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The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-3: Current rating equations (100 % load factor)
catcutati - ~ ¢ Hrarima-bet et

single-core cables and calculation of circulating current losses

FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to"promote internati
o-operation on all questions concerning standardization in the electrical and electrohic fields. To this end
h addition to other activities, IEC publishes International Standards, Technical Specifieations, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to aS-"IEC Publication(s)”). T
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt

vith the IEC also participate in this preparation. IEC collaborates closely.with' the International Organizatio
btandardization (ISO) in accordance with conditions determined by agreement between the two organizatior

onsensus of opinion on the relevant subjects since each technical committee has representation fron
hterested IEC National Committees.

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

h order to promote international uniformity, IEC “National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in‘their national and regional publications. Any divergence betw
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the I3

EC itself does not provide any attestation~0of conformity. Independent certification bodies provide confor
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent eertification bodies.

\Il users should ensure that theychave the latest edition of this publication.

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

\ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatiof
hdispensablejfor'the correct application of this publication.

\ttention,is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pg

ights. IEGsshall not be held responsible for identifying any or all such patent rights.

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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reasons of the most relevant 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.
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IEC 60287-1-3 has been prepared by IEC technical committee 20: Electric cables. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2002. This edition

con

stitutes a technical revision.

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

a)

Change and update of list of symbols. |1

The

Ful
the

The

Thi
ace

des

Ali
Ca

The
sta
spe

text of this International Standard is based on the following documents:

Draft Report on voting

20/2098/FDIS 20/2105/RVD

above table.
language used for the development of this International Standard is English.

5 document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
ordance with ISO/IEC Directives, Part 1 and ISO/IEC DBirectives, IEC Supplement, availa

cribed in greater detail at www.iec.ch/publicatiosds,

culation of the current rating, can be found,on the IEC website.

cific document. At this date, theydocument will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

information on the voting for its approval can be found in the report on voting indicated in

in
ble

vww.iec.ch/members_experts/refdocs. The main_document types developed by IEC |are

st of all parts in the IEC 60287 series, published under the general title Electric cablgs —

committee has decided that the contents of this document will remain unchanged until{the
pility date indicated on the IEC website under webstore.iec.ch in the data related to [the

cdntains colours which are considered to be useful for the correct understanding of its
cantents. Users should therefore print this document using a colour printer.

PORTANT — The "colour inside" logo on the cover page of this document indicates that it
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To avoid the use of same symbol with different meanings or different symbols with the same meaning across IEC 60287 standard series, some symbols have been changed. One of the main new criteria is the use of capital letter "C" for all coefficients.
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INTRODUCTION

When single-core cables are installed in parallel, it is possible that the load current-may will not
share equally between the parallel cables. The circulating currents in the sheaths of the parallel
cables will also differ. This is because a significant proportion of the impedance of large
conductors is due to self reactance and mutual reactance. Hence the spacing and relative
location of each cable will have an effect on the current sharing and the circulating currents.
The currents are also affected by phase rotation. The method described in this document can
be used to calculate the current sharing between conductors as well as the circulating current
losses.

The
est
prin
sol
sol
rec

are

For
hav
to 3
can
out
maj

re is no simple rule by which the circulating current losses of parallel cables can
mated. Calculation for each cable configuration—is—necessary should be apptied.

ciples and impedance formulae involved are straightforward but the difficulty arises
ing the large number of simultaneous equations generated. The number of gquations td

ed generally precludes the use of manual calculations and solution(by computef

bmmended. For n, cables per phase having metallic sheaths in a three-phase system th
6-# - n. equations containing the same number of complex variables.

simplicity the equations set out in this document assume that\the parallel conductors
e the same cross-sectional area. If this is not the case, the equations-may should be adag
llow for different resistances for each conductor. The effect.of neutral and earth conduc
also be calculated by including these conductors in the‘appropriate loops. The method
in this document does not take account of any portioncof the sheath circulating currents
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 can flow through the earth or other extraneous _paths. In this respect, the effect of earth
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rn path has been excluded for the purposes of the)methodology described in the follow
t is concluded that it can affect the magnitude of the resulting circulating currents only &
[l extent on a limited number of cases, whetg both very low soil electrical resistivity val
low earthing conductor resistance values,are simultaneously considered. |2

conductor currents and sheath circulating currents in parallel single-core cables
kely to be equal. Because of this,the external thermal resistance for buried parallel cah
uld be calculated using the method set out in IEC 60287-2-1:2023, 4.2.3.2. Because
brnal thermal resistance and sheath temperatures are functions of the power dissipa

h each cable in the group+tis-nhecessary-to-adept an iterative procedure to determine
ulating current losses and-the external thermal resistance should be adopted.

ng,
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are
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The text here complements the text above and provides an explanation for the exclusion of earth return path from the methodology described in the following.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-3: Current rating equations (100 % load factor)
and calculation of losses — Current sharing between parallel
single-core cables and calculation of circulating current losses
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Thi
cur

The
par

shdath bonding. For the calculation of sheath losses, it is assumed thatthe sheaths are bon

ath

is given in I[EC 60287-1-2.

