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Foreword

The text of document 73/148/FDIS, future edition 3 of IEC 60909-3, prepared by IEC TC 73, Short-circuit
currents, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
EN 60909-3 on 2010-03-01.

This standard is to be used in conjunction with EN 60909-0:2001.

This European Standard supersedes EN 60909-3:2003.
The main changes with respect to EN 60909-3:2003 are listed below:

— New procedures are introduced for the calculation of reduction factors of the sheaths or shields and in
addition the current distribution through earth and the sheaths or shields of three-core cables or of
three single-core cables with metallic non-magnetic sheaths or shields earthed at both ends;

— The information for the calculation of the reduction factor of overhead lines with earth wires are
corrected and given in the new Clause 7;

— A new Clause 8 is introduced for the calculation of current distribution and reduction factor of three-
core cables with metallic sheath or shield earthed at both ends;

— The new Annexes C and D provide examples for the calculation of reduction factors and current
distribution in case of cables with metallic sheath and shield earthed at both ends.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent
rights.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2010-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2013-03-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60909-3:2009 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year
IEC 60909-0 2001  Short-circuit currents in three-phase a.c. EN 60909-0 2001
systems -

Part 0: Calculation of currents

IEC/TR 60909-2 2008  Short-circuit currents in three-phase a.c. - -
systems -
Part 2: Data of electrical equipment for
short-circuit current calculations
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SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 3: Currents during two separate simultaneous
line-to-earth short circuits and partial short-circuit
currents flowing through earth

1 Scope and object

This part of IEC 60909 specifies procedures for calculation of the prospective short-circuit
currents with an unbalanced short circuit in high-voltage three-phase a.c. systems operating
at nominal frequency 50 Hz or 60 Hz, i. e.:

a) currents during two separate simultaneous line-to-earth short circuits in isolated neutral or
resonant earthed neutral systems;

b) partial short-circuit currents flowing through earth in case of single line-to-earth short
circuit in solidly earthed or low-impedance earthed neutral systems.

The currents calculated by these procedures are used when determining induced voltages or
touch or step voltages and rise of earth potential at a station (power station or substation) and
the towers of overhead lines.

Procedures are given for the calculation of reduction factors of overhead lines with one or two
earth wires.

The standard does not cover:

a) short-circuit currents deliberately created under controlled conditions as in short circuit
testing stations, or

b) short-circuit currents in the electrical installations on board ships or aeroplanes, or

c) single line-to-earth fault currents in isolated or resonant earthed systems.

The object of this standard is to establish practical and concise procedures for the calculation
of line-to-earth short-circuit currents during two separate simultaneous line-to-earth short
circuits and partial short-circuit currents through earth, earth wires of overhead lines and
sheaths or shields of cables leading to conservative results with sufficient accuracy. For this
purpose, the short-circuit currents are determined by considering an equivalent voltage
source at the short-circuit location with all other voltage sources set to zero. Resistances of
earth grids in stations or footing resistances of overhead line towers are neglected, when
calculating the short-circuit currents at the short-circuit location.

This standard is an addition to IEC 60909-0. General definitions, symbols and calculation
assumptions refer to that publication. Special items only are defined or specified in this
standard.

The calculation of the short-circuit currents based on the rated data of the electrical
equipment and the topological arrangement of the system has the advantage of being
possible both for existing systems and for systems at the planning stage. The procedure is
suitable for determination by manual methods or digital computation. This does not exclude
the use of special methods, for example the super-position method, adjusted to particular
circumstances, if they give at least the same precision.

