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National foreword

This Part of BS 7726 has been prepared under the direction of the Power
Electrical Engineering Standards Policy Committee. It is identical with

TEC 865-1:1993 Short-circuit currents — Calculation of effects —

Part 1: Definitions and calculation methods published by the International
Electrotechnical Commission (IEC).

In 1993 the European Committee for Electrotechnical Standardization
(CENELEC) accepted IEC 865-1 as European Standard EN 60865-1:1993. As a
consequence of implementing the European Standard this British Standard is
renumbered as BS EN 60865-1 and any reference to BS 7726-1 should be read as
a reference to BS EN 60865-1.

Cross-references

International Standard Corresponding British Standard

TEC 909:1988 BS 7639:1993 Short-circuit current calculation in
three-phase a.c. systems
(Technically equivalent)

TEC 949:1988 BS 7454:1991 Method for calculation of thermally
permissible short-circuit currents, taking into account

non-adiabatic heating effects
(Identical)

The Technical Committee has reviewed the provisions of IEC 986:1989, to which
normative reference is made in the text, and has decided that they are acceptable
for use in conjunction with this standard.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to iv,
the EN title page, pages 2 to 48, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. DOC uments
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Foreword

The text of document 73(CO)16, as prepared by
IEC Technical Committee No. 73, Short-circuit
currents, was submitted to the IEC-CENELEC
parallel vote in October 1992.

The reference document was approved by
CENELEC as EN 60865-1 on 22 September 1993.

The following dates were fixed:

— latest date of publication of
an identical national
standard (dop) 1994-09-01

— latest date of withdrawal
of conflicting national
standards (dow) 1994-09-01

Annexes designated “normative” are part of the
body of the standard. Annexes designated
“Informative” are given only for information. In this
standard, Annex A and Annex ZA are normative
and Annex B is informative.
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Section 1. General

1.1 Scope and object

This International Standard is applicable to the mechanical and thermal effects of short-circuit currents.
It contains standardized procedures for the calculation of the effects of the short-circuit currents in two
sections as follows:

— Section 2 — The electromagnetic effect on rigid conductors and flexible conductors.

— Section 3 — The thermal effect on bare conductors and electrical equipment.
For cables and insulated conductors reference is made, for example, to IEC 949 and TEC 986.
Only a.c. systems for rated voltages up to and including 420 kV are dealt with in this standard.
The following points should particularly be noted:

1) The calculation of short-circuit currents should be based on TEC 909.

2) Short-circuit duration used in this standard depends on the protection concept and should be
considered in that sense.

3) These standardized procedures are adjusted to practical requirements and contain simplifications
with safety margins. Testing or more detailed methods of calculation or both may be used.

4) In section 2 of this standard, for arrangements with rigid conductors, only the stresses caused by
short-circuit currents are calculated. Furthermore, other stresses can exist, e.g. caused by dead-load,
wind, ice, operating forces, earthquake. The combination of these loads with the short-circuit loading
should be part of an agreement and/or be given by standards, e.g. erection-codes.

The tensile forces in arrangements with flexible conductors include the effects of dead-load. With
respect to the combination of other loads the considerations given above are valid.

1.2 Normative references

The following normative documents contain provisions which, through reference in this text constitute
provisions of this International Standard. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this International
Standard are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below. Members of IEC and ISO maintain registers of currently valid International
Standards.

TEC 909:1988, Short-circuit current calculation in three-phase a.c. systems.

IEC 949:1988, Calculation of thermally permissible short-circuit currents, taking into account
non-adiabatic heating effects.

TEC 986:1989, Guide to the short-circuit temperature limits of electric cables with a rated voltage
from 1,8/3 (3,6) KV to 18/30 (36) kV.

1.3 Equations, symbols and units

All equations used in this standard are quantity equations in which quantity symbols represent physical
quantities possessing both numerical values and dimensions.
The symbols used in this standard and the SI-units concerned are given in the following lists.