Scope

5 part of IEC 60287 provides a method for calculating the phase currents and)circula
'ent losses in single-core cables arranged in parallel.

method described in this document can be used for any number of.cables per phas

oth ends. A method for calculating sheath eddy current losses intwo circuits in flat forma

ing

B in

bllel in any physical layout. The phase currents can be calculated/for any arrangemenit of

Hed
ion

2 |Normative references

Thda folowina referenced documents are indisnaencahbla)for the annlication of thics document I[Eor
HgoHowWiRgfretrerencea-aocumemsSare- haisSpenSgpeto e appHECaAHOR- O HS GOCUHMENt O
datbd references onlvy the adition cited annlies «+Far undated references the latest editioh of
GatpatfrererencesS—omyme—eaiion—ccheaappHesS T oOruhtateafretereRCeStRe1atesSt+eaiioi—ot
IEAQ B80287-1-2:-1003 FElactric cables lerlation-of-the current-rating Dart 1- Current rabinag
SO UL 1219990, =66 Ganies oarettattor-one-ecurret—-attiig —art——CtHreRtatig
eaudations (100 9% lnad factor) and calecitilation of losses Section 2 Shaath eddyv current ca
equattionS{+oo—+10aa1actor)ana-Carctidtion-o61-+0SSEeS o CHOR~=—oReHA-eaay-CtHeHAHOSS
IEAQ-_60287-2-1-1004  Fleoctricscables Caleulation—of—the current-rating DPaort 2- Thapdmal
= OILO L1194 =16 CHHESNEAPIES carctratton—ortnRe—ceurrenrt—-+ating —at=Z—+AeHnRat
Thgre are no normativeteferences in this document.

3 [Terms, definitions and symbols

3.1] Terms/and definitions

No fterpns’and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

.2

C

S

3
d
d
f

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

ISO Online browsing platform: available at https://www.iso.org/obp
Symbols
external diameter of the conductor, mm
mean diameter of sheath or screen, mm

system frequency, Hz

| o gl o5 of


https://www.electropedia.org/
https://www.iso.org/obp
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’ ol . ¢
pn. number of cables per phase

D,,, axial spacing between conductors, mm

[1] support vector used in the calculation of current in 4.3
Ip,.  currentin the conductor of cablep ., A

Igp,, circulating current in the sheath of cable-p ¢, A

[0] support matrix used in the calculation of current in 4.3

resistance of a conducting element, Q/m

AC resistance of conductor at maximum operating temperature, Q/m

s AC resistance of the cable sheath or screen at their maximum operating.temperatyre,
Q/m

Kk apparent mutual reactance of a pair of conductors

[Z] support matrix used in the calculation of current in 4.3
AV conductor voltage drop, V
A coefficient depending on the construction of the conductor

A'p}. sheath loss factor of cable-p . due to circulating curcents
@2 angular frequency of system (2xf), s~

NOTE Subscripts m, n, i and k are used in the following only totdénote rows and columns of matrices and therdfore
to identify specific matrix elements. They do not correspond™Mo the respective symbols used in other parts of the
IEC 60287 series for identifying physical quantities.

4 |Description of method

4.1 General

Thg method calculates the proportion of the phase current carried by each parallel condugtor
and the circulating current in the-sheath of each cable. The loss factor (1°) for each case is then
calgulated as the ratio of thélosses in a sheath caused by circulating currents to the lossep in
the|conductor of that cable:

Thg method of calCulation set out in 4.2 and 4.3 only considers voltage drop along |the
conductors. Any unbalance in the load which would lead to unbalanced phase currents is
ignored.

Theg equations to be solved for the unknown currents in the parallel conductors and their shedths
are|built up from a consideration of the basic formulae for the impedance associated with a Ipop
consisting of two long conductors lying parallel to each other and the formulae for the mutual
impedance between a foop andan adjacent conductor. Consideration of these equations teads
to a system of simultaneous equations for the impedance voltage for all the conductors and
sheaths in a three-phase parallel cable system. The impedance voltages for all conductors in
parallel in the same phase are equal. Also for the conductors representing the bonded sheaths
the voltages are equal. Hence the impedance voltages can be eliminated from the equations.
The sum of the currents in the parallel conductors is equal to either the known phase current or
zero for the sheaths. This provides the additional information-reeded required for the solution
of the simultaneous equations.

It should be noted that all the currents are complex quantities containing both real and imaginary
parts.

The mutual impedance between conductors is a function of their relative positions. Hence, if
the relative positions of the cables vary along the route, or the sheaths are cross-bonded, then
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the impedance for each section shall be calculated individually and the vector results summed
in order to obtain the total impedance of each loop. If the route length is very short, then
significant errors—may can occur in the calculated result due to the change in the relative
positions of the cables as they approach the terminations.

The equations set out in this document can also be used to calculate the current sharing
between cables without a metallic sheath or armour and between cables with the sheaths
connected together at one end only, single-point bonded. For such calculations, the circulating
current in each sheath is zero. Where cable sheaths are bonded at one end only, the standing
voltage at the open circuit end of the sheath can also be determined using this method of

TOtroTTT

Forlthe method set out in this document, it is recommended that the solution of the equatipns
is ?Jchieved by a process of matrix algebra. This has the advantage that the solution*achieyed
is unique and not a function of an iterative process.

4.2 Outline of method

Thg loss factor for the sheath in a given cable in a parallel circuit is giyen by:

4 ]

(Ip ) R
") ke

’ R
A e | Zs (1)
¢ Inc C
The currents g, and /,, are obtained by solution of equations of the following form where

thefe are pp.conductors in parallel and a total of-» 6 - n, conductors in a three-phase systpm.

