15,0
185 15,3 16,8
240 17,6 19,2
300 19,7 21,6
400 22,3 24,6
500 25,3 27,6
630 28,7 32,5
NOTE 1 The dimensional limits of alumigidm conductors with cross-sectional areas
above 630 mm? are not given as. the compaction technology is not generally
established.
NOTE 2 No values are givenfor compacted copper conductors in the size range
1,5 mm?2 to 6 mmZ2.
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Table C.3 — Minimum and maximum diameters of solid circular aluminium conductors

1 2 3
Nominal cross- Solid conductors (Class 1)
sectional area Minimum diameter Maximum diameter

mm?2 mm mm

10 3,4 3,7

16 4,1 4,6

25 5,2 5,7

35 6,1 6,7

50 7,2 7,8

70 8,7 9.4

95 10,3 11,0

120 11,6 12,4
150 12,9 1338
185 14,5 15,4
240 16,7 17,6
300 18,8 19,8
400 21,2 22,2

500 24,0 25,1

630 27,3 28,4

800 30,9 32,1

1000 34,8 36,0
1200 37,8 39,0
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

AMES DES CABLES ISOLES

AVANT-PROPOS

2023

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de I’ensemble des comités electrotechnlques natlonaux (Comités natlonaux de IIEC) L'IEC a pour objet de
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aux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisation” (ISO), sel
ditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la me
sible, un accord international sur les sujets étudiés, étant donné que les Comités hationaux de I'lEC int¢
t représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
sure de I’exactitude du contenu technique de ses publications; I'lEC 'né peut pas étre tenue respons
entuelle mauvaise utilisation ou interprétation qui en est faite par@n*quelconque utilisateur final.

s le but d’encourager I'uniformité internationale, les Comitésnationaux de I'l[EC s’engagent, dans {
ure possible, a appliquer de facon transparente les Publieations de I'lEC dans leurs publications nat
égionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationa
onales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

C elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indép4d
nissent des services d’évaluation de conformité“et, dans certains secteurs, accédent aux marq
formité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certi
bpendants.

s les utilisateurs doivent s’assurer qu’ils 'sent en possession de la derniére édition de cette publicatio

une responsabilité ne doit étre imputée)a I'lEC, a ses administrateurs, employés, auxiliaires ou mand

r tout préjudice causé en cas_dé€ dommages corporels et matériels, ou de tout autre dommage de ¢
ire que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dé
ulant de la publication ou de-futilisation de cette Publication de I'lEC ou de toute autre Publication d
hu crédit qui lui est accordé.

tention est attirée sgdrles références normatives citées dans cette publication. L’utilisation de publi
rencées est obligatoire pour une application correcte de la présente publication.

C attire I'attention‘sur le fait que la mise en application du présent document peut entrainer I'utilisati
He plusieurs/brevets. L’IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité
t de propriété revendiqué a cet égard. A la date de publication du présent document, I'lEC n’avait p
fication_qu*dn ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il
ertirdlessresponsables de la mise en application du présent document que des informations plus rd
t sGsceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents
C\ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

mpris ses experts particuliers et\les membres de ses comités d’études et des Comités nationaux de¢
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L'IEC 60228 a été établie par le comité d’études 20 de I'lEC: Cables électriques Il s’agit d’une
Norme internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2004. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) une description relative aux &mes segmentées a été ajoutée;

b) des sections nominales supérieures & 2 500 mm?2 ont été ajoutées;
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c) l'ancienne valeur de résistance de 2 500 mm2 des &mes en aluminium a été corrigée et une
nouvelle valeur a été introduite.

Pour les systémes existants ou I’Ame en aluminium de 2 500 mm2 a été congue en tenant
compte de la valeur présentée dans les éditions précédentes et ne figure plus dans les
tableaux, la conception d’origine peut étre conservée et encore étre utilisée.

Les fournisseurs peuvent également utiliser cette conception remplacée des ames en
aluminium de 2 500 mm2 soit dans des systémes déja congus et qualifiés mais non livrés,
soit pour produire, par exemple, des longueurs de réparations et des longueurs de réserve
supplémentaires pour des systémes livrés.

Le choix d’utiliser la conception d’origine remplacée des ames en aluminium de 2 500 mm?2

ou

tableaux doit faire I'objet d’'un accord entre le fournisseur et les utilisateurs finaux:
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te de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
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port de vote indiqué dans le tableau ci-dessus donne toute-information sur le vote
a son approbation.

sion frangaise de cette norme n’a pas été soumise at.vote.
gue employée pour I’élaboration de cette Norme internationale est I'anglais.

cument a été rédigé selon les DirectivesJSO/IEC, Partie 2, il a été développé sel
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INTRODUCTION

Le présent document est destiné a servir de norme de référence fondamentale aux comités
d’études et Comités nationaux de I'lEC lors de I’élaboration de normes relatives aux cables
électriques, ainsi qu’aux Comités nationaux lors de I’élaboration de spécifications a utiliser dans
leur propre pays. Ces comités choisiront, dans les tableaux de cette norme générale, les &mes
qui conviennent aux applications particuliéres envisagées et incluront les détails applicables
dans leurs spécifications de cables ou feront référence au présent document.
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1 D