As stated in IEC 60909-0, short-circuit currents and their parameters may also be determined
by system tests.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

IEC/TR 60909-2:2008, Short-circuit currents in three-phase a.c. systems — Part 2: Data of
electrical equipment for short-circuit current calculations

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

two separate simultaneous line-to earth short circuits

line-to-earth short circuits at different locations at the same time on different conductors of a
three-phase a.c. network having a resonant earthed or an isolated neutral

3.2
initial short-circuit currents during two separate simultaneous line-to-earth

short circuits I,ZEE

r.m.s value of the initial short-circuit currents flowing at both short-circuit locations with the
same magnitude

3.3

partial short-circuit current through earth I;

r.m.s. value of the current flowing through earth in a fictive line in the equivalent earth
penetration depth ¢

NOTE In case of overhead lines remote from the short-circuit location and the earthing system of a station, where
the distribution of the current between earthed conductors and earth is nearly constant, the current through earth
depends on the reduction factor of the overhead line (Figures 4 and 5). In case of cables with metallic sheaths or
shields, earthed at both ends in the stations A and B, current through earth between the stations A and B (Figures
9a) and 10a)), respectively between the short-circuit location and the stations A or B (Figures 9b) and 10b)).

3.4

total current to earth Ig1¢o¢ at the short-circuit location on the tower T of an overhead
line

r. m. s. value of the current flowing to earth through the footing resistance of an overhead line
tower far away from a station connected with the driving point impedances of the overhead
line at both sides, see Figure 5

3.5

total current to earth Iggiot at the short-circuit location in the station B

r.m.s. value of the current flowing to earth through the earthing system of a station B (power
station or substation) with connected earthed conductors (earth wires of overhead lines or
sheaths or shields or armouring of cables or other earthed conductors as for instance metallic
water pipes), see Figure 4

3.6

current to earth Igt,

r.m.s. value of the current flowing to earth causing the potential rise at an overhead line tower
n in the vicinity of a station
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3.7

current to earth Igg,

r.m.s. value of the current flowing to earth causing the potential rise Ugg, of a station B, in
case of a line-to-earth short circuit at an overhead line tower # in the vicinity of the station B

3.8

reduction factor r

for overhead lines, which determines the part of the line-to-earth short-circuit current flowing
through the earth remote from the short-circuit location and the earthing systems of the
stations

3.9

reduction factor rq
for three-core cables with metallic sheath or shield earthed at both ends

3.10

reduction factor r;
for three single-core cables with metallic sheaths or shields earthed at both ends

3.1
driving point impedance Z; of an infinite chain

composed of the earth-wire impedance Z, between two towers with earth return and the

footing resistance Rt of the overhead line towers (Figure 1):

Zp =057, Jr\/(0,5gQ P +RrZg (1)

Earth wire

I
Ry Rt Rt
—_— - - Ecjuivalert earth

penetration depth
IEC 160/09

Figure 1 — Driving point impedance Zp of an infinite chain, composed of the earth wire
impedance Zg =ZQdT and the footing resistance Rt of the towers, with equal distances
d; between the towers

The driving point impedance Zp can be assumed constant at a distance from the short-circuit
location F longer than the far-from-station distance Dg defined by Equation (19).

3.12
driving point impedance Zp, of a finite chain
with n towers of an overhead line as given in Figure 2 and with the impedance Z_; at the

end, calculated according to Equation (2).

_ Zp(Zeg +2Zp )K" +(Zp —ZQ)(ZEB -Zp +ZQ)1£‘"
(Zeg +Zp k" ~(Zeg ~Zp +ZQ )K"

(2)
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with

=1+ 2P 3)
Ry

NOTE For n — o, Equation (2) is leading to Equation (1). In practical cases, this is true already for n = 10 ... 15.

|
3 |2 ! |D Earth wvire

: | :
Ry Ry Ry Ry Ry A Zem
- — — - . —— - - _ o Equivalent earth

penetration depth

IEC 161/09

Figure 2 — Driving point impedance Zp, of a finite chain with n towers, composed
of the earth wire impedance Zg =ZQdT , the footing resistance Rt of the towers,

with equal distances dt between the towers and the earthing impedance Zgg

of station B from Equation (29)

4 Symbols

All equations are written as quantity equations, in which the symbols represent physical
quantities possessing both numerical values and dimensions. Symbols of complex quantities
are underlined in the text and equations of this standard.

cUp /A3
De

dr

dL1L2
daia2
Tvee

Ie

Iegn
TEBtot
IeT,

TETto0t
L

IxeoE

Equivalent voltage source (IEC 60909-0)