To pimplifyxmatters, both the phase conductors and the sheaths are referred to as conductprs.
The phase conductor currents are Iy, I,, etc. The sheath currents are /3,41, /35,042, I3p,}+3

etc

For convenience in the calculations, the following notation is used:

Cable references

Circuit 1 e . Png
Phase R 1 e R <
Phase S pn, + 1 e Pg Fi .. 2png
Phase T 2pn,+1 ... 2pn.+i ... 3png

The conductors can then be identified as follows:


https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b
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reference of the cable

Reference of a phase conductor

Reference of a sheath conductor reference of the cable + 3pn,

For each phase the current is given by:

p
Ir[1+j0] = > Ik
k=1

Ir[-05+j0866] = > I
k=2p+1

g
k=1

2ng
Is[-0,5-j0,866]= Y. “Ii

k=nc+1

3ng
]T [—0,5+j0,866]= Z Ik
k=2nc+1

Thg above Equations (2) assume forward phase rotation. If the phase rotation is not known,

ulation shall be carried out for both forward and reverse phase rotations.

ca

Forlconductor loops representing the sheaths, the current is given by:

the

The voltage drop in each conductor is then

— for the conductors of phase R:

[e)
O

p
N\¢
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6ng
AVg =D Zy x I (4)
k=1
fori=1to png;
for the conductors of phase S:
6p
AL v Z L
=S LJ’-‘I,K K
k=1
6n¢
AVg =D Ziy x Iy (5)
k=1
fori=pn.+ 11to 2png;
for the conductors of phase T:
6p
AL v Z L
=7 227K <K
k=1
67
AVR D, Zig < Iy (6)
k=1
for i =2pn.+ 1to 3pn;
— [for the sheath conductors:
6p
AL v Z L
=TA A“-‘I K K
k=1
6ng
DVp = 3 Zig x Iy (7)
k=1

fori= 3pn; + 1 to 6pn,.

Eliminating the voltage drop from this set of equations leads to (6pn. — 4) equations having the

following form:



https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b

IEC 60287-1-3:2023 CMV © IEC 2023 -1 -

6ng
0+j0= ZZZLk Xlk
k=1
where zzjy = Zj - Zi g = R + jXix
and R is defined as follows:
R=0ifi=Kk R=0ifi=k-1

For

For

the phase conductors (refer to array [Z] in Example 1)

R =R ifi=kandis 3pn, R=—-R ifi=k—-1andi<8gn,

the sheath conductors (refer to array [Z] in Example 1)

R=Rgifi=kandi>3pn, R=-R ifi=k—"1Tandi>3pn,
X; ¢|is regarded as a reactance and is defined as follows:
d.:
Xiy = 201077 |n('+—”‘J
ik
where
if i = k, then d; = D, , = axial spacing’between cables m and n,
with m =i ifi<3pn, m =i— 3pn, ifi > 3pn,
and n=k if k< 3png n=k-3pn, if k> 3pn,
, . dg
If i=k andis 3pn, then djy = a—"
, . ds
If i =k%Wandi>3pn, then djyx = >

For

appropriate values of coefficient a see Table 1.
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Table 1 — Values of « for conductors

The
con
inn
con

4.3

In g

where the values for Q are given by the left-hand side of Equations (2), (3) and (8). The va

for
in t

In n

where [Z] is a square matrix of the coefficients of 7, to I,,, in Equations (2), (3) and (8).

In g

Number of wires Value of a
1 (solid) 0,779
3 0,678
7 0,726
19 0,758
37 0,768
51 0772
91 0,774
127 0,776

values given in Table 1 are applicable to non-compacted conductors. \For compad
ductors a = 0,779 should be used. The values for hollow conductors are-dependent on
br and outer diameters of the conductor. An example of the calgulation of « for hol
ductors is given in Annex B.

Matrix solution

eneral the equations developed will be of the form:

QO o=z A

0= f(ZxI)

V., are the coefficients of 7, in these equations, and the values for I are the unknown currg
e conductors and sheaths.

hatrix form the equations become:

[0]=[2]x[1]

rder to solve the unknown currents [/] the equation is written as:

ted
the
low

ue
nts

[1] = [z]" <[o]

where [Z]71 is the inverse matrix of [Z].

Example calculations using the matrix solution are given in Annex A.
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Annex A
(informative)

Example calculations

A.1 Introduction Overview

The cable dimensions used in these examples are arbitrary and do not represent any particular
type_of cable.

It i§ assumed that the relative positions of the cables do not change over the length ofithe fun.
Itislalso assumed that the bonding conductors have an impedance which is negligible\compared
with the impedance of the conductors. The skin and proximity effects on AC resistance |are
ignpred. The various impedance values calculated in these examples are forytY 000 m Ipng
cables.

Thgse examples assume a supply frequency of 50 Hz.

Theg cable and installation parameters are as follows:

Copper conductor diameter: 32,8 mm
Copductor resistance at 20 °C: 28,3 - 1056 Q/m
Maximum operating temperature: 70.°€

Copductor resistance at 70 °C: 33,86 - 1076 Q/m
Number of wires in conductor: 127

Conductor coefficient for 127 strands: 0,776

Alyminium sheath resistance at 20 °C: 0,18 - 1073 Q/m
Mefan diameter of sheath: 48 mm

Sheath temperature: 60 °C

Shgath resistance at 60 °C: 0,209 - 1073 Q/m

A.4 Example 1

A.2.1 General

Theg cables are laid in flat formation at 200 mm between centres with two cables per phase gnd
no neutrals. The cable arrangement is as follows:

Cable 1 Cable 3 Cable 5 Cable 6 Cable 4 Cable 2
R1 S1 T1 T2 S2 R2

For convenience in the calculation, the conductors and sheath of each cable are numbered so
that the conductors are numbered 1 to 6 and the sheaths 7 to 12. The first cable will have
conductor 1 and sheath 7. The second cable being 2, 8, etc. This gives a total of 12 conductors
in this example.
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For a single circuit installed in flat formation at 200 mm centres, with one cable per phase, the
sheath loss factors calculated in accordance with IEC 60287-1-1 are:

