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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

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

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60909-3 has been prepared by IEC technical committee 73: Short-
circuit currents.

This International Standard is to be read in conjunction with IEC 60909-0.

This third edition cancels and replaces the second edition published in 2003. This edition
constitutes a technical revision.

The main changes with respect to the previous edition 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 line i
wires are corrected and given in the new Clause 7; wlbﬁments
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— 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.

The text of this standard is based on the following documents:

FDIS

Report on voting

73/148/FDIS

73/149/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

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

A list of all parts of the IEC 60909 series, published under the general title Short-circuit

currents in three-phase a.c. systems, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in

the data related to the specific publication. At this date, the publication will be

e reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

The contents of the corrigendum of September 2013 have been included in this copy.

Full document details: IEC 60909-3-2009
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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;EE

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

Documents

Document Sharing Hub

Full document details: IEC 60909-3-2009


http://avadocuments2026.com/doc/iec-60909-3-2009
http://avadocuments2026.com/doc/iec-60909-3-2009

60909-3 © IEC:2009 -9-

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 r;
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=05Z4 +\/(0,5ZQ)2 +RrZq (1)

Earth wire

]
R Rr Rt
- o o Equivalert 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
dr 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 D 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 +Zp)k" +(Zp - 2o )(Zeg —Zp + Zo )K"
(Zeg +Zp k"~ (Zeg —Zp +Zg )k

(2)
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with

k=1+22 (3)
T

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

3 |2 1 |D .
Earth wvire
B
R Rr Ry Rr o I Zen
- —— - - o 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 Zq =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 /3 Equivalent voltage source (IEC 60909-0)

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

dr Distance between two towers

d 1o Distance between the line conductors L1 and L2

daiq2 Distance between the earth wires Q1 and Q2

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

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

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

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

Iet, Current to earth at the short-circuited tower = in the vicinity of a station
(Figure 7)

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

IEEE Initial symmetrical short-circuit current in case of two separate simultaneous

line-to-earth short circuits

]I:EZE 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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IpEE

M(l) > M(Z)
Rea, Reg
Rer

el
s

Zin-Zag

Z(O)

ZeB
ZEBtOt
Zgt

ZETiot

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

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

Earth wire current

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

Partial short-circuit current through the footing resistance R; of an overhead line
tower

Peak short-circuit current in case of two separate simultaneous line-to-earth
short circuits
Coupling impedances in the positive- and the negative-sequence system

Resistance of the earth grid in the station A or B

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

Footing resistance of an overhead line tower
Reduction factor for overhead line with earth wires
Reduction factor of the sheath or shield of a three-core cable (Figure 9a))

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

Earth wire radius

Radius of the metallic sheath or shield of a cable (medium value)
Positive-sequence short-circuit impedance of a three-phase a.c. system at the
connection point A, B (Annex B)

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)

Earthing impedance of a station B according to Equation (29)
Total earthing impedance of a station B according to Equation (17)
Earthing impedance of the short-circuited tower according to Equation (28)

Total earthing impedance of the short-circuited tower according to Equation
(23)
Driving point impedance of an infinite chain (Equation (1) and Figure 1)

Driving point impedance of a finite chain (Equation (2) and Figure 2)
Earth-wire impedance between two towers with earth return
Earth-wire impedance per unit length with earth return

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

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

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

Input impedance of sheaths, shields or armouring of cables or other metallic
pipes or pipelines (Equation (17)) Documents
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c Equivalent earth penetration depth (Equation (36))
y7n Magnetic constant, g =47x107" Vs/Am

P Resistivity of the soil

a Angular frequency, « =27 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 p—
’ . A B

Lz {= <}

L3

"
hi

¥ 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 II:EE

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

3cU,
ZintZoa L L+ Muy+ Mo+ L)

(4)

Iee =

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,
2Za+2Zag +2M 1)+ 2 ()

(5)

Iee =

5.1.1 Determination of M 4 and M,

The positive- and the negative-sequence coupling impedances M(1) and M(2) 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 /) 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 Un)s and Uz)s are the
resulting voltages in the positive- and negative-sequence system at the location B, then