1.3.1 Symbols for section 2 — Electromagnetic effects

A Cross-section of one sub-conductor m?
a Centre-line distance between conductors m
Ay Effective distance between neighbouring main conductors m
Cmin Minimum air clearance m
aq Effective distance between sub-conductors m
a1n Centre-line distance between sub-conductor 1 and sub-conductor n m
a1s Centre-line distance between sub-conductors m
fo . Effective centre-line distance between the sub-conductors in the bundle m
b Dimension of a sub-conductor perpendicular to the direction of the force m
b, Equivalent static conductor sag at midspan m
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by Maximum horizontal displacement m
bm Dimension of a main conductor perpendicular to the direction of the force m
c Factor for the influence of connecting pieces 1
Cth Material constant m?/(A2s)
Cp Dilatation factor 1
Cp Form factor 1
D Outer diameter of a tubular conductor m
d Dimension of a sub-conductor in the direction of the force m
dny Dimension of a main conductor in the direction of the force m
dg Diameter of a flexible conductor m
E Young’s modulus N/m?
E, Actual Young’s modulus N/m?
F Force acting between two parallel long conductors during a short circuit N
Fy Force on support of rigid conductors (peak value) N
Fe Drop force N
F, Force between main conductors during a short circuit N
F.o Force between main conductors during a line-to-line short circuit N
F3 Force on the central main conductor during a balanced three-phase short circuit N
I Force between sub-conductors during a short circuit N
Fy Static tensile force in flexible main conductor N
F, Short-circuit tensile force N
F Pinch force N
F Characteristic electromagnetic force per unit length on flexible main conductors N/m
F, Short-circuit current force between the sub-conductors in a bundle N
f System frequency Hz
fe Relevant natural frequency of a main conductor Hz
fes Relevant natural frequency of a sub-conductor Hz
m Factor characterising the contraction of the bundle 1
gn Conventional value of acceleration of gravity m/s?
Iq Three-phase initial symmetrical short-circuit current (r.m.s.) A
I, Line-to-line initial symmetrical short-circuit current (r.m.s.) A
I, Line-to-earth initial short-circuit current (r.m.s.) A
Ip Peak short-circuit current A
Ip2 Peak short-circuit current in case of a line-to-line short circuit A
ip3 Peak short-circuit current in case of a balanced three-phase short circuit A
i1, 19 Instantaneous values of the currents in the conductors A
J Second moment of main conductor area m?
Jy Second moment of sub-conductor area m*
J Parameter determining the bundle configuration during short-circuit current flow 1
k Number of sets of spacers or stiffening elements 1
Rin Factor for the effective distance between sub-conductor 1 and sub-conductor n 1
kg Factor for effective conductor distance 1
l Centre-line distance between supports m
le Cord length of a flexible main conductor in the span m
A Length of one insulator chain m
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Iy Centre-line distance between connecting pieces or between one connecting piece m
and the adjacent support
m’ Mass per unit length of main conductor kg/m
mi Mass per unit length of one sub-conductor kg/m
m, Total mass of one set of connecting pieces kg
N Stiffness norm of an installation with flexible conductors 1/N
n Number of sub-conductors of a main conductor 1
q Factor of plasticity 1
Ry Stress corresponding to the yield point N/m?
r The ratio of electromechanical force on a conductor under short-circuit conditions 1
to gravity
S Resultant spring constant of both supports of one span N/m
s Wall thickness of tubes m
T Period of conductor oscillation s
Ty Duration of short-circuit current s
Ty1 Duration of the first short-circuit current flow S
Ty Time from short-circuit initiation until reaching F,; S
Tres Resulting period of the conductor oscillation during the short-circuit current flow
Vi Ratio of dynamic and static force on supports
V. Ratio of stress for a main conductor with and without three-phase automatic
reclosing
Vis Ratio of stress for a sub-conductor with and without three-phase automatic 1
reclosing
Vs Ratio of dynamic and static main conductor stress 1
Vs Ratio of dynamic and static sub-conductor stress 1
Ya Centre-line distance between non-clashing sub-conductors during short-circuit m
current flow
Z Section modulus of main conductor m?
Zy Section modulus of sub-conductor m?>
o Factor for force on support 1
B Factor for main conductor stress 1
Y Factor for relevant natural frequency estimation 1
0 Angular direction of the force degrees
Oy Swing-out angle at the end of the short-circuit current flow degrees
O Maximum swing-out angle degrees
Eela Elastic expansion 1
Eth Thermal expansion 1
Ests Epi Strain factor of the bundle contraction 1
C Stress factor of the flexible main conductor 1
n Factor for calculating F,; in the case of non-clashing sub-conductors 1
K Factor for the calculation of the peak short-circuit current 1
Ho Magnetic constant, permeability of vacuum H/m
Uy, Ug, U, Uy, U Factors for calculating F; 1
g Factor for calculating F},; in the case of clashing sub-conductors
Om Bending stress caused by the forces between main conductors N/m?
(o8 Bending, stress caused by the forces between sub-conductors N/m?
Otot Resulting conductor stress N/m?
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Ofin Lowest value of 0 when Young’s modulus becomes constant N/m?
X Quantity for the maximum swing-out angle 1
o, ¥ Factors for the tensile force in a flexible conductor 1

