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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALCULATION OF MAXIMUM EXTERNAL DIAMETER
OF CABLES FOR INDOOR INSTALLATIONS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 60649, which is a technical report, has been prepared by subcommittee 46C: Wires and
symmetric cables, of IEC technical committee 46: Cables, wires, waveguides, r.f. connectors,
r.f. and microwave passive components and accessories

This second edition cancels and replaces the first edition published in 1979. This edition
constitutes a technical revision.

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

a) new definitions and formulation for diameter calculation.

b) revised values of constants used for the diameter calculation.

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d



TR 60649 © |IEC:2007(E) -3-

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
46C/765/DTR 46C/799A/RVC

Full information on the voting for the approval of this technical report 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 unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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CALCULATION OF MAXIMUM EXTERNAL DIAMETER
OF CABLES FOR INDOOR INSTALLATIONS

1 Scope

This Technical Report gives guidance for calculation of the overall cable diameter according
to the structure and the dimensions of the cable elements.

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

2.1 General definitions

211
single conductor
solid conductor

2.1.2
solid conductor within the stranded conductor
strand

21.3
stranded conductor
group of assembled strands

21.4
cable element
conductor, pair, triple, quad, quintuple or other structure. It may be screened or unscreened

215
solid conductor shape
circular

2.1.6
all dimensional values are nominal

2.2 Notation

2.2.1
diameter of solid conductor, d

2.2.2
diameter of concentric-lay stranded conductor, dg

223
diameter of non-concentric-lay stranded conductor, d,g

224
total number of strands in a stranded conductor, Ng

225
number of lays in a concentric-lay stranded conductor, n
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2.2.6
diameter coefficient for non-concentric-lay stranded conductor, k¢

2.2.7
nominal insulation thickness, d|

2.2.8
tape thickness, d;

2,29
braid wire diameter, d,

2.2.10
assembly coefficient, K,

2.2.11
cable element diameter, d,

2.2.12
core diameter, d¢ore

2.2.13
sheath thickness, dg;

3 Equations and method for calculations

3.1 Diameter of stranded concentric-lay conductor

Stranded concentric-lay is made up of 7, 19, 37, 61, 91 or 127 strands. Each strand has
diameter d. The strands are arranged in layers.

For this case Ng can be calculated from equation (1).
Ng=3n2 +3n +1 (1)
And dg from equation (2)
ds= (1+2n)d (2)

3.2 The diameter of stranded non concentric-lay conductor can be calculated by equation
(3) and Table 1, as follows:

dns = knsd (3)
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3.3

3.4

3.5

3.6
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Table 1 - k,¢ values

Ns kns Ns kns
2 2 26 6,0
3 2,15 27 6,15
4 2,41 28 6,41
5 2,7 29 6,41
6 3 30 6,41
7 3 31 6,7
8 3,31 32 6,7
9 3,62 33 6,7
10 4 34 7,0
11 4 35 7,0
12 4,15 36 7,0
13 4,41 37 7,0
14 4,41 38 7,31
15 4,7 39 7,31
16 4,7 40 7,31
17 5,0 41 7,62
18 5,0 42 7,62
19 5,0 43 7,62
20 5,31 44 8,0
21 5,31 45 8,0
22 5,62 46 8,0
23 5,62 47 8,0
24 6,0 48 8,15
25 6,0 49 8,15

The overall diameter of insulated solid conductor, D, can be calculated by equation (4).

D = d + 2d, 4)

Diameter of insulated concentric lay stranded conductor Dg can be calculated by
equation (5).
DS = ds + 2d| (5)

Diameter of insulated non-concentric-lay stranded conductor D¢ can be calculated by
equation (6).

Dns = dps + 24 (6)
Diameter D; over tape wrapped with an overlap on a core can be calculated by equation
(7).

Dt = dcore + Sdt (7)
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3.7 Diameter D; over tape wrapped without an overlap on a core can be calculated by
equation (8).

Dt = dgore t+ 2dt (8)

3.8 Diameter Dy over braid screen on a core can be calculated by equation (9).

Dp = dcore + 4,75 dp 9)

3.9 Overall diameter Dy of cable elements assembly can be calculated by equation (10)
and Table 2.

Da = Kada (10)

Table 2 — Assembly coefficient (K3)

Number of cabling .
elements Single Pairs Triples Quads Quintuples
N conductors
1 1,0 2,0 2,15 2,41 2,7
2 2,0 3,4 Note 1 Note 1 Note 1
3 2,15 3,65 4,1 4,9 5,6
4 2,41 4,1 4,6 5,5 6,3
5 2,7 4,6 5,2 6,2 7,0
6 3,0 51 6,0 6,9 7,8
7 3,0 5,1 6,0 6,9 7,8
8 3,4 5,5 6,5 7,6 8,7
9 3,6 6,0 7,0 8,3 9,4
10 4,0 6,4 7,5 8,8 10,0
>10 1,20 N 1,95 N 2,25 N 2,70 N 3,10 YN
NOTE 1 Since these types are rarely manufactured, no coefficient is given.
NOTE 2 Itis assumed that elements are identical.
3.10 Overall sheath diameter D, can be calculated by equation (11)
D¢ = Dp + 2dgp (11)

NOTE The minimum value for the sheath thickness, dgp, is given in the relevant IEC publications concerning

indoor installations.
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