AMES DES CABLES ISOLES

omaine d’application

Le présent document spécifie les sections nominales, dans la plage de 0,5 mm2 & 3 500 mm?2,
des ames d’un large éventail de types de cables et de cordons électriques. Des exigences
relatives au nombre et au diamétre des fils sont également spécifiées, ainsi que des valeurs de

résist

nce—les admes concernées-sontles ames-massives—cablées et segmentées—en-guivre
T ) T ]

alumi
ames

nium et alliage d’aluminium, destinées aux cables pour installations fixes, ainsi_ g
souples en cuivre.

e les

Le prgsent document ne s’applique pas aux ames utilisées a des fins de télécommunicatjon.

L’app
relatiV

Sauf indication contraire dans un article particulier, le présent document porte sur les amgq

cable

Les &

Des annexes informatives donnent des informatiens complémentaires sur les facted
tion de température a utiliser pour lescmesures de résistance (Annexe B) gt des

correq
reconmn

2 R

Les d
de le
I’éditi

IECEH

3 T

Pour

e a ce type de cable.

5 terminés, et non sur les ames seules ou fournies en vue‘d’une intégration dans un

mes décrites dans le présent document sont spécifiées en tailles métriques.

mandations sur les limites dimensionnelles des ames circulaires (Annexe C).

éférences normatives

bcuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou
ir contenu, des exigences;du présent document. Pour les références datées,

F OD-5014, Instrament Accuracy Limits

prmes etdéfinitions

es-besoins du présent document, les termes et définitions suivants s’appliquent.

icabilité du présent document a un type de cable particulier est précisée dans la forme

s des
cable.

rs de

partie
seule

bn citée s’applique. Pour les références non datées, la derniére édition du documegnt de
référeince s’applique (y compris les éventuels amendements).

L'ISO et I'l[EC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

3.1

revétu d’une couche métallique
revétu d’'une fine couche d’'un métal approprié, tel que I’étain ou un alliage d’étain
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https://www.iso.org/obp
https://iecnorm.com/api/?name=14bb1ce9c1f62bcb1ebcfd50fa3b82f2

3.2

-30 - IEC 60228:2023 © IEC 2023

section nominale
valeur qui identifie une taille d’dme particuliére mais qui ne peut pas faire I'objet d’'un mesurage

direct

Note 1 & larticle: A chaque taille particuliére d'ame de ce document correspond une exigence sur la valeur
maximale de la résistance.

3.3

ame segmentée
ame cablée composée d'un assemblage de secteurs cablés, faiblement isolés les uns par
rapport aux autres

4 Classification

Les &
destin

cordo

o (I
o (I
o (I
o (I

5 Matériaux

5.1

Les fils des dmes doivent étre constifués de I'un des matériaux suivants (a I'excepti
I’élément central d’'une ame segmentée):

e altminium ou alliage d’aluminium.

Les fils des ames cablégs(ames segmentées, par exemple) peuvent étre oxydés ou éma
5.2 [Ames massives circulaires et sectorales en aluminium

Les gmes massives circulaires et sectorales en aluminium doivent étre constituées
aluminium_telrque la résistance a la traction de I’ame finie soit dans les limites indiquéeg
le Tableau.1.

. cu.]jvre recuit, nu ou revétu d’'uneé couche métallique;
I

hs souples mais elles peuvent également étre utilisées pour des ipstallations fixes.

Asse 1: ames massives.
nsse 2: ames cablées.

asse 5: ames souples.

Généralités

Imes sont réparties en quatre classes, 1, 2, 5 et 6. Les ames des classes 1 et 2 sont
ées aux cables pour installations fixes. Les classes 5 et 6 sont destinées aux cables et

nsse 6: ames souples fabriquées avec des fils de diameétre inférieur a celui de la clgsse 5
pdur la méme section nominale d’ame.

bn de

illés.

d’un
dans

Tableau 1 — Limites de résistance a la traction des 4mes massives circulaires et

sectorales en aluminium

Section nominale Résistance a la traction
mm? N/mm?
10 et 16 110 a 165
25 et 35 60 a 130
50 60a 110
70 et plus 60 a 90

Aucune limite n’est définie pour la résistance a la traction des dmes massives en alliage
d’aluminium.
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5.3

Ames cablées circulaires et sectorales en aluminium

Les ames cablées en aluminium doivent étre constituées d’un aluminium tel que la résistance
a la traction des fils individuels soit dans les limites indiquées dans le Tableau 2:

Tableau 2 — Limites de résistance a la traction des ames cablées circulaires et

sectorales en aluminium

Aucur

d’aluminium.

Ces vpleurs ne peuvent étre contrélées que sur des fils avant cablage et'ne peuvent I'ét

des fi

6 Ames massives et cablées

6.1

6.1.1
a) Le

matériaux spécifiés a I’Article 5.

b) Le
N(
a

c) Le
et

S€
S€

6.1.2

La résistance_a¢20 °C de chaque ame, déterminée conformément a I'Article 8, ne do

dépas

Pour

Section nominale Résistance a la traction
mm? N/mm?
10 inférieure a 200
16 et plus 125 a 205

e limite n’est définie pour la résistance a la traction des ames cablées en &

s prélevés dans une ame cablée.