Th

Table A.1 — Sheath loss factor calculation according to IEC 60287-1-1

Outer Middle Outer
1,99 1,50 2,62

se values are similar to the values obtained in Examples 1 and 2. but significantly diffe

fron

A.2

The
low,

The

The

n those obtained in Example 4.
.2 Calculations
zero co-ordinates (0,0) can be fixed at any point, but it is convenient to takéthe axis of
er left-hand cable as (0,0). The cable co-ordinates are entered into the array S below:
X y
0 0 Cable 1, phase R
1000 0 Cable 2, phase R
S = 200 0 Cable 3, phase $§
800 0 Cable 4, ,phase S
400 0 Cable 5, phase T
600 0 Cable 6, phase T

axial cable spacings are calculated using, the following equation:
m = 1o 6 n=1to6
mn = m<1 = °n1) — \Pm,2 = ©9n2

Dm,n = \/(Sm,1 _Sn,1 )2 +(Sm,2 _Sn,2>2

spacings are\given in the array D below:
0 1000 200 800 400 600
1000 0 800 200 600 400
D= 200 800 0 600 200 400
800 200 600 0 400 200
400 600 200 400 0 200
600 400 400 200 200 0

ent

the

Clearly this array is symmetrical about its diagonal and it is not necessary to calculate the
spacing between cables m and n as well as between cables n and m.

This array is then modified to include all the values of d;; , required to calculate .X; . The modified
array is given in Table A.1.

The effective reactances X;  are calculated using Equation (9):
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d:
Xiy = 201077 In| LK
’ dix

The coefficients, zz, for the right-hand side of Equation (8) are calculated as follows and are
given in the array zz, as shown in Table A.4.

zzj = Rig + jXix

where
R =[0 if 1#k R=0 if 1# k=1

=R, ifi=kandis<3pn, R=-Rg ifi=k-1andis3pn,
R =[Rg ifi=kandi>3pn, R=-Rg ifi=k-1andi>3pn,

Thg coefficients for the current, 7, for the right-hand side of Equations (2) and (3) are showh in
array H below;

1 1 0 0 0 0 0 0 0 0 0 0 Phase R
H H 0 0 1 1 0 0 0 0 0 0 0 0 Phase S

0 0 0 0 1 1 0 0 0 0 0 0 Phase T

0 0 0 0 0 0 1 1 1 1 1 1 Sheath

For] convenience of calculation these coefficientsiare included in the same matrix as thpse
obtpined from consideration of the conductor loops. The new array [Z] is given in Table A.5

Theg values and coefficients for the left-hand, side of Equations (2) and (3) are given in array|[Q]
belpw:

0
1
0

-0,5 - 0,866/
0

-0,5 + 0,866/

[0] =

0
0
0
0

D

The phase and sheath currents in each conductor can then be calculated by solving the
simultaneous equations set out in array [Z], Table A.3, and [Q] above. These currents are given
below in terms of the resistive and reactive components. Multiplying the inverse of matrix [Z] by
[O] solves the equations.
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0,5
0,5
-0,25 - 0,433;
-0,25 - 0,433;
-0,25 + 0,433)
= -0,25 + 0,433/
-0,216 - 0,189 2j
-0,216 — 0,189 2/

The
are

Pha

Los

0,130 9 + 0,216 4;
-0,130 9 + 0,216 4/
0,346 9 — 0,027 2/
0,346 9 — 0,027 2/

magnitude of the phase conductor and sheath currents together with the sheath loss fa
given below, assuming a total phase current of 100 A.
se conductor current =1{W|+HQG 1,,1-100; Sheath currént =35 ‘Isnc -10
2
(75 pm| x 100F x Ry (|fes|-100) -,
s factor = > 3 .
(Ilm|><100) x R¢ (]nc .100) R

Table A.2 — Sheath current and st¥éath loss factor calculation per phase

Phase current Sheath Sheath loss

current factor
Cable 1, phase R 50 28,7 2,036
Cable 2, phase R 50 28,7 2,036
Cable 3, phase S 50 25,3 1,58
Cable 4, phase S 50 25,3 1,58
Cable 5, phase T 50 34,8 2,99
Cable 6,"phase T 50 34,8 2,99

Ctor

J
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A.3 Example 2

In this example, the same cable data and spacing has been used as in Example 1, but the
phase rotation has been reversed.

The magnitude of the phase conductor and sheath currents together with the sheath loss factor
are given in Table A.6 below, assuming a total phase current of 100 A.

Table A.6 — Sheath current and sheath loss factor calculation per phase

Phase current Sheath current Sheath loss

factor
Cable 1, phase R 50 34,4 2,916
Cable 2, phase R 50 34,4 2,916
Cable 3, phase S 50 24,5 1,477
Cable 4, phase S 50 24,5 1,477
Cable 5, phase T 50 29,9 2,213
Cable 6, phase T 50 29,9 2,213

A.4 Example 3

In this example the same cable data has been used/but the six cables are now arranged in fwo
trefpil groups with 200 mm between centres of the.groups. The arrangement is shown beloy:

R1 R2
S1T1 T2 S2

The cable co-ordinates are as follows:

x y
30 52 Cable 1, phase R
230 52 Cable 2, phase R
D= 0 0 Cable 3, phase S
260 0 Cable 4, phase S
60 0 Cable 5, phase T
200 0 Cable 6, phase T

The magnitude of the phase conductor and sheath currents, together with the sheath loss factor
are given in Table A.7 below, assuming a total phase current of 100 A.
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Table A.7 — Sheath current and sheath loss factor calculation per phase

Phase current Sheath current Sheath loss

factor
Cable 1, phase R 50 13,9 0,474
Cable 2, phase R 50 13,9 0,474
Cable 3, phase S 50 13,8 0,468
Cable 4, phase S 50 13,8 0,468
Cable 5, phase T 50 14,1 0,492
Cable 6, phase T 50 14,1 0,492

A.§ Example 4

In fhis example, the same cable data has been used but the cables are,now such that
curfent sharing between phase conductors is not equal. The arrangement is shown below:

R1 R2

S1

The cable co-ordinates are as follows:

400
D= 800
1200
1600
2 000

o OO0 O O O <

S2 T1

Cable 1, phase R
Cable 2, phase R
Cable 3, phase S
Cable 4, phase S
Cable 5, phase T
Cable 6, phase T

T2

Thg magnitude of the phase cénductor and sheath currents together with the sheath loss fa
are|given in Table A.8 below;*assuming a total phase current of 100 A.