1.3.2 Symbols for section 3 — Thermal effects

A Main conductor cross-section m?
I Steady-state short-circuit current (r.m.s.) A
Iy Initial symmetrical short-circuit current (r.m.s.) A
Ly, Thermal equivalent short-time current (r.m.s.) A
Lini Individual thermal equivalent short-time current at repeated short-circuits (r.m.s.) A
Liny Rated short-time withstand current (r.m.s.) A
K Factor for calculating Sy, As®5/m?
m Factor for the heat effect of the d.c. component 1
n Factor for the heat effect of the a.c. component 1
Sin Thermal equivalent short-time current density (r.m.s.) A/m?
Sihr Rated short-time withstand current density (r.m.s) for 1 s A/m?
Ty Duration of short-circuit current s
Ty Duration of individual short-circuit current flow at repeated short circuits S
Tir Rated short-time S
0y Conductor temperature at the beginning of a short circuit °C
0, Conductor temperature at the end of a short circuit °C

1.4 Definitions

For the purpose of this standard the following definitions apply. Reference is made to IEV (IEC 50) when
applicable.

1.4.1 Definitions for section 2 — Electromagnetic effects

1.4.1.1
main conductor

a conductor or an arrangement composed of a number of conductors which carries the total current in one
phase

1.4.1.2 sub-conductor

a single conductor which carries a certain part of the total current in one phase and is a part of the main
conductor

1.4.1.3
fixed support

a support of a rigid conductor which does not permit the conductor to move angularly at the point of the
support

1.4.14
simple support

a support of a rigid conductor which permits angular movement at the point of support
1.4.1.5 Connecting piece

Any additional mass within a span which does not belong to the uniform conductor material. This includes
among others: Spacers, stiffening elements, bar overlappings, branchings, etc.

1.4.1.5.1
spacer

a mechanical element between sub-conductors, rigid or flexible, which, at the point of installation,
maintains the clearance between sub-conductors
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1.4.1.5.2
stiffening element

a special spacer intended to reduce the mechanical stress of rigid conductors

1.4.1.6
short-circuit tensile force, F;
maximum tensile force in a flexible main conductor due to swing out reached during the short circuit

NOTE Peak forces can occur in the conductor anchors and connector bolts, which can be greater than the short-circuit tensile forces.
See clause 2.4.

