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1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONDUCTORS OF INSULATED CABLES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftgr reéferred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natighal Comnittee interested
in the subject dealt with may participate in this preparatory work. Internatiogal,gove nmetal and non-

with the International Organization for Standardization (ISO) in accordancé
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, ) kle, international
consensus of opinion on the relevant subjects since each technica
interested IEC National Committees.

3) IEC Publications have the form of recommendations for inteprfational
Committees in that sense. While all reasonable efforts are
Publications is accurate, IEC cannot be held responsibl
misinterpretation by any end user.

4) In order to promote international uniformj
transparently to the maximum extent possi
between any IEC Publication and the correspe
the latter.

5) IEC provides no marking procedure to indicate~i{s approwal and cannot be rendered responsible for any
equipment declared to be in canformity with & ica Qn.

6) All users should ensure thafthey st editien/ of \this’publication

7) No liability shall attach emyployees), servants or agents including individual experts and
members of its technic 2 i ommittees for any personal injury, property damage or
other damage of aqy na 3 hether\direct or indirect, or for costs (including legal fees) and
expenses arisi @ icati f,/or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn s C|ted |n this publication. Use of the referenced publications is
indispensable for

9) Attention is d gssibilty that some of the elements of this IEC Publication may be the subject of
patent right esponsible for identifying any or all such patent rights

Internatigna d IEGC, 60228 has been prepared by IEC technical committee 20: Electric

cables

This third edition can

els and replaces the IEC 60228 (1978), its Amendment 1 (1993) and its

first supplement, IEC 60228A (1982).

The principal changes with respect to the previous edition are as follows:

the consolidation of material from IEC 60228A;
addition of a definition for nominal cross-sectional area;
an increase in the range of conductor sizes in Tables 1 and 2;

addition of a note that solid aluminum alloy conductors, having the same dimensions as
aluminum conductors, will have a higher resistance;

strengthening of the recommendations for dimensional limits of compacted stranded copper
conductors.
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The text of this standard is based on the following documents:

FDIS Report on voting
20/718/FDIS 20/737/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain,u
maintenance result date indicated on the IEC web site under "http://websjg
related to the specific publication. At this date, the publication will be

shanged until the
"in the data

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

ada at present uses
atige (AWG) system and
ently prescribed uniformly
20 cable product standards

AWG kcmil
Nominal Nominal Nominal
Conductor cross- Conductor onduttor cross- Conductor cross-
size sectiopal siz ize sectional size sectional
are{x ( area area
mm mm? mm?
- S - 250 127 750 380
- - 300 152 800 405
20 0519 4 350 177 900 456
18 3 3 400 203 1000 507
16 1) 450 228 1200 608
14 2 1 500 253 1250 633
12 31 1 550 279 1500 760
10 6 2 600 304 1750 887
<?\ 8,3 /0 650 329 2000 1010
6 m 4/0 700 355 - -
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INTRODUCTION

IEC 60228 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 and either include the applicable details in their cable specifications
or make appropriate references to this standard.

In preparing this edition the main objects have been to incorporate IEC 60228A into it and
maintain a simplified yet informative standard so far as is compatible with technical and
economic considerations.

@C@
S
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CONDUCTORS OF INSULATED CABLES

1 Scope

This International Standard specifies the nominal cross-sectional areas, in the range 0,5 mm?2
to 2 500 mm?2, 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
conductors include solid and stranded copper, aluminium and aluminium alloy conductors in
cables for fixed installations and flexible copper conductors.

The standard does not apply to conductors for telecommunication purpd

The applicability of this standard to a particular type of cable is a
the type of cable.

conductors (Annex C).

2 Terms and definitions

For the purposes of thi

2.1
metal-coated < >
coated with a thin 3

2.2

3 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 also be used for fixed installations.

- Class 1: solid conductors.

— Class 2: stranded conductors.

- Class 5: flexible conductors.

— Class 6: flexible conductors which are more flexible than class 5.
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4 Materials

41 Introduction
The conductors shall consist of one of the following:

- plain or metal-coated annealed copper;

— aluminium or aluminium alloy.

4.2 Solid aluminium conductors

Circular and shaped solid aluminium conductors shall be made from alumini such that the
tensile strength of the completed conductor is within the following limits;

Nominal cross-sectional area Tensile strength
mm2 N/mm(\

10 and 16 1W\5\ \\

25 and 35 /WN \
; TN
70 and above f\\ ) /)‘0 1Q 90

NOTE The values given above are not applicakle to

4.3 Circular and shaped stranded alu

Stranded aluminium condyct a m aluminium such that the tensile strength of
the individual wires is V)Qni llowingulimits:
(@A
Nominal ¢ross-se i%@ Tensile strength
Q mm N/mm?2
< \Q/\\/ up to 200
16 and aboye 125 to 205
NOTE 1 The values g above are ndt applicable to aluminium alloy conductors.

NOTE 2 Zhis™data caponly be\ checked on wires taken before stranding and not on wires taken from a stranded
conductor.

5 Solid conductdrs and stranded conductors

5.1 Solid conductors (class 1)
5.1.1 Construction

a) Solid conductors (class 1) shall consist of one of the materials specified in Clause 4.
b) Solid copper conductors shall be of circular cross-section.

NOTE Solid copper conductors having nominal cross-sectional areas of 25 mm2 and above are for particular
types of cable, e.g. mineral insulated, and not for general purposes.

c) Solid aluminium and solid aluminium alloy conductors of sizes 10 mm2 to 35 mm2 shall be
of circular cross-section. Larger sizes shall be of circular cross-section for single-core
cables and may be of either circular or shaped cross-section for multi-core cables.
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51.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 7,
shall not exceed the appropriate maximum value given in Table 1.