Ames massives (classe 1)

Construction
s dmes massives ou les fils d’ames massives doivent étre constitués de I'u

s ames massives en cuivre doivent &ire de section circulaire.

TE Les ames massives en cuivre ayantune section nominale supérieure ou égale a 25 mm? sont de|
es types de cables particuliers, parexemple a isolation minérale, et non a des cables a usage génér

s ames massives en alumjnium et en alliage d’aluminium de taille comprise entre 1(
35 mmZ2 doivent étre d€ section circulaire. Les ames de plus grande taille doivent
ction circulaire pour,les cables monoconducteurs et peuvent étre de section circul
ctorale pour les cables multiconducteurs.

Résistance

ser la valeur maximale appropriée indiquée dans le Tableau 3.

lliage

e sur

n des

stinées
hl.
mm?2
re de
ire ou

t pas

en ald

par un facteur de 1,162, sauf accord contraire entre le fabricant et I'acheteur.

6.2
6.2.1

Ames cablées de section circulaire, non rétreintes (classe 2)

Construction

es{@mes massives en alliage d’aluminium ayant la méme section nominale qu’'ung¢ ame
mmm—mmmmmﬁw i i i i i ipliée

a) Les ames cablées de section circulaire, non rétreintes (classe 2) doivent étre constituées

de

I'un des matériaux spécifiés a I'Article 5.

b) Les &mes céablées en aluminium ou alliage d’aluminium doivent avoir une section non
inférieure @ 10 mm?2,

c) Tous les fils de chaque d&me doivent avoir le méme diamétre nominal.

d) Le nombre de fils de chaque &me doit étre au moins égal au nombre minimal approprié
indiqué dans le Tableau 4.
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6.2.2 Résistance

La résistance a 20 °C de chaque ame, déterminée conformément a I'Article 8, ne doit pas
dépasser la valeur maximale appropriée indiquée dans le Tableau 4.

6.3 Ames cablées rétreintes de section circulaire et ames sectorales cablées
(classe 2)

6.3.1 Construction

a) Les ames cablées rétreintes de section circulaire et ames sectorales cablées (classe 2)
doivent étre constituées de I'un des matériaux spécifiés a I'Article 5. Les ames cablées
rétre X X . . . ;. , - une

tion nominale non inférieure @ 10 mm?2. Les ames cablées rétreintes de sectioncirdulaire

en cuivre doivent avoir une section nominale d’au moins 1,5 mm2. Les ames-¢ablées de
selction sectorale en cuivre, aluminium ou alliage d’aluminium doivent aveir une sgection

ndminale d'au moins 25 mm?2.

b) L

rapport des diamétres de deux fils différents d’'une méme ame ne doitipas dépassegr 2, a
ception des ames constituées de fils préformés.

c) Lg nombre de fils de chaque ame ne doit pas étre inférieur au.noMbre minimal appfoprié
indliqgué dans le Tableau 4, a I'exception des ames constituées’ de fils préformés. [Cette
igence s’applique aux ames fabriquées avec des fils de section circulaire avant rétfeint.

6.3.2 Résistance

La régistance a 20 °C de chaque ame, déterminée _conformément a I'Article 8, ne dojt pas
dépagser la valeur maximale appropriée indiquée dans le Tableau 4.

6.4 [Ames segmentées (classe 2)

6.4.1 Construction

a) Lgs dmes segmentées (classe 2) dojvent étre constituées de I'un des matériaux spécffiés a
I’Article 5. Les dames segmentées, doivent avoir une section nominale au moins égale a
800 mm2, et le nombre minimal de fils pour chaque section n’est pas spécifié.

b) Lgrapport des diamétres de deux fils différents de chaque segment ne doit pas dépasgser 2
(é|ément central de 'dme‘segmentée exclu).

[ément central desdl@me segmentée peut étre vide, ou un conducteur massif, ou des fils,

d) Cg¢tte ame peutiétre construite avec 4, 5 ou 6 segments identiques. Le nombre de fil§ dans
que segment est défini par le fabricant. Dans le cas d’un élément central formé de fils,
eut étre considéré comme un segment supplémentaire de forme polygonale.

Résistance

; fles en
6.4.1, déterminée conformément a [I'Article 8, ne doit pas dépasser la valeur maximale
appropriée indiquée dans le Tableau 4.

7 Ames souples (classes 5 et 6)

71 Construction

a) Les ames souples (classes 5 et 6) doivent étre constituées de cuivre recuit, nu ou revétu
d’'une couche métallique.

b) Les fils de chague ame doivent avoir le méme diamétre nominal.

c) Le diameétre des fils de chaque ame ne doit pas dépasser la valeur maximale appropriée
indiquée dans le Tableau 5 pour les &mes de classe 5 ou dans le Tableau 6 pour les ames
de classe 6.
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