1.4.1.7
drop force, F¢
maximum tensile force in a flexible main conductor which occurs when the span drops down after swing out

1.4.1.8

pinch force, F);

maximum tensile force in a bundled flexible conductor due to the attraction of the sub-conductors in the
bundle

1.4.1.9
duration of the first short-circuit current flow, T

the time interval between the initiation of the short circuit and the first breaking of the current

1.4.2 Definitions for section 3 — Thermal effects

1.4.2.1

thermal equivalent short-time current, I;;,

the r.m.s. value of current having the same thermal effect and the same duration as the actual short-circuit
current, which may contain d.c. component and may subside in time

NOTE If repeated short circuits occur (resulting from repeated reclosures) a resulting thermal equivalent short-time current is
evaluated (see 3.2.2).

1.4.2.2

rated short-time withstand current, I},

the r.m.s. value of current that the electrical equipment can carry during a rated short time under
prescribed conditions of use and behaviour

NOTE 1 It is possible to state several pairs of values of rated short-time withstand current and rated short time; for thermal
effect 1 s is used in most IEC specifications.

NOTE 2 The rated short-time withstand current as well as the corresponding rated short time are stated by the manufacturer of
the equipment.

1.4.2.3
thermal equivalent short-time current density, S;j,

the ratio of the thermal equivalent short-time current and the cross-section area of the conductor

1.4.2.4
rated short-time withstand current density, S;,,, for conductors

the r.m.s. value of the current density which a conductor is able to withstand for the rated short time
NOTE The rated short-time withstand current density is determined according to 3.2.

1.4.2.5
duration of short-circuit current, T}

the sum of the time durations of the short-circuit current flow from the initiation of the first short circuit
to the final breaking of the current in all phases

1.4.2.6
rated short time, T},

the time duration for which:
— an electrical equipment can withstand a current equal to its rated short-time withstand current;
— a conductor can withstand a current density equal to its rated short-time withstand current density.
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Section 2. The electromagnetic effect on rigid
conductors and flexible conductors

2.1 General

With the calculation methods presented in this section, stresses in rigid conductors, tensile forces in
flexible conductors, forces on insulators and substructures, which might expose them to bending, tension
and/or compression, and span displacements of flexible conductors can be estimated.

Electromagnetic forces are induced in conductors by the currents flowing through them. Where such
electromagnetic forces interact on parallel conductors, they cause stresses that have to be taken into
account at the substations. For this reason:

— the forces between parallel conductors are set forth in the following clauses;
— the electromagnetic force components set up in conductors with bends and/or crossovers may normally
be disregarded.

In the case of metal-clad systems, the change of the electromagnetic forces between the conductors due to
magnetic shielding can be taken into account. In addition, however, the forces acting between each
conductor and its enclosure and between the enclosures shall be considered.

When parallel conductors are long compared to the distance between them, the forces will be evenly
distributed along the conductors and are given by the equation

”o L I
iyi
YL

F = (1)

where
i1 and iy are the instantaneous values of the currents in the conductors;

[  is the centre-line distance between the supports;

a 1is the centre-line distance between the conductors.

When the currents in the two conductors have the same direction, the forces are attractive. When the
directions of the currents are opposite, the forces are repulsive.

NOTE For additional information see: CIGRE: The mechanical effects of short-circuit currents in open air substations.
Paris: CIGRE SC 23, WG 02, 1987.

2.1.1 Influences on stress reduction

When calculating the maximum possible short-circuit current, additional details of other IEC standards
may be considered if this results in stress reduction.

2.1.2 Consideration of automatic reclosing

Automatic reclosing shall be taken into account for rigid conductors only if three-phase automatic reclosing
is used.

2.2 Rigid conductor arrangements
2.2.1 Calculation of electromagnetic forces
2.2.1.1 Calculation of peak force between the main conductors during a three-phase short circuit

In a three-phase system with the main conductors arranged with the same centre-line distances on the
same plane, the maximum force acts on the central main conductor during a three-phase short circuit and
is given by:

Bo N3 4, 1
Fop = 2> = % — @
2r 2 a,
where
ip3  is the peak value of the short-circuit current in the case of a balanced three-phase short circuit. For calculation, see IEC 909;
l is the maximum centre-line distance between supports;

ay, 1is the effective distance between main conductors in 2.2.1.4.
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NOTE Equation (2) can also be used for calculating the resulting peak force when conductors with circular cross-sections are in the
corners of an equilateral triangle and where a, is the length of the side of the triangle.