NOTE For solid aluminium alloy conductors, having the same nominal cross-sectional area as an aluminium
conductor the resistance value given in Table 1 should be multiplied by a factor of 1,162 unless otherwise agreed
between the manufacturer and the purchaser.

5.2 Stranded circular non-compacted conductors (class 2)

5.2.1 Construction

a) Stranded circular non-compacted conductors (class 2) shall consist of(one of the materials
specified in Clause 4.

d) The number of wires in each conductor shall be not
number given in Table 2.

5.2.2 Resistance

The resistance of each conductor at{(20*
shall not exceed the appropriate maximb

5.3 Stranded compacted circular cond
(class 2)

5.3.1 Construction
a) Stranded compact
consist of .@a
aluminium or alapin
than 10 mm?2. S$te3

5.3.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 7,
shall not exceed the appropriate value given in Table 2.

6 Flexible conductors (classes 5 and 6)

6.1 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 Tables 3 or 4.
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6.2 Resistance

The resistance of each conductor at 20 °C, when determined in accordance with Clause 7,
shall not exceed the appropriate maximum value given in Tables 3 or 4.

7 Check of compliance with Clauses 5 and 6

Compliance with the requirements of 5.1.1, 5.2.1, 5.3.1 and 6.1 shall be checked on the
completed cable by inspection and measurement where practicable.

Compliance with the requirements for resistance given in 5.1.2, 5.2.2, 5.3.2 and 6.2 shall be
checked by measurement in accordance with Annex A and corrected for perature by the
factors in Table A.1.

Table 1 — Class 1 solid conductors for single-core and

1 2 AN NN
Maximum resistance}a&c&{ducto\kt 2\0\°C
Nominal cross-sectional Circular, annealed copper cond$c\ors luminium and
area aluminium alloy
Plain Metal-C conductors, circular or
shaped ¢
mm? Q/km (\ Q/l{ﬁ\ Q/km
0,5 36,0 36\1) -
0,75 24,5 4 8 -
1,0 18,1 18,2 -
1,5 12,1 12,2 -
2,5 4 Q) 7,56 -
4 4,70 -
6 3,11 -
10 1,84 3,08 a
16 1,16 1,912
25 - 1,20 2
35 - 0,868 a
50 - 0,641
,268 b - 0,443
0,193 b - 0,3204d
0,153 b - 0,253 d
0,124 b - 0,206 d
0,101 b - 0,164 d
240 0,0775° - 0,1254d
300 0,0620 P - 0,100 d
400 0,0465 P - 0,0778
500 - - 0,0605
630 - - 0,0469
800 - - 0,0367
1000 - - 0,0291
1200 - - 0,0247

a  Aluminium conductors 10 mm2 to 35 mm2 circular only; see 5.1.1 c).
b See note to 5.1.1 b).
¢ See note to 5.1.2.

d 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 2 — Class 2 stranded conductors for single-core and multi-core cables

1 2 | 3 | 4 | 5 | 6 | 7 8 9 10
Minimum number of wires in the conductor Maximum resistance of conductor at 20°C
Nominal . Circular ini
cross- Circular Shaped Annealed copper conductor | Aluminium or
sectional compacted aluminium
area cu | A Cu Al Cu Al | Plainwires | Metal-coated | alo¥
wires
mm?2 Q/km Q/km Q/km
0,5 7 - - - - - 36,0 -
0,75 7 - - - - - 24,5 -
1,0 7 - - - - - 18,1 -
1,5 7 - 6 - - - 12,1 ;
2,5 7 - 6 - - - 7,41 )
4 7 - 6 - - - 4,61 -
6 7 - 6 - - - ,08 -
10 7 7 6 6 - - 3 3,08
16 7 7 6 6 - - /\& 1,91
25 7 7 6 6 6 7 0,734 1,20
35 7 7 6 6 /\\ 0, > 0,529 0,868
50 19 19 6 6 6 6 387 0,391 0,641
70 19 19 12 12 12 12 0,268 0,270 0,443
95 19 19 1 15 1Q 15 ,193 0,195 0,320
120 37 37 18 15 8 51 0,153 0,154 0,253
150 37 37 1 1 \\'9\/ 0,124 0,126 0,206
185 37 37 [\6\ 3K 30 30 0,0991 0,100 0,164
240 37 @ 34 \\ 3 30 0,0754 0,0762 0,125
300 61 6<§Q&\\Qg\>4 30 0,0601 0,0607 0,100
400 61 6 53 53 53 0,0470 0,0475 0,0778
500 6 1 3 \E/ 53 53 0,0366 0,0369 0,0605
630 9 53 53 53 53 0,0283 0,0286 0,0469
800 </\ 33 53 - - 0,0221 0,0224 0,0367
1000 \4\ \E\\ 53 53 - - 0,0176 0,0177 0,0291
1200 \) b 0,0151 0,0151 0,0247
14002 b 0,0129 0,0129 0,0212
1 600 b 0,0113 0,0113 0,0186
18002 b 0,0101 0,0101 0,0165
2 000 b 0,0090 0,0090 0,0149
2 500 b 0,0072 0,0072 0,0127

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

b The minimum number of wires for these sizes is not specified. These sizes may be constructed from 4, 5 or 6
equal segments (Milliken).

¢ 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.
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