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FOREWORD

This amendment has been prepared by IEC technical committee 20: Electric cables.

The text of this amendment is based on the following documents:

FDIS Report on voting
20/1499/FDIS 20/1547/RVD

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

The committee has decided that the contents of this amendment and the base publication will
remain unchanged until the stability 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

1.4.3.1 AC cables

Replace the existing equation by the following:

0,5
= A@X — NWdT4
NRT,(1+ A4+ Ap)

2.1.2 Skin effect factor y

Replace the existing subclause by the following:

The skin effect factor y is given by the following equations:

Xs

For 0 < x, <2,8 Yo=— S5
® ® 192+08x%

For 2,8 < x; <3,8 Ys =-0136-0017 7xg + 0,056 3x52

For x4 >3,8 ys =0354x5 -0,733

where
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[ is the supply frequency in hertz.

Values for kg are given in Table 2.

In the absence of alternative formulae, it is recommended that the above formula should be
used for sector and oval-shaped conductors.

2.3 Loss factor for sheath and screen

In paragraph 5 replace "large segmental" by "Milliken".

Replace the equation for the maximum operating temperature of the sheath or screen by the
following:

Oss = 0— (2R +05W,4 )y (°C)
2.3.1 Two single-core cables, and three single-core cables (in trefoil formation),

sheaths bonded at both ends of an electrical section

In the final line replace "having large conductors of segmental construction” by "having
Milliken conductors".

2.3.2 Three single-core cables in [flat formations with regular transposition, sheaths
bonded at both ends of an electrical section

In the penultimate line, replace “having large conductors of segmental construction" by
"having Milliken conductors™.

2.3.3 Three single-core cables in flat formation, without transposition, sheaths bonded
at both ends of an electrical section

In the explanation for A,", replace "having large conductors of segmental construction" by
"having Milliken conductors".

2.3.5 Effect of large segmental type conductors

Replace the existing title by the following new title:
2.3.5 Effect of Milliken conductors
Replace the first paragraph by the following new paragraph:

Where the conductors are subject to a reduced proximity effect, as with Milliken conductors,
the sheath loss factor A{" of 2.3.1, 2.3.2 and 2.3.3 cannot be ignored, but shall be obtained by

multiplying the value of Ay,

factor F given by the formula:

obtained from 2.3.6 for the same cable configuration, by the

2.4 Loss factor for armour, reinforcement and steel pipes (applicable to power frequency
a.c. cables only)



-4 - IEC 60287-1-1:2006/AMD1:2014
© IEC 2014

Replace the existing equation for the maximum operating temperature of the armour by the
following new equation:

00 =0- PR+ 05 W|Ty + [2R (1+ )+ Wy |n T} (o)

2.4.21 Single-core lead-sheathed cables — steel wire armour, bonded to sheath at
both ends

Delete, in item b,) the unit "(Q/m)" from the equation for H.

2.4.2.3.1 Round conductor cable

Add, at the end of this subclause, the following sentence to the end of the last paragraph:

This equation is under consideration because it may overestimate the armour loss factor for
some cable designs.

2.4.3 Losses in steel pipes

In the last paragraph replace

"(see 2.4.2.3.2 and the losses in the pipe ‘are to be ignored)."
by

"(see 2.4.2.5 and the losses in the pipe are to be ignored)."
Replace the existing Table 2 by the following new Table 2:

Table 2 — Skin and proximity effects —
Experimental values for the coefficients kg and k,

Type of conductor Conductor insulation kg kp
system

Copper
Round, solid All 1 1
Round, stranded Fluidd/papere/PPL' 1 0,8
Round, stranded Extruded9/Mineral” 1 1
Round, Milliken® Fluid/paper/PPL 0,435 0,37
Round, Milliken, insulated wires® Extruded 0,35 0,20
Round, Milliken, bare uni-directional wiresP, Extruded 0,62 0,37
Round, Milliken, bare bi-directional wires®, Extruded 0,80 0,37
Hollow, helical stranded All a 0,8
Sector-shaped Fluid/paper/PPL 1 0,8
Sector-shaped Extruded/Mineral 1 1
Aluminium
Round, solid All 1 1
Round, stranded All 1 0,8
Round Milliken All 0,25 0,15
Hollow, helical stranded All a 0,8
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a2 The following formula should be used for kg:
’ ’ 2
e - de —d; |( dg +2d,
S lde+d; J{ dg +d

d; is the inside diameter of the conductor (central duct) (mm);

where

d’; is the outside diameter of the equivalent solid conductor having the same central duct (mm).

The coefficients for these designs can be influenced by the detail of the conductor design. Subject to
agreement between the manufacturer and user measured values of ac resistance may be used. A common
measurement method is under consideration. Cigre (TB272) discusses three measurement methods.

