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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

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

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
htional electrotechnical committees (IEC National Committees). The object of IEC is,to promote intefnational
pberation on all questions concerning standardization in the electrical and electronic, fields. To this end and
dition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
cly Available Specifications (PAS) and Guides (hereafter referred to as \'VfEC Publication(s)|). Their
Aration is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
participate in this preparatory work. International, governmental and noné{governmental organizationg liaising
the IEC also participate in this preparation. IEC collaborates closely with the International Organizption for
Hardization (ISO) in accordance with conditions determined by agreement between the two organizgtions.

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an intefnational

consensus of opinion on the relevant subjects since each technical committee has representation [from all

inter
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5) IEC

bsted IEC National Committees.

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

der to promote international uniformity, IEC\ National Committees undertake to apply IEC Pubjications
parently to the maximum extent possible in/their national and regional publications. Any divergence petween
EC Publication and the corresponding natienal or regional publication shall be clearly indicated in the latter.

tself does not provide any attestation)of conformity. Independent certification bodies provide cgnformity
sment services and, in some areas; access to IEC marks of conformity. IEC is not responsiblel for any

bility shall attach to IEE or its directors, employees, servants or agents including individual expgrts and
bers of its technical committees and IEC National Committees for any personal injury, property damage or
damage of any jnature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
nses arising out ‘of’ the publication, use of, or reliance upon, this IEC Publication or any other IEC

tion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is

tion is drawn to the possibility that some of the elements of this IEC Publication may be the subject ¢f patent

IEC 60
International Standard.

287-1-3 has been prepared by IEC technical committee 20: Electric cables. It is an

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.

This dpcument was drafted in accordance with ISO/IEC Directives, Part 2, and develdped in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement) available
at wwyv.iec.ch/members_experts/refdocs. The main document types developedy,by IEC are
descriljed in greater detail at www.iec.ch/publications.

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

The cdmmittee has decided that the contents of this document will remain unchanged uptil the
stability date indicated on the IEC website under webstore.iet/ch in the data related|to the
specific document. At this date, the document will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amgnded.
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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.

There f[s—o—sim E tet e—eirettating—e F ofpatratte
estimated. Calcu be applied. Th

numbey of simultaneous equations generated. The number of equations to be solved generally
precluges the use of manual calculations and solution by computer is recommended. [For n,

cables|per phase having metallic sheaths in a three-phase system there are 6 - n, equyations
containging the same number of complex variables.

For simplicity the equations set out in this document assume that the parallel conductors all
have the same cross-sectional area. If this is not the case, the €quations should be adapted to
allow fpr different resistances for each conductor. The effect.of neutral and earth conductors
can algo be calculated by including these conductors in the appropriate loops. The method set
out in this document does not take account of any portion-0f the sheath circulating currents that
can flow through the earth or other extraneous paths.{In\this respect, the effect of earth return
path has been excluded for the purposes of the methedology described in the following,|as it is
conclufled that it can affect the magnitude of the ‘fesulting circulating currents only by a small
extent [on a limited number of cases, where both,very low soil electrical resistivity valups and
low eafthing conductor resistance values are*simultaneously considered.

The conductor currents and sheath circulating currents in parallel single-core cables are
unlikely to be equal. Because of this, the external thermal resistance for buried parallel|cables
should| be calculated using the method set out in IEC 60287-2-1:2023, 4.2.3.2. Becadse the
externgl thermal resistance and.sheath temperatures are functions of the power dissfipation
from each cable in the group anviterative procedure to determine the circulating current|losses
and the¢ external thermal resistance should be adopted.
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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 Sg

This p
curren
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parallel in any physical layout. The phase currents can be calculated for’any arrangen

sheath
at both
is give

2 Nd

There

3 Te

3.1

No terms and definitions are listed in‘this document.

ISO an
addres

e |EC
e |IS(Q

ope

losses in single-core cables arranged in parallel.

bthod described in this document can be used for any number of cables per ph
bonding. For the calculation of sheath losses, it is assumed that.the sheaths are |

nin IEC 60287-1-2.

yrmative references

bre no normative references in this document:

rms, definitions and symbols

FTerms and definitions

d IEC maintain terminology databases for use in standardization at the fo
ses:

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

Online browsing platform: available at https://www.iso.org/obp

Symbols
extérnal diameter of the conductor, mm

mean diameter of sheath or screen_mm
y

system frequency, Hz
number of cables per phase

axial spacing between conductors, mm

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
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

brt of IEC 60287 provides a method for calculating the phase currents and-circulating

ase in

hent of

onded

ends. A method for calculating sheath eddy current losses in two circuits in flat formation

lowing
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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

angular frequency of system (2xf), s~

NOTE
to identi
IEC 602

4 Dg

4.1

The m

Subscripts m, n, i and k are used in the following only to denote rows and columns of matrices and therefore
fy specific matrix elements. They do not correspond to the respective symbols used in other-parfs of the
B7 series for identifying physical quantities.

scription of method

General

bthod calculates the proportion of the phase current carried by each parallel conductor

and the¢ circulating current in the sheath of each cable. The loss_ factor (1°) for each caselis then

calculg

the conductor of that cable.

ted as the ratio of the losses in a sheath caused by circuldting currents to the logses in

The mlethod of calculation set out in 4.2 and 4.3 ©nly considers voltage drop alohg the

condugtors. Any unbalance in the load which would ‘lead to unbalanced phase currgnts is
ignored.
The equations to be solved for the unknown currents in the parallel conductors and their sheaths

are bui
consis
imped4
to a sy
sheath
paralle

It up from a consideration of the basic-formulae for the impedance associated with{a loop
ing of two long conductors lying.parallel to each other and the formulae for the mutual
nce between a loop and an adjacent conductor. Consideration of these equations leads
stem of simultaneous equations for the impedance voltage for all the conductdrs and
S in a three-phase parallel\¢able system. The impedance voltages for all condugtors in
| 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 equptions.

The su
zero fd
simultd

m of the currents.inithe parallel conductors is equal to either the known phase cufrent or
r the sheaths. This provides the additional information required for the solution| of the
neous equations.

It should be notedthat all the currents are complex quantities containing both real and imaginary

parts.

The m

tual-impedance—-between—conductors—is—a—function—of-theirrelative—positions—Hence, if
e+ HRpeaah B-8-HW s HEHGO4 S—a—HHeHeR—o+H—HheH—e+aHY P HHORS—— ,

the relative positions of the cables vary along the route, or the sheaths are cross-bonded, then
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
is unique and not a function of an iterative process.

4.2 Outline of method

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

The cufrents /g, and [, are obtained by solution of equations of the following form wherg there
are n; gonductors in parallel and a total of 6 - n, conductors in a three-phase system. To gimplify

matters, both the phase conductors and the sheaths are referred to as conductors. The|phase
condugtor currents are 14, I,, etc. The sheath currents are I3, .4, I3,,.+2, 1%;.+3, €tC.

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

Cable feferences

Circuit 1 e . Hg
Phase R 1 e . Hg
Phase S n,+ 1 N AN .. 2ng
Phase T 2n,+ 1 ., 2ng + i ... 3ng

The conductors can then be identified as.follows:

reference of the cable

RefereEce of a phase conductor

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

For eagh phase the current is.given by:

ng

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

2ng

IS[—0,5—j0,866]: Z I (2)

R=ric +1

3ng
[T[—O,5+j0,866]= Z Ik
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
k=3nc+1
The voltage drop in each conductor is then
— for the conductors of phase R:
6n¢
AVR = Z Ziyk X[k
k=1
forli = 1 to ng;
— forthe conductors of phase S:
6n¢
AVS = Z Zi,k X[k
k=1
forli=ng, + 11to 2 ng;
— forfthe conductors of phase T:
6n¢
AVT = ZZi,k X[k
k=1
fori=2n.+ 1to 3 ng
— forfthe sheath conductors:
61
AVA = Z Zi,k X]k
k=1

fori=3n,+ 1106 n.

(3)

(4)

(5)

(6)

(7)

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
k=1

where ZZjk = Zi,k - Zi+1,k = Ri,k + in,k

(8)
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and R is defined as follows:
R=0ifi=k R=0if i k-1
For the phase conductors (refer to array [Z] in Example 1)
R=R;ifi=kandis 3ng R=—-R.ifi=k—-1andi<3n,

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

R=Rgifi=kandi> 3n, R=-Rgifi=k-1andi>3n,

X k is tegarded 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 cables m and n,

with m =i ifi< 3ng m=i-3n; ifi>3n,
and n=k ifk < 3n, n=k-3ng{Nfk > 3n,
, . dg
If i=k andis3n; then \<d; « :aT
: . dg
If i=k andi>3n then dix =5

For appropriate values of coefficient a« see Table 1.