2.2.1.2 Calculation of peak force between the main conductors during a line-to-line short circuit

The maximum force acting between the conductors carrying the short-circuit current during a line-to-line
short circuit in a three-phase system or in a two-line single-phase-system is given by:

F = — [, e— (3)

where
ipz 1s the peak short-circuit current in the case of a line-to-line short circuit;
l is the maximum centre-line distance between supports;

a,, 1s the effective distance between main conductors in 2.2.1.4

2.2.1.3 Calculation of peak value of forces between coplanar sub-conductors

The maximum force acts on the outer sub-conductors and is between two adjacent connecting pieces given
by:

- 2 I
F ="_°(_’L)._' @)

where
n is the number of sub-conductors;
Iy is the maximum existing centre-line distance between two adjacent connecting pieces;

a is the effective distance between sub-conductors;

S

i, 1sequaltoipg for a three-phase system or to ip2 for a two-line single-phase system.

2.2.1.4 Effective distance between main conductors and between sub-conductors

The forces between conductors carrying short-circuit currents depend on the geometrical configuration and
the profile of the conductors. For this reason the effective distance a,, between main conductors has been
introduced in 2.2.1.1 and 2.2.1.2 and the effective distance a4 between sub-conductors in 2.2.1.3. They shall
be taken as follows:

Effective distance a,, between coplanar main conductors with the centre-line distance a:
— Main conductors consisting of single circular cross-sections:
aym=a B)

— Main conductors consisting of single rectangular cross-sections and main conductors composed of
sub-conductors with rectangular cross-sections

- ©®)
a =——
" klZ
k19 shall be taken from Figure 1, with a1, =a, b = b, and d = d,,.
Effective distance a, between the n coplanar sub-conductors of a main conductor:
— Sub-conductors with circular cross-sections:
1 1 1 1 1 1
= + + ot — o+ — (7)
ay G2 a3 44 s 9
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— Sub-conductors with rectangular cross-sections:
Some values for ag are given in Table 1. For other distances and sub-conductor dimensions the equation

1 k k k k k
— =2 B v R ®)
a, G2 a3 G4 s a4
can be used. The values for kqo,........ k1, shall be taken from Figure 1.

2.2.2 Calculation of stresses in rigid conductors and forces on supports
2.2.2.1 General

The conductors may be supported in different manners, either fixed or simple or in a combination of both.
Depending on the type of support and the number of supports, the stresses in the conductors and the forces
on the supports will be different for the same short-circuit current. The equations given also include the
elasticity of the supports.

The stresses in the conductors and the forces on the supports also depend on the ratio between the relevant
natural frequency of the mechanical system and the electrical system frequency. For example in the case
of resonance or near to resonance, the stresses and forces in the system may be amplified. If f/f < 0,5 the
response of the system decreases and the maximum stresses are in the outer phases.

2.2.2.2 Calculation of stresses in rigid conductors

The assumption that the conductor is rigid means that the axial forces are disregarded. Under this
assumption the forces acting are bending forces and the general equation for the bending stress caused by
the forces between main conductors is given by:

F_ 1
c =V_.-V.8. m (9>
m=VoVe-P 8Z

where F, is either the value F 5 of three-phase systems according to equation (2) or F, 9 of two-line
single-phase systems according to equation (3).

Z 1s the section modulus of the main conductor and shall be calculated with respect to the direction of forces
between main conductors.

The bending stress caused by the forces between sub-conductors is given by:

F_l
o.=V_-V L

(10)
% T ez,

where F according to equation (4) shall be used.

Z is the section modulus of the sub-conductor and shall be calculated with respect to the direction of forces
between sub-conductors.