Ume

U
— _ =8B
M 1y = =

M ) (6)
Lya Lo

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

_Up)a
(2~
L Lop

U
M YA

My = (7)

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

In simple cases, the current Iee can be calculated as shown in Table 1, if Z(1) = Z(2) and

M 1) = 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

Single-fed radial line

L3 3cU
/A 78 Ikge = : (8)
‘6_(1)d +2Z 4y + Z oy
b) | d - g | Two single-fed radial lines
L1
L2
" 3cU
@?ﬂ ﬁZ,,La Ixge = - (9)
X ‘@md *AZ g tZn)* Zoyg HZon
L2
L3
5
h
——
c) Double-fed single line
| i
("— (‘, fee = 3<Un (10)
6Z 1aZme t2ZumeZ e T Z1)e)
+7Z
7 Z(0)f
Ziya T Z<mr e

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:

Full document details: IEC 60909-3-2009
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ipge = K2/ yee (11)

For the factor, x, 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 = Ipbee = 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 =51LEE, with [LEE as the only active current source
and 7 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

It =rilge AT R :PZR (13)
Zp +2Ry

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

NOTE Equation (13) can be derived from Figure 6 if [g1iot is replaced by 7 -1 ep .

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(1)

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

O
I}:EZE 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, Dg, 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.

Ias, Tac Earth wire

oo Q
ESH L)
L]

B c

¢| ZEatot UEB\ ¢ ZeBtat Jeecta
I -0 S 0 & --.:. S ot
Jese =103l Equivalert earth

{esc =rc3fge 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 [;'(1 in Figure 4 is equal to three times the zero-
sequence currents flowing to the short-circuit location F:

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

The current 3[(0)5 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 315 and

3/ g)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):

3Loya =Lesa +Loa =ra3Lo)a +(1-ra)3L o)A (15a)
3Loyc =Lesc +Lac =rc3Loc + (1-rc)3L0yc (15b)

I 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:

Tegiot =7A3L0)a - rc3L0)c (16)
The current I gt Passes the total earthing impedance of station B:
1
ZeBtot =7 1 1 (17)
+X—+2X
Reg i Zp; i Zy Documents
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where

Reg 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:

DF=3\/E£{%} (19)

where

Ry is the tower footing resistance;

dtis 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 Dr to station B, the total current Iggiot 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 dns tIog dar Earth wire
S | e PN
a‘ ) - TEEET - :::ﬁ::::E@[}
e, Mgat3ge |7 2c
| T
A B —C
| ZEatot LrEE@EEEItm Uer | 2Tt JZectat
— iﬁim"_ e . tfema_ o vyfemet 0 pdEowmt
Jeaa=103k, Ieae*IEsE Teac =13 5c Egﬁ;ﬁgfgﬁg&h

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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The line-to-earth short-circuit current Lfd in Figure 5 is equal to three times the zero-
sequence currents flowing to the short-circuit location F:

L1 =3L)a +3L0)g +3L0)c (20)

The three currents 3/ ), 3y and 3¢ in Figure 5 are flowing back to the stations A, B
and C through the earth and the earth wires of the overhead lines between the stations:

3Ly - 30 = Lesa - Less - Laa - Las =rcBLon - 3Lop ) (- rcBLon - L) (21
and as already known from Figure 4 and the Equations (15):

3Lo)a =Iesa +1oa =ra3Lio)a +(1-1a)3L0)a

3L0yc =Lesc - Lac =rc3Loc - (- re)3Lo)c

ra 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 at the tower T (short-circuit location), far away from stations B and C
(distance higher than DF) is:

Tetiot =Lesa +1esg + {gsc =7c (3£(O)A +3L 05 +3L)c ) =rcdyg (22)

This current passes the total earthing impedance of the short-circuited tower T connected to
the earth wire of the overhead line BC according to Figure 6:

1
ZeTiot = e (23)

Ry Zp

Ry is the footing resistance of the tower and Zp the driving point impedance according to

Figure 1.
*IETtDt
f

}EP 2=y [E]EF' ZETtot

Vet

IEC 165/09

Figure 6 — Distribution of the total current to earth I,

I7 is found from Equation (13), if QLEE is replaced by ’_”CZL1-
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The current through Zgr; leads to the earth potential Ug; at the short-circuited tower (see
Figure 6).

