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1)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-1: Current rating equations (100 % load factor)
and calculation of losses — General

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for s i atlon comprising
all national electrotechnical committees (IEC National Committees). The obj

international co-operation on all questions concerning standardization in the electfi d electronic fields. To
this end and in addition to other activities, IEC publishes International Stangdarg \ni ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy g qittee interested
in the subject dealt with may participate in this preparatory work. i 3

governmental organizations liaising with the IEC also participate in ki . |E aborates closely

agreement between the two organizations.

The formal decisions or agreements of IEC on technical mattg
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
s representation from all

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

v S whether direct or indirect, or for costs (including legal fees) and
the publication, use of, or reliance upon, this IEC Publication or any other IEC

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been prepared
for user convenience.

IEC 60287-1-1 edition 2.1 contains the second edition (2006-12) [documents 20/851/FDIS and
20/867/RVD] and its amendment 1 (2014-11) [documents 20/1499/FDIS and 20/1547/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions and deletions are displayed in red, with deletions being
struck through. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 60287-1-1 has been prepared by IEC technical committee 20:
Electric cables.

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

A list of all parts of the IEC 60287 series, published under the general title: Electric cables —
Calculation of the current rating, can be found on the IEC website.

The committee has decided that the contents of the base publication and its amendment 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.

AN

IMPORTANT - The “colour inside” logo on the cover-pag Wblication indicates
that it contains colours which are considered e useful fox the ¥orrect understanding
of its contents. Users should therefye\prin is\pab c%tixs’n usjng a colour printer.

©
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INTRODUCTION
This Part 1-1 contains formulae for the quantities R, Wy, A1 and Ao.

It contains methods for calculating the permissible current rating of cables from details of the
permissible temperature rise, conductor resistance, losses and thermal resistivities.

Formulae for the calculation of losses are also given.

The formulae in this standard contain quantities which vary with cable design and materials
used. The values given in the tables are either internationally agreed, for example, electrical
resistivities and resistance temperature coefficients, or are those which are generally
accepted in practice, for example, thermal resistivities and permittivitigs
latter category, some of the values given are not characteristic of {ks i ew cables
but are considered to apply to cables after a long period of use. i
comparable results may be obtained, the current ratings should

one country to another. For instance, W|th respe
resistivity, the values are governed
Superficial comparisons between th
erroneous conclusions if they are not be
different expectations for the life of the

bient\temp i
& by> different considerations.

afidus countries may lead to

The following prgcedu
be adopted.

such results g national specifications as recommended values, so that
the calculatln ma these values generally used in the country in question; a

A suggested
Part 3-1.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-1: Current rating equations (100 % load factor)
and calculation of losses — General

1 General

1.1  Scope

factor) just sufficient to produce asymptotically the maxi
surrounding ambient conditions being assumed constant.

— parameters related to construction
material) for which representative

— parameters which
involve a mam@or
1.2 Normative refére
The following refe
For dated refefe

IEC 600273, Lettek Sy
related quantities, ans

their units
IEC 60028:1925, International standard of resistance for copper
IEC 60141 (all parts), Tests on oil-filled and gas-pressure cables and their accessories

IEC 60228, Conductors of insulated cables

IEC 60502-1, Power cables with extruded insulation and their accessories for rated voltages
from 1 kV (Um = 1,2 kV) up to 30 kV (Um = 36 kV) — Part 1: Cables for rated voltages of 1 kV
(Um = 1,2 kV) and 3 kV (Um = 3,6 kV)
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IEC 60502-2, Power cables with extruded insulation and their accessories for rated voltages

from 1 kV (Um = 1,2 kV) up to 30 kV (Um = 36 kV) — Part 2: Cables for rated voltages from 6
kV (Um =7,2 kV) up to 30 kV (Um = 36 kV)

IEC 60889, Hard-drawn aluminium wire for overhead line conductors

1.3 Symbols

The symbols used in this standard and the quantities which they represent are given in the
following list:

A cross-sectional area of the armour mm?
g; } coefficients (see 2.4.2)
C capacitance per core m
Dg external diameter of cable m
D; diameter over insulation mm
Dy external diameter of metal sheath mm
Doc the diameter of the imaginary coaxial cylindey'whjch j

the crests of a corrugated sheath mm
Dj; the diameter of the imaginary cyfi .