¢ Milliken conductor:  stranded conductor comprising an assembly of shaped stranded conductors, with each
segment lightly insulated from each other. The individual strands may be either insulated
(e.g. enamelled or oxidised) or bare.

4 Fluid insulation: insulation system consisting of lapped paper and an insulating fluid which is designed to
maintain free movement of the fluid within the cable.

€ Paper insulation: lapped insulation consisting of paper impregnated with an insulating material.

f PPL insulation: fluid filled cable where a polypropylene/paper laminate is used in place of lapped paper.

9 Extruded insulation: insulation consisting generally of one layer of a polymeric material and applied by an
extrusion process.

Mineral insulation: insulation consisting of compressed mineral powder. Generally only used on specific
types of LV cable.

NOTE 1 The tabulated values of k and k_ for large stranded conductors have generally been derived from those
given in Cigre Technical brochure Ref N° 2072 Large cross-sections and composite_screens design.

NOTE 2 The value of k, given for round, Milliken, insulated wires is a limiting value intended to cover all methods
of insulating the wires including enamélling s oxidized, wirescor other methaods.

NOTE 3 The value of kg given for hollow helical stranded conductors is applicable to keystone conductors.
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AVANT-PROPOS

Le présent amendement a été établi par le comité d'études 20 de I'lEC: Cables électriques.

Le texte de cet amendement est issu des documents suivants:

FDIS Rapport de vote
20/1499/FDIS 20/1547/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cet amendement.

Le comité a décidé que le contenu de cet amendement et de la publication de base ne sera
pas modifié avant la date de stabilité indiquée sur le site web de I'lEC sous
"http://webstore.iec.ch"” dans les données relatives a la publication recherchée. A cette date,
la publication sera

e reconduite,

e supprimée,

e remplacée par une édition révisée, ou

e amendée.

1.4.3.1 Cables a courant alternatif

Remplacer I'équation existante par la suivante:

0,5
= A@X — NWdT4
NRT,(1+ A4+ Ap)

2.1.2 Facteur d'effet de peau yg

Remplacer le paragraphe existant par le suivant:

Le facteur d'effet de peau y, est fourni par les équations suivantes:

Xs

Pour 0 < x. 2,8 yg=——"T—+
® ® 192+08x4

Pour 2,8 < x¢ <3,8 ys =-0136-0017 7xg + 0,056 3x5°

Pour x4 >3,8 ys =0354x5 0,733

ou
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87 f

x2 =22 1077 kg

f estla fréquence du courant d'alimentation en hertz.

Les valeurs de kg sont données dans le Tableau 2.

En l'absence d'autres formules, il est recommandé d'utiliser les formules ci-dessus pour des
ames sectorales ou ovales.

2.3 Facteur de pertes dans les gaines ou les écrans

Au 5éme alinéa remplacer "grosses ames segmentées" par "ames segmentées”.

Remplacer I'équation relative a la température maximale de fonctionnement de la gaine ou de
I’écran par la suivante:

Oss = 0— (2R +05W,4 )y (°C)
2.3.1 Deux cébles unipolaires et trois cables unipolaires (disposés en tréfle), avec

gaines court-circuitées aux deux extrémités d'une section électrique

A la derniére ligne remplacer "ayant de grosses ames segmentées" par "a ames
segmentées".

2.3.2 Trois cables unipolairées [disposés @en; nappe, ;tégulierement transposés, avec
gaines court-circuitées aux deux extrémités d'une section électrique

A l'avant-derniére ligne, remplacer "ayant de grosses ames segmentées" par "a a&mes
segmentées".

2.3.3 Trois cables unipolaires disposés en nappe, non transposés, avec gaines court-
circuitées aux deux extrémités d'une section électrique

A [I'explication sur 24", remplacer "ayant de grosses ames segmentées" par "a ames
segmentées".

2.3.5 Influence des grosses ames segmentées

Remplacer le titre existant par ce qui suit:

2.3.5 Effet des ames segmentées

Remplacer le premier alinéa par le nouveau alinéa suivant:

Lorsque des dispositions ont été prises pour réduire l'effet de proximité, par exemple par
I'utilisation des ames segmentées, le facteur de perte dans les gaines A;" de 2.3.1, 2.3.2 et

2.3.3 ne peut plus étre négligé; ce facteur doit étre obtenu en multipliant la valeur A;" du
2.3.6 pour la méme configuration de cable, par le facteur F donné par la formule:

2.4 Facteur de pertes dans les armures, les frettages et les tuyaux d'acier (applicable
uniquement aux cables a courant alternatif a fréquence industrielle)

Remplacer I'équation existante relative a la température maximale de fonctionnement de
I’'armure par I'équation suivante:
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