Table A.8 —Sheath current and sheath loss factor calculation per phase

the

Ctor

Phase current Sheath current Sheath loss
factor
Cable 1, phase R 46,31 38,4 4,236
Cable 2, phase R 53,71 36,5 2,845
Cable 3, phase S 44,59 37,4 4,346
Cable 4, phase S 55,66 34,8 2,42
Cable 5, phase T 50,76 43,7 4,576
Cable 6, phase T 49,62 44,4 4,947

Comparison with Example 1 shows that the sheath losses for this cable arrangement are very
high. Because of this, arrangements where all the conductors of one phase are placed together

should be avoided.
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Annex B
(informative)

Example of the computation of the coefficient a
for hollow core conductors

Consider a hollow core conductor with internal and external diameters 4, = 17,5 mm and
d, = 33,8 mm, respectively. The following procedure can be used to calculate a.

Let
con

If a

The

The

a=dld,=17,5/33,8 = 0,518. The hollow conductor can be replaced by an equiva
ductor with the inner radius a and the outer radius equal to 1, as shown in Figure.B:3:

fraction of the total current enclosed within the radius r is denoted by /, then:

>

Figure B.1 — Representation of a hollow core conductor

magnetic flux is proportional to I,/z;and the linkage flux, F, is equal to:

1 1 2 = a2 ar _025-a”+4a*075-1Ina)

B ) S

0 0

_ 025-0518% +0518%(0,75 - In0,518)
(1 - 0,5182)2

= 0,1551

cogfficient a is then given by:

a=e0151_0 856

ent
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List of comments

1 To avoid the use of same symbol with different meanings or different symbols with the same
meaning across |IEC 60287 standard series, some symbols have been changed. One of the
main new criteria is the use of capital letter "C" for all coefficients.

2 The text here complements the text above and provides an explanation for the exclusion of
earth return path from the methodology described in the following.



https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b



https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b

IEC 60287-1-3:2023-05(en)

IEC 60287-1-3

INTERNATIONAL
STANDARD

Edition 2.0 2023-05

B,

P3rt 1-3: Current rating equations (100 % |
Cyrrent sharing between parallel single-.g\

circulating current losses \0
Z

Electric cables — Calculation of the current r§; -

actor) and calculation of losses —
e cables and calculation of



https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b

-2- IEC 60287-1-3:2023 © |EC 2023

CONTENTS

O T T 1 I PP 3
LN I 2 1 1 L O 1 PN 5
1 1T o 1= S 6
2 NOrMative referENCES .. o 6
3 Terms, definitions and SYMDbDOIS. ..o 6
3.1 Terms and definifioNS .. ..o 6
2 Symbots———— ...6
4 Description of method..... ... Y 7
4.1 GBNEIAl. .. 4
4.2 Outline of Method ..o (e ...8
4.3 Matrix SOIULION ... O .11
Annex A (informative) Example calculations.............o.ooo i LD 12
\. 1 L@ AT T W SO 12
\.2 EXampPle 1. D .12
A.2.1 GENEIAL .. s .12
A.2.2 Caleulations.......coooiiiiiii 13
\.3 EXaMPIE 2. e NV .18
\.4 Example 3. O .18
.5 EXAMPIE 4. oo TN .19

Annex B (informative) Example of the computation©f the coefficient a for hollow core
LoTo Y o (o 10 Te3 o (=30 .20
=71 [ o = Yo 4 V278 PP .21
Figure B.1 — Representation of a holloW,core conductor............cooviiiiiiiii .20
Tahle 1 — Values of & fOr CONAUELOTS ... ..uiiiiiii e .10
Tahle A.1 — Sheath loss factor calculation according to IEC 60287-1-1.........cccceeviiiiniinnnnn. .13
Tahle A.2 — Sheath curtent and sheath loss factor calculation per phase ............................ .15
Taljle A.3 — Calculated'values of dj | ..........coooiii .16
Tahle A.4 — Calculated values Of zz.......ooii e .16
Tahle A.5 — Array [Z] including coefficients for currents............cc.oooiiiiiiii i A7
Tahle A.6—=Sheath current and sheath loss factor calculation per phase ............................ .18
Tahle{A.7 — Sheath current and sheath loss factor calculation per phase ............................ .19
Tabte A/ = Sheath currentand sheath 1055 factor cafcutation per phase ... 19


https://iecnorm.com/api/?name=02b3fd1de19324e7f1496674ceb0803b

IEC 60287-1-3:2023 © |IEC 2023 -3-

1)

2)

3)

4)

5)

6)

7)

8)

9)

!
1

1

|
1

q

q
q

|
1

9

IEG

Int
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-3: Current rating equations (100 % load factor)
catcatati 4 -l ot et

single-core cables and calculation of circulating current losses

FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is topromote internati
o-operation on all questions concerning standardization in the electrical and electrohic fields. To this end
h addition to other activities, IEC publishes International Standards, Technical Specifieations, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as~“IEC Publication(s)”). T
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
hay participate in this preparatory work. International, governmental and non-governmental organizations liai
vith the IEC also participate in this preparation. IEC collaborates closely-with’ the International Organizatio
btandardization (ISO) in accordance with conditions determined by agreement between the two organizatior

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati

onsensus of opinion on the relevant subjects since each technical committee has representation fron
hterested IEC National Committees.