inside surface of the troughs of\g G mm
F coefficient defined in 2.3.5
H intensity of solar radiation W/m?2
H magnetizing force ampere turns/m
Hs inductance of shea H/m
H1
Ho componenis of teel wires (see 2.4.2) H/m
Hs
/ current in oné S 9 ; A
% } coefficien
g } c Q/m
R altermati resistance of conductor at its maximum

operatingtemperature Q/m
Ra a.c. resistance of armour at its maximum operating temperature Q/m
Rpo  a.c. resistance of armour at 20 °C Q/m
Re equivalent a.c. resistance of sheath and armour in parallel Q/m
Rs a.c. resistance of cable sheath or screen at their maximum operating

temperature Q/m
Rs,  a.c. resistance of cable sheath or screen at 20 °C Q/m
R’ d.c. resistance of conductor at maximum operating temperature Q/m
Ro d.c. resistance of conductor at 20 °C Q/m
T4 thermal resistance per core between conductor and sheath K.m/W
T thermal resistance between sheath and armour K.m/W
T3 thermal resistance of external serving K.m/W
Ty thermal resistance of surrounding medium (ratio of cable surface

temperature rise above ambient to the losses per unit length) K.m/W
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external thermal resistance in free air, adjusted for solar radiation
voltage between conductor and screen or sheath

losses in armour per unit length

losses in conductor per unit length

dielectric losses per unit length per phase

losses dissipated in sheath per unit length

total losses in sheath and armour per unit length

reactance of sheath (two-core cables and three-core cables in trefoil)
reactance of sheath (cables in flat formation)

mutual reactance between the sheath of one cable and the conduct
of the other two when cables are in flat information

shortest minor length in a cross-bonded electrical section havi
unequal minor lengths

distance between the axes of conductors and the axis of
three-core cables (= 0,55 rq + 0,29 t for sector-shaped

mean diameter of sheath or screen

mean diameter of sheath and reinforcement
mean diameter of reinforcement

mean diameter of armour
external diameter of conductor

external diameter of equivalent xQ ing the

minor di@
diameter ¢

length of a cable section (general symbol, see 2.3 and 2.3.4)
natural logarithm (logarithm to base e, see IEC 60027-3)

O 407
S
number of conductors in a cable
number of steel wires in a cable (see 2.4.2)

length of lay of a steel wire along a cable (see 2.4.2)
coefficients used in 2.3.6.2

circumscribing radius of two- or three-sector shaped conductors

K.m/W
\%

W/m
W/m
W/m
W/m
W/m
Q/m
Q/m

Q/m

mm
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s
S1

S2
t

axial separation of conductors

axial separation of two adjacent cables in a horizontal group of three,

not touching
axial separation of cables (see 2.4.2)

insulation thickness between conductors
thickness of the serving
thickness of the sheath

ratio of the thermal resistivities of dry and moist soils (v = pg/pw)

argument of a Bessel function used to calculate proximity effect

argument of a Bessel function used to calculate skin effect

proximity effect factor
skin effect factor

} (see 2.1)

temperature coefficient of electrical resistivity at 20 °C, per

angle between axis of armour wires and
coefficient used in 2.3.6.1

angular time delay (see 2.4.2)

coefficients used in 2.3.6.1

equivalent thickness of armoupOrxein
loss factor of insulation
relative permittivity of insulatio

the losses i one conductor)

ratio of the losses in one sheath caused

axis of cable (

oil; this is the temperature rise of the boundary
ones above the ambient temperature of the soil

the total.condiictor losses (or losses in one sheath or armour to

by circulating currents in

the sheath to the losses in one conductor

ratio of the losses in one sheath caused
the losses in one conductor

loss factor for the middle cable
loss factor for the outer cable with
the greater losses

loss factor for the outer cable with
the least losses

by eddy currents to

Three cables in flat forma-
tion without transposition,
with sheaths bonded at both
ends

mm

°C
°C
°C
°C

°C
K

K
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n relative magnetic permeability of armour material

Ue longitudinal relative permeability

Lt transverse relative permeability

p conductor resistivity at 20 °C Q'm
Pd thermal resistivity of dry soil K.m/W
Pw thermal resistivity of moist soil K.m/W
Ps sheath resistivity at 20 °C Q'm

c absorption coefficient of solar radiation for the cable surface

® angular frequency of system (2xf)

1.4 Permissible current rating of cables

does not occur. The lower of the two ratings shall be used.

1.4.1 Buried cables where drying out of the soil does

1.4.1.1 AC cables

where
/ is the current flowjng i one conduttox (A);

AD is the condugtor temy
NOTE The .
a situation in Which

R is the 3alterhati
operatiag tem

T4 is théexthe
(K.m/W);

To is the thermal resistance per unit length of the bedding between sheath and armour
(K.m/W);

T3  is the thermal resistance per unit length of the external serving of the cable (K.m/W);

T, is the thermal resistance per unit length between the cable surface and the surrounding
medium, as derived from 2.2 of Part 2 (K.m/W);

n is the number of load-carrying conductors in the cable (conductors of equal size and
carrying the same load);

A1 is the ratio of losses in the metal sheath to total losses in all conductors in that cable;

Ao  is the ratio of losses in the armouring to total losses in all conductors in that cable.
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