Table 1 — Values of a for conductors

Number of wires Value of a
1 (solid) 0,779
3 0,678
Z n’7')p.
19 0,758
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 mat befaorm-thao cauatinne hananaa-
AN ASANE R BRI RASIRSA A-AC R A4 R AN SASASAS A N AT

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

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

[1]= 21" < [o]

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

Examplle calculations using the matrix solution aré\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 is assumed that the relative positions of the cables do not change over the length of,the run.
Itis aldo assumed that the bonding conductors have an impedance which is negligible compared
with thie impedance of the conductors. The skin and proximity effects on AC resistance are
ignored. The various impedance values calculated in these examples are for,1 000  long
cables

These [examples assume a supply frequency of 50 Hz.

The caple and installation parameters are as follows:

Coppdr conductor diameter: 32,8 mm
Conddctor resistance at 20 °C: 28,3 - 19°% Q/m
Maximum operating temperature: 70 °C

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

Condyctor coefficient for 127 strands: 0,776

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

Sheath temperature: 60 °C

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

A.2 [Example 1

A.2.1 General

The caples are laid in flat formation at 200 mm between centres with two cables per phalse and
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:

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

The zefro co-ordinates (0,0) can be fixed at any point, but it is convenient to take-ihe axig of the
lower Ieft-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\S
800 0 Cable 4,,phase S
400 0 Cable/5) phase T
600 0 Cable 6, phase T

The axial cable spacings are calculated using:the following equation:

m = 1~to 6 n=1to6

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

The splacings 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:
mk=2m07n{Jﬂ£]
dik

The coefficients, zz, for the right-hand side of Equation (8) are calculated as follows and are

given i

where
R=0
R =R,
R =Ry

The cdefficients for the current, 7, for the right-hand side of Equations (2).and (3) are sh
array K below;

n the array zz, as shown in Table A.4.

zzijg = Rix + jXik

L l 4

||""'“ " = U if;+n T
ifi=kandis 3n, R =-R, ifi=k—-1andis3n,
if i =kandi>3n, =R, ifi=k—1andi> 3n,

own in

1 1 0 0 0 0 0 0 0 0 0 0 Phase|R
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 coefficientssare included in the same matrix ag those
obtaingd from consideration of the conductor logps. The new array [Z] is given in Table A.5.
The values and coefficients for the left-hanpdiside of Equations (2) and (3) are given in array [Q]
below:
0
1
0
-0,5 - 0,866/
0
-0,5 + 0,866/
[0l = 0
0
0
B
0
0

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 2/
-0,216 — 0,189 2/
~0,130 9 + 0,216 4/

The magnitude of the phase conductor and sheath currents together withCthe sheath loss

are giv

Phase

Loss fa

-0,1309 + 0,216 4/
0,346 9 — 0,027 2
0,346 9 — 0,027 25

en below, assuming a total phase current of 100 A.
conductor current = |/, 1-100; Sheath current = ‘IS,,C -100;
2
(‘Isnc .100) Ry
ctor = > .
(znc -100) ‘R,

Table A.2 — Sheath current and sheath 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,qphase T 50 34,8 2,99
Cable By phase T 50 34,8 2,99

factor
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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 | Sheativ current | Sheath 16535

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 pxample the same cable data has been used;\but the six cables are now arranged in two
trefoil groups with 200 mm between centres of the 'groups. The arrangement is shown bglow:

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.


https://iecnorm.com/api/?name=623c1b099300f5f7cee502f62f5dc2ea

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope 
	2 Normative references
	3 Terms, definitions and symbols
	3.1 Terms and definitions
	3.2 Symbols

	4 Description of method
	4.1 General
	4.2 Outline of method
	4.3 Matrix solution

	Annex A (informative) Example calculations
	A.1 Overview
	A.2 Example 1
	A.2.1 General
	A.2.2 Calculations

	A.3 Example 2
	A.4 Example 3
	A.5 Example 4

	Annex B (informative) Example of the computation of the coefficient α for hollow core conductors
	Bibliography
	Figure B.1 – Representation of a hollow core conductor
	Table 1 – Values of α for conductors
	Table A.1 – Sheath loss factor calculation according to IEC 60287-1-1
	Table A.2 – Sheath current and sheath loss factor calculation per phase
	Table A.3 – Calculated values of di,k
	Table A.4 – Calculated values of zz
	Table A.5 – Array [Z] including coefficients for currents
	Table A.6 – Sheath current and sheath loss factor calculation per phase
	Table A.7 – Sheath current and sheath loss factor calculation per phase
	Table A.8 – Sheath current and sheath loss factor calculation per phase