Vs, Voo Vi and V. are factors which take into account the dynamic phenomena, and 3 is a factor depending
on the type and the number of supports. The maximum possible values of V; V, and V V,, shall be taken
from Table 2 and the factor  shall be taken from Table 3.

NOTE For the beams in Table 3 (except the single span beam with simple supports) the realistic ultimate loads are calculated with
the factors § given in Table 3 and ¢ given in Table 4.

Non-uniform spans in continuous beams may be treated, with sufficient degree of accuracy by assuming
the maximum span applied throughout. This means that:

— the end supports are not subjected to greater stress than the inner ones,

— span lengths less than 20 % of the adjacent ones shall be avoided. If that does not prove to be possible,
the conductors shall be decoupled using flexible joints at the supports. If there is a flexible joint within
a span, the length of this span should be less than 70 % of the lengths of the adjacent spans.

If it is not evident whether a beam is supported or fixed, the worst case shall be taken into account.
For further consideration, see 2.2.2.6.
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2.2.2.3 Section modulus and factor q of main conductors composed of sub-conductors

The bending stress and consequently the mechanical withstand of the conductor depend on the section
modulus.

If the stress occurs in accordance with Figure 2 a), the section modulus Z is independent of the number of
connecting pieces and is equal to the sum of the section moduli Z; of the sub-conductors (Z, with respect to
the axis x-x). The factor ¢ has then the value 1,5 for rectangular cross-sections and 1,19 for U and I
sections.

If the stress occurs in accordance with Figure 2 b) and in the case there is only one or no stiffening element
within a supported distance, the section modulus Z is equal to the sum of the section moduli Z of the
sub-conductors (Z, with respect to the axis y-y). The factor ¢ has then the value 1,5 for rectangular
cross-sections and 1,83 for U and I sections.

When within a supported distance there are two or more stiffening elements, higher values of section
moduli may be used:

— For main conductors composed of sub-conductors of rectangular cross-sections with a space between
the bars equal to the bar thickness, the section moduli are given in Table 5.

— For conductor groups having U and I cross-sections, 50 % of the section moduli with respect to the
axis 0-0 should be used.

The factor g then has a value of 1,5 for rectangular cross-section and 1,83 for U and I sections.
2.2.2.4 Permitted conductor stress

A single conductor is assumed to withstand the short-circuit forces when:

Oy = quO,Z (11)

where Ry 5 1s the stress corresponding to the yield point.
The factor g shall be taken from Table 4, see also 2.2.2.3.
When a main conductor consists of two or more sub-conductors the total stress in the conductor is given by:

Otot = Om + Oy 12)

NOTE For rectangular cross-sections Oy is the algebraic sum of 0., and 03 independent of the loading directions (see Figure 2).

The conductor is assumed to withstand the short-circuit forces when:

Otot = q Rpo 2 (13)

It is necessary to verify that the short circuit does not affect the distance between sub-conductors too much,
therefore a value

Oy = Rp0,2 (14>

1s recommended.

In Table 4 the highest acceptable values for g for different cross-sections are given. For 0,, = ¢ R, 9
respectively Oy = g R} 9 small permanent deformations may occur, approximately 1 % of the distance
between supports for g-values according to Table 4, which do not jeopardize the safety of operation as long
as by this the minimum clearances between main conductors or between a main conductor and the earthed
structure are not violated.

NOTE For the yield point of conductor materials, R, o, the standards often state ranges with minimum and maximum values. If
only such limit values rather than actual readings are available, the minimum value should be used in 2.2.2.4 and the maximum
value in Table 2.

2.2.2.5 Calculation of forces on supports of rigid conductors
The dynamic force Fy shall be calculated from:

Fy=VpV.,a Fy (15)
where F, is either the value F,3 of three-phase systems according to equation (2) or F, 5 of two-line
single-phase systems according to equation (3) shall be used.

The maximum possible values of Vy V.. shall be taken from Table 2.
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