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

h order to promote international uniformity, IECNational Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in‘their national and regional publications. Any divergence betw
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the I3

EC itself does not provide any attestation~of conformity. Independent certification bodies provide confor
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for

gervices carried out by independent cetrtification bodies.

\Il users should ensure that theychave the latest edition of this publication.

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

\ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatior
hdispensablefor'the correct application of this publication.

\ttention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pd

fights. lE€sshall not be held responsible for identifying any or all such patent rights.

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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60287-1-3 has been prepared by IEC technical committee 20: Electric cables. It is

rmatiomat-Standard:

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

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

a) Change and update of list of symbols.
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The text of this International Standard is based on the following documents:

Draft Report on voting

20/2098/FDIS 20/2105/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the

above table.

The language used for the development of this International Standard is English.
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5 document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg
vww.iec.ch/members_experts/refdocs. The main document types developed by IEC
cribed in greater detail at www.iec.ch/publications.

st of all parts in the IEC 60287 series, published under the general title” Electric cablg
culation of the current rating, can be found on the IEC website.

committee has decided that the contents of this document wilkremain unchanged until
pility date indicated on the IEC website under webstore.igc.ch in the data related to
cific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.
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INTRODUCTION

When single-core cables are installed in parallel, it is possible that the load current will not
share equally between the parallel cables. The circulating currents in the sheaths of the parallel
cables will also differ. This is because a significant proportion of the impedance of large
conductors is due to self reactance and mutual reactance. Hence the spacing and relative
location of each cable will have an effect on the current sharing and the circulating currents.
The currents are also affected by phase rotation. The method described in this document can
be used to calculate the current sharing between conductors as well as the circulating current
losses.

Thgre is no simple rule by which the circulating current losses of parallel cables can
estimated. Calculation for each cable configuration should be applied. The prin¢iples

be

and

impedance formulae involved are straightforward but the difficulty arises in solving the ldrge

number of simultaneous equations generated. The number of equations to be solved gener|
prefludes the use of manual calculations and solution by computer is recommended. Fof

cables per phase having metallic sheaths in a three-phase system there are 6 - »n, equati

co

For|
havy
allo
can
out
can
pat
con
ext
low]

The
unl
sho
ext
fron
and

taining the same number of complex variables.

simplicity the equations set out in this document assume that\the parallel conductors
e the same cross-sectional area. If this is not the case, the equations should be adapte
w for different resistances for each conductor. The effect'of neutral and earth conduc
also be calculated by including these conductors in the“appropriate loops. The method
in this document does not take account of any portionof the sheath circulating currents

N has been excluded for the purposes of the methodology described in the following, as
cluded that it can affect the magnitude of the résulting circulating currents only by a s
ent on a limited number of cases, where bothwery low soil electrical resistivity values
earthing conductor resistance values are-simultaneously considered.

conductor currents and sheath circulating currents in parallel single-core cables
kely to be equal. Because of this,the external thermal resistance for buried parallel cah
uld be calculated using the method set out in IEC 60287-2-1:2023, 4.2.3.2. Because
ernal thermal resistance and ‘sheath temperatures are functions of the power dissipa
n each cable in the group an-iterative procedure to determine the circulating current los
the external thermal resistance should be adopted.

ally
ng
pns

all
H to
ors
set
hat

flow through the earth or other extraneous paths.4n this respect, the effect of earth refurn

tis
nall
and

are
les
the
on
ses
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 1-3: Current rating equations (100 % load factor)
and calculation of losses — Current sharing between parallel
single-core cables and calculation of circulating current losses

1 [Scope

Thig part of IEC 60287 provides a method for calculating the phase currents andcircula
curfent losses in single-core cables arranged in parallel.

ng

Thg method described in this document can be used for any number of.cables per phas¢ in
pargllel in any physical layout. The phase currents can be calculated/for any arrangemenit of
shaath bonding. For the calculation of sheath losses, it is assumed that’the sheaths are bonged

at Hoth ends. A method for calculating sheath eddy current losses intwo circuits in flat formation
is diiven in IEC 60287-1-2.

2 |Normative references

Thgre are no normative references in this document,

3 |Terms, definitions and symbols

3.1 Terms and definitions

No terms and definitions are listed_in-this document.

ISQ and IEC maintain terminology databases for use in standardization at the follow
addresses:

ng

o [IEC Electropedia: available at https://www.electropedia.org/

e [ISO Online brawsing platform: available at https://www.iso.org/obp
3.2| Symbols
de external diameter of the conductor, mm

mean diameter of sheath or screen, mm

f systemfrequencyHz

number of cables per phase

D,,, axial spacing between conductors, mm

[1] support vector used in the calculation of current in 4.3
current in the conductor of cable ng, A

circulating current in the sheath of cable n;, A

[O] support matrix used in the calculation of current in 4.3
R resistance of a conducting element, Q/m
AC resistance of conductor at maximum operating temperature, Q/m


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

S

Xik
[Z]
AV
A

j"}’l(}

Q

AC resistance of the cable sheath or screen at their maximum operating temperature,

Q/m
apparent mutual reactance of a pair of conductors

support matrix used in the calculation of current in 4.3
conductor voltage drop, V

coefficient depending on the construction of the conductor
sheath loss factor of cable n, due to circulating currents
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impedance between a loop and an adjac¢ent conductor. Consideration of these equations le
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shedaths in a three-phase parallel~\¢cable system. The impedance voltages for all conductor
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It should be notfed that all the currents are complex quantities containing both real and imagin
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S
E Subscripts m, n, i and k are used in the following only to denote rows and columns of matrices and.therg

entify specific matrix elements. They do not correspond to the respective symbols used in other(parts o
60287 series for identifying physical quantities.