Uer =Zettot LeTtot = Rr L1 (24)

If the line-to-earth short circuit occurs on a tower in the vicinity of station B, then the earth
potential may be higher than the result found with Equation (24). A determination needs
special consideration as given in 6.4.

The current to earth in station B in the case of a line-to-earth short circuit at the tower T
(distance higher than Df from station B) is according to Figure 5 found from:

Legiot =1c (3£(O)A ) 3£(O)B )‘ Fa 3£(o>A (29)

The earth potential of station B with the current Igg,; from Equation (25) becomes in this
case:

Ues = Zegtot LEBtot (26)

If the line-to-earth short circuit occurs on a tower in the vicinity of station B, then the current
to earth in station B may be higher than [gg,,; found from Equation (16) in case of a line-to-

earth short circuit in station B (Figure 4). A determination needs special conditions as given in
6.4.

6.4 Line-to-earth short circuit in the vicinity of a station

If the line-to earth short circuit occurs at a tower in the vicinity (distance smaller than D) of a
station (Figure 7), then the earth potential Ugg, (additional index 7 to point out that the line
to-earth short circuit occurs at a tower n =0, 1, 2, 3 ... outside the station) may be higher than
Ugg calculated with Equation (18). In this case, the earth potential Ugy, of the short-
circuited tower n in the vicinity of station B is also higher than the earth potential Ug; for a
tower far outside station B calculated with Equation (24).

- dr
dag, a0 1r‘_ Joe Earth wire
,ﬂx ::::—!__'f__!—::: m :::ﬁ:: L :::ﬁ:::::@o
e, & e
4 “3loe
7 A - C
| ZEatot gEB?:[ JZes  [Ir7 [JR7 e ctot
_ et Uifemn . o OB
Ecuivalent earth
{esn {esc penetration depth

IEC 166/09

Figure 7 — Partial short—circuit currents in the case of a line-to-earth short circuit
at a tower n of an overhead line in the vicinity of station B
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Following Figure 2, the numbering of the towers has to be taken into account, when
calculating £L1 and 3/ -

6.4.1 Earth potential Ugt, at the tower n outside station B

The current Igq, (Figure 7) at the short-circuited tower in the vicinity of station B flowing
through Zg; according to Equation (28) is found from the superposition of two terms, the first
one depending on the current to earth Kcl:d at the short-circuit location and the second one

depending on the current 5031(0)5 flowing back through earth to the star point of the
transformer in station B.

n Z Z 1
I =p ], — =P, 3F __ZEB . _° 27
R e v Zer O Zgg + 2 k" =)
with
1
Zer = @8
7_’_7
Rr Zp
and
1
Zes=—7 1 (29)
Reg  Zp

The driving point Impedance Zp is found from Equation (1), Zp, from Equation (2) and k&
from Equation (3).

The earth potential U, at the short-circuited tower » is found with:
Uer, = Zet Lem, (30)

6.4.2 Earth potential of station B during a line-to earth short circuit at the tower n

The current Igg, passing Zgg in Figure 7 in case of a line-to earth short circuit at a tower »n
in the vicinity of station B is found with the following equation:

Zet 2Zp- Zq

" ZP
Iep, =rclk —rc3log—— —— (31)

Zer+Zpy (Zeg+Zp)k" —(Zeg —Zp+Zo )K" Zegt+Zp

The earth potential of station B during the line-to-earth short circuit at the tower n in the
vicinity of station B is:

Ueg, =Zesles, (32)
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7 Reduction factor for overhead lines with earth wires

The reduction factor of overhead lines with earth wires can be calculated as follows:

I A

3L o) Zq

K:

ZQ and ZQL shall be calculated with the Equations (34) and (35). The result depends on the
soil resistivity p, the distance dg between the earth wire and the line conductors and the

equivalent earth wire radius, 7qq, for one or more earth wires.