Far-from-station distance (Equation (19))

Distance between two towers

Distance between the line conductors L1 and L2

Distance between the earth wires Q1 and Q2

Short circuit breaking current in case of two separate simultaneous line-to-
earth short circuits

Current flowing to earth (/ga, Ieg, Iec and et in the Figures 4, 5, 7)

Current to earth in station B with a short-circuited tower » in the vicinity of
station B (Figure 7)

Total current to earth in the station B if a short circuit with earth connection
occurs in station B (Figure 4)

Current to earth at the short-circuited tower » in the vicinity of a station

(Figure 7)

Total current to earth at a short-circuited tower T far away from stations (see
Figure 5)

Initial symmetrical short-circuit current in case of two separate simultaneous
line-to-earth short circuits

Initial symmetrical short-circuit current flowing to earth in the case of a line-to-
line short circuit with earth connection (IEC 60909-0)
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-1 =

Ies Partial short-circuit current flowing through earth (for instance in Figure 4:

Tegp =7a X 3£(0)A or in Figure 9b): Current Igsn flowing back to the station A
according to Equation (45))

Iq Earth wire current

Ig Current in the sheath or shield of a cable (in case of three single-core cables:
Is1, Is2 and Is3)

I+ Partial short-circuit current through the footing resistance Rt of an overhead line
tower

IpEE Peak short-circuit current in case of two separate simultaneous line-to-earth
short circuits

My, M, Coupling impedances in the positive- and the negative-sequence system

Rep, Rep Resistance of the earth grid in the station A or B

Ree Resistance to earth at the short-circuit location of a cable (Figure 9b) or 10b))

Ry Footing resistance of an overhead line tower

r Reduction factor for overhead line with earth wires

7 Reduction factor of the sheath or shield of a three-core cable (Figure 9a))

73 Reduction factor of the sheaths or shields of three single core cables (Figure
10a))

I Earth wire radius

s Radius of the metallic sheath or shield of a cable (medium value)

Zu-Zng  Positive-sequence short-circuit impedance of a three-phase a.c. system at the
connection point A, B (Annex B)

Z) Zero-sequence short-circuit impedance of the entire network between the
short-circuit locations A and B (admittances between line conductors and earth
are disregarded)

Zeg Earthing impedance of a station B according to Equation (29)

ZeBtot Total earthing impedance of a station B according to Equation (17)

ZeT Earthing impedance of the short-circuited tower according to Equation (28)

ZETtot Total earthing impedance of the short-circuited tower according to Equation
(23)

Zp Driving point impedance of an infinite chain (Equation (1) and Figure 1)

Zp, Driving point impedance of a finite chain (Equation (2) and Figure 2)

Zq= Z'QdT Earth-wire impedance between two towers with earth return

Z'Q Earth-wire impedance per unit length with earth return

Z'QL Mutual impedance per unit length between earth wire and line conductors with
earth return

Zé Impedance per unit length of a metallic sheath or shield with earth return

ZéL Mutual impedance per unit length between the sheath (or the shield) and a
core inside the sheath (or the shield) of a cable with earth return

Zy Input impedance of sheaths, shields or armouring of cables or other metallic

pipes or pipelines (Equation (17)) Documents
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- 12 —
¢ Equivalent earth penetration depth (Equation (36))
Mo Magnetic constant, xg =4 7x1077 Vs/Am

o Resistivity of the soil

a Angular frequency, « =2z f ( f = 50 Hz or 60 Hz)

5 Calculation of currents during two separate simultaneous line-to-earth
short circuits

5.1 Initial symmetrical short-circuit current

Figure 3 shows the short-circuit current I[('EE during two separate simultaneous line-to-earth

short circuits on different line conductors at the locations A and B with a finite distance be-
tween them. It is assumed that the locations A and B are far from stations.

—+|  Distance >0 b—
A ]

L1 L <}

L2 [= <}

Lz {= ]

Y LEE Y /keE

IEC 162/09
NOTE The direction of current arrows is chosen arbitrarily.