Description of method

General

method calculates the proportion of the phase current carried.by each parallel condu
the circulating current in the sheath of each cable. The loss factor (1°) for each case is t
ulated as the ratio of the losses in a sheath caused by cir€ulating currents to the losse
conductor of that cable.

method of calculation set out in 4.2 and 4.3 ©Only considers voltage drop along
ductors. Any unbalance in the load which would) lead to unbalanced phase current
bred.

equations to be solved for the unknown cusrents in the parallel conductors and their sheg

built up from a consideration of the basic formulae for the impedance associated with a |

sisting of two long conductors lying.parallel to each other and the formulae for the mu
system of simultaneous equations for the impedance voltage for all the conductors

bllel in the same phase are~equal. Also for the conductors representing the bonded sheg
voltages are equal. Hence the impedance voltages can be eliminated from the equatid

b for the sheaths. <This provides the additional information required for the solution of
ultaneous equations.

S.

mutual impedance between conductors is a function of their relative positions. Hencg{
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sum of the currents in the parallel conductors is equal to either the known phase currenit or

the

ary

p, if

the

relative positions of the cables vary along the route, or the sheaths are cross-bonded, t

hen

the impedance for each section shall be calculated individually and the vector results summed
in order to obtain the total impedance of each loop. If the route length is very short, then
significant errors can occur in the calculated result due to the change in the relative positions
of the cables as they approach the terminations.

The equations set out in this document can also be used to calculate the current sharing
between cables without a metallic sheath or armour and between cables with the sheaths
connected together at one end only, single-point bonded. For such calculations, the circulating
current in each sheath is zero. Where cable sheaths are bonded at one end only, the standing
voltage at the open circuit end of the sheath can also be determined using this method of
calculation.
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For the method set out in this document, it is recommended that the solution of the equations
is achieved by a process of matrix algebra. This has the advantage that the solution achieved

isu

4.2

nique and not a function of an iterative process.

Outline of method

The loss factor for the sheath in a given cable in a parallel circuit is given by:

2
i —(IS”CW Rs

The
are

ma
con

For|

I[C k I”C J RC

currents I, and 7, are obtained by solution of equations of the following form where th
ns conductors in parallel and a total of 6 - n, conductors in a three-phase system. To simy

ters, both the phase conductors and the sheaths are referred to as conductors. The ph
ductor currents are /4, I,, etc. The sheath currents are I3, .1, I3,.+2; 13);.+3, €tC.

convenience in the calculations, the following notation is used

Calple references

The

Re

For|

Retrence of a phase conductor

Circuit 1 e . Hg
Phase R 1 e . Hg
Phase S n,+ 1 e R F .. 2n
Phase T 2n,+ 1 caN2ng + ... 3ng

conductors can then be identified as.follows:

reference of the cable

rence of a sheath conductor reference of the cable + 3n,

each phase the currentis:given by:

ng

IR [1+j0] = Z[k
k=1

2ng
Is[-05-0,866]= > I

k=ng+1

(1)

ere
lify
hse

(2)

3ng
[T[—O,5+j0,866]= Z [k
k=2n;+1

The above Equations (2) assume forward phase rotation. If the phase rotation is not known, the
calculation shall be carried out for both forward and reverse phase rotations.
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For conductor loops representing the sheaths, the current is given by:

6n¢
0+,0= > I (3)
k=3ng +1
The voltage drop in each conductor is then
— [for the conductors of phase R:
6n¢
AVR = Z Ziyk X[k (4)
k=1
fori=1to ng;
— [for the conductors of phase S:
6n¢
AVS = Z Zi,k X[k (5)
k=1
fori=n.,+1to2ng;
— [for the conductors of phase T:
6n¢
Dy =) Ziy < Iy (6)
k=1
fori=2n,+1to3ng;
— [for the sheath conductors:
61
AVp =D Ziy x I (7)
k=1

fori=3n,+ 1to 6 n.

Eliminating the voltage drop from this set of equations leads to (6 »n, — 4) equations having the
following form:

6n¢

O+j0= ZZZi,k X[k (8)
k=1

where ZZjk = Zi,k - Zi+1,k = Ri,k + in,k
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and R is defined as follows:
R=0ifi=k R=0ifi=k-1
For the phase conductors (refer to array [Z] in Example 1)

R=R ifi=kandis 3n, R=—-R ifi=k-1andis 3n,

Forrthrestreathrconductors(refertoarray {ZHm Exampte 1)
R=Rgifi=kandi>3n, R=—-Rgifi=k—-1andi> 3ng
X; k|is regarded as a reactance and is defined as follows:

d.
Xiy = 201077 |n(#1k"‘] (9)
I

where
if i ¢ k, then d; = D, , = axial spacing between cablés m and n,

with m =i ifi< 3ng m=i-3n; if ' 3n,
and n=k ifk < 3n, n=k-3niik>3ng
, . dg
If i=k andis3n; then.\ @ik :aT
. . dg
If i=k andi>3n then dix =5

For|appropriate values of ¢oefficient « see Table 1.