Table 2 — Resistivity of the soil and equivalent earth penetration depth

Equivalent earth penetration depth &
Soil resistivity p
Soil types m
am
for 50 Hz for 60 Hz
Granite >10 000 >9 300 >8 500
Rocks 3000 ... 10 000 5100 ... 9 330 4 670 ... 8520
Stony soil 1000 ... 3000 2950 ... 5110 2690 ...4 670
Pebbles, dry sand 200 ... 1 200 1320 ...3 230 1200 ... 2950
Calcareous soil, wet sand 70 ... 200 780 ... 1 320 710 ... 1 200
Farmland 50 ... 100 660 ... 931 600 ... 850
Clay, loam 10 ... 50 295 ... 660 270 ... 600
Marshy soil <20 <420 <380

The earth wire impedance per unit length with earth return is

. R
Zg=Ra  pHo il Fe gy O (34)
14 8 27'[ 4V aQ

and the mutual impedance per unit length between the earth wire and the line conductors with
earth return

ZaL —ot i jpton o (35)
8 27'C dQL

The equivalent earth penetration depth ¢ depends on the soil type as given in Table 2 and
can be found as follows:

5= 1,851 (36)

w*o

5]

The following definitions apply:

Rq Earth wire resistance per unit length
dqiqe  Distance between the two earth wires Q1 and Q2
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a Earth wire radius
"aa Equivalent earth wire radius
for one earth wire: aq =Tq
for two earth wires:  75q =+/7Todq102
v Number of earth wires (v=1,2)
daL Mean geometric distance between the earth wire and the line conductors

for one earth wire: dQL :BW'dQL1dQL2dQL3

for two earth wires  dq =§/dqi1daiadaisdazidaz2daals

M. Relative permeability of the earth wire material
Aluminium core steel reinforced (ACSR) wires with one layer of aluminium:
U =5..10;

Other ACSR wires: u, =1;
Steel wires: u, =75.

According to Equation (34) and (35), the reduction factor of usual ACSR earth wires depends

on the soil resistivity p. Figure 8 shows reduction factors for non-magnetic earth wires of
different overhead lines with nominal voltages 60 kV to 220 kV.

In case of overhead lines with one or two earth wires of steel, the magnitude of the reduction
factor becomes about 0,95 and 0,90 respectively.

Zny

1,0

0,6

iz

0,4

0,2

10 2 4 6 8100 2 4 6 81000 2 4 6 8 10000
o ™ Om

IEC 167/09

Figure 8 — Reduction factor r for overhead lines with non-magnetic earth wires
depending on soil resistivity p

8 Calculation of current distribution and reduction factor in case of cables
with metallic sheath or shield earthed at both ends

8.1 Overview

The reduction factor of power cables with metallic sheath, shield and armouring earthed at
both ends depends on the type of cable: Three-core cable with a common sheath, three
single-core cables with three sheaths or shields and, in some cases, with%@uments
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armouring, the cross-section of the metallic sheath(s) or shield(s) in compliance with national
techniques and standards.

Reduction factor of cables with steel armouring shall be given from the manufacturer (see
IEC/TR 60909-2).

It is anticipated in this standard that the cables have an outer thermoplastic sheath (see
IEC/TR 60909-2).

8.2 Three-core cable

Figure 9 gives the configurations dealt with in case of a three-core cable with metallic sheath
or shield earthed at both ends and an outer thermoplastic sheath isolating the cable against
the surrounding soil.

8.2.1 Line-to-earth short circuit in station B

In the case of Figure 9a), if the cable is fed from side A only with a line-to-earth short-circuit
current 1;'(1 =31 in station B, the reduction factor Iy gives that part Igsp =743/ g)a Of the
line-to-earth short-circuit current, that is flowing back through earth by the induction effect.

_ 3£IE6A _q_ZsL _ Rs - (37)
OA Zs PRy +w%+ja)’g—oln—
I s

r4

Zs is the impedance of the metallic (non magnetic) sheath (or shield) per unit length with
earth return:

Zs =Ry + 0™ 4 jolond (38)
8 2n

I's

ZSL is the mutual impedance between the sheath and one of the cores (inside the sheath,
independently of the position) per unit length with earth return:

- . o
Zg =00 4 jolomn S (39)
8 2n  rg
where
Ré Resistance per unit length of the sheath or shield (copper, aluminium, lead);
Rg =1/(x-qg) with gg ~2nrgdg where ds is the thickness of the sheath or shield
I's Medium radius of the sheath or shield;
¢ Equivalent earth penetration depth (Table 2 or Equation (36)).