Figure 3 — Characterisation of two separate simultaneous line-to earth short circuits
and the currents I,:EE

In networks with isolated or with resonant earthed neutral the initial symmetrical short-circuit
current I[('EE is calculated with

3cU,
Zia+Zon +Zap + L+ My + M) +Z o

(4)

I =

NOTE For derivation of Equation (4) see ITU-T — Directives concerning protection of telecommunication lines
against harmful effects from electric power and electrified railway lines, Volume V: Inducing currents and voltages
in power transmission and distribution systems, 1999.

In case of a far-from-generator short circuit, where Z4 =2, and M4 =M ,), the initial

short-circuit current becomes

3cU,
2Z A +2Zg +2M 1)+ 2 ()

(5)

L =

5.1.1 Determination of M and M,

The positive- and the negative-sequence coupling impedances M(1) and M) are determined
as follows:
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A voltage source is introduced at the short-circuit location A as the only active voltage of the
network. If /(1) and [(2)a are the currents due to this voltage source in the positive- and the
negative-sequence system at the short-circuit location A, and if Ui1)s and Up)s are the
resulting voltages in the positive- and negative-sequence system at the location B, then

U Uop

I DA

(6)

M )= Lo

The coupling impedances may also be determined at the short-circuit location B instead of A

Ua
-2~

_Yan
Lig

M, (7)

Lop

5.1.2 Simple cases of two separate simultaneous line-to-earth short circuits

In simple cases, the current I,z can be calculated as shown in Table 1, if Z1) = Z2) and

M1y = M2) (far-from-generator short circuit). Equations (8) to (10) are derived from Equation
(5). The indices in these equations refer to the relevant impedances in the respective network.

Table 1 — Calculation of initial line-to-earth
short-circuit currents in simple cases

a) | d | / | Single-fed radial line
= : v
n C
7A é B ]kEE = L (8)
6230+ 2Z 1y + Zioy
b) | d | g | Two single-fed radial lines
L1
I—13 3cU
L3 "
g 2 010 +2Z 19 * Zeap)+ Z g + Z o
s
5
h
P
c) , , . Double-fed single line
| T |
- " 3cU
ALS B fee = 6Z,  Z, .\ +27 (Zn +Z,. ) (10)
=(Md=)e “=Mf *=0d ~=(e’
Z(0)f
Zia T Zay TZwe ©)
The voltage factor, ¢, shall be taken from Table 1 of IEC 60909-0.

5.2 Peak short-circuit current, symmetrical short circuit breaking current and steady-
state short-circuit current

The peak short-circuit current is calculated according to IEC 60909-0:
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ipee = K2l ge (11)

For the factor, k, the same value is used as in the case of a three-phase short circuit at the
locations A or B, whichever is the largest.

If the short circuits can be assumed as far-from-generator short circuits, then

Ivee = Ibee = Ikee (12)

5.3 Distribution of the currents during two separate simultaneous line-to-earth short
circuits

If two separate line-to-earth short circuits occur at the locations A and B, the current through
earth can be calculated assuming g5 zflLEE1 with ZLEE as the only active current source
and r as the reduction factor of an overhead line with earth wire (Equation 33). For the short
circuit at a tower (short-circuit location A or B) far from stations, the current /1 through the
footing resistance Ry of the tower is

" Zp

Iy =ZlkEEm (13)
Zp T

Zp is the driving point impedance of an infinite chain according to Equation (1).

NOTE Equation (13) can be derived from Figure 6 if lETtot is replaced by K'lkEE .

In case of two separate line-to-earth short circuits at overhead lines without earth wire (for
instance in medium-voltage networks), the current through earth is equal to the short-circuit

current I ¢ .