Table 1 — Values of a for conductors

Number of wires Value of a
1 (solid) 0,779
3 0,678
7 0,726
19 {117#'\52
37 0,768
61 0,772
91 0,774
127 0,776

The values given in Table 1 are applicable to non-compacted conductors. For compacted
conductors a = 0,779 should be used. The values for hollow conductors are dependent on the
inner and outer diameters of the conductor. An example of the calculation of a for hollow
conductors is given in Annex B.
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4.3 Matrix solution

In general the equations developed will be of the form:

0=f(zx1)

where the values for Q are given by the left-hand side of Equations (2), (3) and (8). The value
for Z are the coefficients of I in these equations, and the values for I are the unknown currents
in the conductors and sheaths.

In matrix form the equations become:

[o]=[2]x[1]
where [Z] is a square matrix of the coefficients of 7, to I, in Equations (2), (3)and (8).

In grder to solve the unknown currents [/] the equation is written as:

[1]= 21" < [o]

where [Z]~1 is the inverse matrix of [Z].

Exgmple calculations using the matrix solution afe given in Annex A.
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Annex A
(informative)

Example calculations

A.1 Overview

The cable dimensions used in these examples are arbitrary and do not represent any particular
type of cable.

It ig assumed that the relative positions of the cables do not change over the length ofithe fun.
It islalso assumed that the bonding conductors have an impedance which is negligible‘compared
with the impedance of the conductors. The skin and proximity effects on AC resistance [are
ignpred. The various impedance values calculated in these examples are foryY 000 m lpng
cables.

Thgse examples assume a supply frequency of 50 Hz.

Thg cable and installation parameters are as follows:

Copper conductor diameter: 32,8 mm
Copductor resistance at 20 °C: 28,3 - 1055 Q/m
Maximum operating temperature: 70.°€

Copductor resistance at 70 °C: 33,86 - 1076 Q/m
Number of wires in conductor: 127

Copductor coefficient for 127 strands: 0,776

Alyminium sheath resistance at 20 °C: 0,18 - 1073 Q/m
Mefan diameter of sheath: 48 mm

Sheath temperature: 60 °C

Sheath resistance at 60 °C: 0,209 - 1073 Q/m

A.2 Example 1

A.2l1 General

Thg cables~are laid in flat formation at 200 mm between centres with two cables per phase and
no peufrals. The cable arrangement is as follows:

Cable 1 Cable 3 Cable 5 Cable 6 Cable 4 Cable 2
R1 S1 T1 T2 S2 R2

For convenience in the calculation, the conductors and sheath of each cable are numbered so
that the conductors are numbered 1 to 6 and the sheaths 7 to 12. The first cable will have
conductor 1 and sheath 7. The second cable being 2, 8, etc. This gives a total of 12 conductors
in this example.
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For a single circuit installed in flat formation at 200 mm centres, with one cable per phase, the
sheath loss factors calculated in accordance with IEC 60287-1-1 are:

Table A.1 — Sheath loss factor calculation according to IEC 60287-1-1

Outer Middle Outer
1,99 1,50 2,62

These values are similar to the values obtained in Examples 1 and 2. but significantly different
from those obtained in Example 4.

A.2.2 Calculations

Theg zero co-ordinates (0,0) can be fixed at any point, but it is convenient to take the axis of|the
lower left-hand cable as (0,0). The cable co-ordinates are entered into the array S below:

X y
0 0 Cable 1, phase R
1000 0 Cable 2, phase R
S = 200 0 Cable 3, phase $
800 0 Cable 4, phase S
400 0 Cable 5, phase T
600 0 Cable 6, phase T

Thg axial cable spacings are calculated using, the following equation:

m =40 6 n=1to6

Dm,n = \/(Sm,1 - Sn,1 )2 + (Sm,2 - Sn,2 )2

Thg spacings are given\in the array D below:

0 1000 200 800 400 600
1000 0 800 200 600 400
D= 200 800 0 600 200 400
800 200 600 0 400 200
400 600 200 400 0 200
600 400 400 200 200 0

Clearly this array is symmetrical about its diagonal and it is not necessary to calculate the
spacing between cables m and n as well as between cables n and m.

This array is then modified to include all the values of d; , required to calculate X; ,. The modified
array is given in Table A.1.

The effective reactances X;  are calculated using Equation (9):
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d:
Xiy = 201077 In{ﬂ)
dik

The coefficients, zz, for the right-hand side of Equation (8) are calculated as follows and are
given in the array zz, as shown in Table A.4.

zzijg = Rix + jXik

where

R =[0 if 1 =Kk R=0 ifi#k=1
=R, ifi=kandis 3n, R =-R, ifi=k—-1andis3n,
=|R ifi =kandi>3n, = —Rq ifi=k—1andi>3n,

Theg coefficients for the current, 7, for the right-hand side of Equations (2) and (3) are showh in
arrgy H below;

1 1 0 0 0 0 0 0 0 0 0 0 Phase R
H H 0 0 1 1 0 0 0 0 0 0 0 0 Phase S

0 0 0 0 1 1 0 0 0 0 0 0 Phase T

0 0 0 0 0 0 1 1 1 1 1 1 Sheath

For] convenience of calculation these coefficients™are included in the same matrix as thpse
obtgined from consideration of the conductor lpops. The new array [Z] is given in Table A.5],

Thg values and coefficients for the left-hand.side of Equations (2) and (3) are given in array|[Q]
belpw:

0
1
0

-0,5 - 0,866]
0

-0,5 + 0,866/

[0l =

0
0
0
0

D

The phase and sheath currents in each conductor can then be calculated by solving the
simultaneous equations set out in array [Z], Table A.3, and [Q] above. These currents are given
below in terms of the resistive and reactive components. Multiplying the inverse of matrix [Z] by
[O] solves the equations.
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