6 Calculation of partial short-circuit currents flowing through earth in case
of an unbalanced short circuit

6.1 General

The following subclauses deal with partial short-circuit currents flowing through earth and
earthed conductors (as earthing systems and earth wires of overhead lines) in the case of a
line-to-earth short circuit. This type of short circuit in solidly earthed high-voltage networks is

the most frequently occurring unbalanced short circuit. 1;1 leads to the highest short-circuit

current to earth compared with the line-to-line short circuit with earth connection if Z(O) > Z“)

(see Figure 10 of IEC 60909-0 in case of Z, =Z, ). For Z, <Z,, the current to earth

Igog in case of a line-to-line short circuit with earth connection, shall be considered
according to IEC 60909-0.

For the calculation of short-circuit currents according to IEC 60909-0, the tower impedances
with or without earth wire and the earth grid impedances and other connections to earth shall
be disregarded.

The calculation procedure will be considered on a simplified network consisting of three
stations A, B and C, and overhead lines with a single circuit and one earth wire. Moreover, it
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is assumed that the stations A, B and C are separated by more than twice the far-from-station
distance, D, according to Equation (19).

6.2 Line-to-earth short circuit inside a station

Figure 4 shows a transformer station B with feeders coming in from the stations A and C.

Jaa Tac Earth wire

o
N
[

H

2| ZEatat UEBJ ¢ ZeBtot et
I - S IEE'_tD’f________.,_ Ectot
Equivalert earth

desa=130ga, deac =1c3Mgc  penetration depth
IEC 163/09

Figure 4 — Partial short-circuit currents in case of a line-to-earth
short circuit inside station B

The line-to-earth short-circuit current l;'ﬂ in Figure 4 is equal to three times the zero-
sequence currents flowing to the short-circuit location F:

L1 =3Lgyp +3L0g +3L0)c (14)

The current 31(0)8 is flowing back to the transformer-star point via the earth grid in station B
and therefore does not lead to a potential rise at the station B. The currents 3,5 and

3/ o)c are flowing back to the stations A and C through the earth and the earth wires between
the station B and the stations A and C. For a far-from-station distance we have (see Figure 4):

3L0)a =Lesa +Laa =1a3Lg)a T (1-1A)3L o)A (15a)
3L)c =Lesc +Lac =rc3Loyc + (1-r¢c)3Lg) ¢ (15b)
A and rg are the reduction factors of the earth wires between B and A and between B and

C respectively.

The total current to earth in station B (short-circuit location) is:

Tegtot =7A3L0)a - Fc3L0)c (16)
The current Iegiot PasseES the total earthing impedance of station B:
1
ZEBtot = 1 1 1 (17)
+2——+X
Reg 7 Zpi i Zy Documents
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where

Rep is the resistance of the earth grid in station B;
Zp is the driving point impedance according to Equation (1);

Z, is the input impedance of sheaths, shields or armouring of a cables or other metallic
pipes or pipelines.

The current through Zgg; leads to the earth potential Ugg at the station B:

Ues = Zepiot Lestot (18)

The far-from-station distance (far from the short-circuit location) is calculated as follows:

Dr =3Ry ;e{‘%} (19)
£Q

where

Ry is the tower footing resistance;

dis the distance between towers;

Re{,/ZQ } is the real part of the square root of the earth wire impedance Zg :ZQdT with ZQ
from Equation (34).

NOTE 1 |If the stations A or C are nearer than D to station B, the total current Iegiot is reduced by an additional
part of the currents 753/ g)a Or rc3L g flowing back to the nearest station A or C via earth wires.

NOTE 2 Special considerations may be necessary in the case of double-circuit lines or parallel lines with coupled
zero-sequence system.

6.3 Line-to-earth short circuit outside a station

A line-to-earth short circuit at a tower of an overhead line is shown in Figure 5. The short
circuit is assumed to occur remote from the stations.

dan I *log dac Earth wire
ooo — e —— e R Ep, e e e i
g? e e ﬁ e —_EOO

A c

2| ZE agot EEE‘[ {|ZEBtot Ugr| LIZETtot e

Tt Teptot TeTtat JECtot

_ et o _ Btet = — L
Fesa=1a3lga, {esa* JEam feac =13 dgc penetration depth

IEC 164/09

Figure 5 — Partial short-circuit currents in case of a line-to-earth short circuit
at a tower T of an overhead line
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