The current in the sheath or shield in Figure 9a) is calculated as follows:
Isa=(1-r1) 3L o)A (40)

The current through earth in Figure 9a) is found with: Documents
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Tesa =r13L)A (41)

Three-core cahle

=E8 Ecjuivalert earth

—a— .
- penetration degpth
IEsa=113ma,
IEC 168/09

a) Feeding from station A only and line-to-earth short circuit in station B

. £ *
+ f.ﬂ-. e fEl -
a5 a5
) (A (B @
—_——— e ) ————— - _ +—. gty
- :::::% S— - '9
Iz Izp
A 7 B
ZEn {Zem
Equivalent earth
- - F;.;,&,_ Iesm T penetration depth

IEC 169/09

(L1 =3Lo)a +3L0yg5 3Lo)a =Lsa - Lesa’ 3Log =Lsg - Lesg)

b) Feeding from stations A and B and line-to-earth short circuit on the cable
between the stations A and B

Figure 9 — Reduction factor of three-core power cables

8.2.2 Line-to-earth short circuit on the cable between station A and station B

In case of a line-to-earth short circuit on the cable between the stations A and B the currents
in the sheath or shield in Figure 9b) are calculated as follows:

VA VA

Isp=(-1, )31(0)A +713L o)A =Estat +r13L 0B => Stot (42)
Zsla Zsla
ZEstot ZEstot

Isp =(1=r 3L g + 1131 0)g =52 + 1,31 g)n =5 (43)
Zsls Zslg

The current to earth at the short-circuit location is given as:

Iep =ry3Lio)a Z;;Ot +r13log le;m D m
ocuments
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The currents through earth in Figure 9b) are found with:

ZEstot ZEstot ZEStot
Tesp =r13Lg)a = +143L o) =143 o= - (45)
Y: Zgla
ZEstot ZEgstot ZEStot
Iesg =143L o = +143 o R =143 gp = (46)
sla EF Zglp
with
1 Zlalg
Z = =— 47
£ EStot 1 1 1 Z- fAfB ( )
Zotn zatn R T
StA s'B EF Rer

The reduction factor r4 is given in Equation (37).

The given equations are valid for a cable length of at least /=¢/2 (£ =0,5km in case of

p =100 Qm) between the stations A and B in Figure 9a), and distances /, and /g between
the short-circuit location and the adjacent stations A and B in Figure 9b), for at least /=¢ /2
in Case 2 according to 8.2.2.2.

Because in normal cases the resistance Rgr at the short-circuit location against reference
earth is not known, the two cases Rgp — <« (there is no connection at the short-circuit
location between the metallic sheath (shield) of the cable and the surrounding soil) and Rgr
— Min. have to be taken into account.

8.2.2.1 Case 1: Rgf — «

In case of Rggp — o0, it is anticipated that the outer thermoplastic sheath is not destroyed by
the short-circuit current or by the arc at the short-circuit location. The following expressions
are found from the Equations (42) and (43):

l l
Isp=0-r, )31(0)A +713L0)A 75 +r13L B 75 (42a)
I Ca
Isg =(1-14)3Lio +113L0)8 = T 3L o)A v (43a)
In this case the Equations (45) and (46) lead to:
‘a ‘g
Tesa =113 o) = 3L o8 ~ (45a)

4 LA
Iesg =131 7—’_”131(0)/\ e (46a)
The line-to-earth short-circuit current at the short-circuit location between A and B shall be

calculated with the zero-sequence impedance per unit length Z(O)s of the cable for a current
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return only through the sheath or shield (see IEC/TR 60909-2 and the information about the
calculation of this value given in IEC/TR 60909-2, Equations (30) and (31)).

The highest current through the sheath or shield will occur, if the short—circuit location is near
the station A or the station B and if the short circuit in Figure 9b) is fed from both sides.

Isamax =3Lo)a (La =0)- 1435 (L p =0) (42b)

Ispmax =3Lg)g(La =0)- r13Lga(lp =1) (43Db)

The highest current through earth is also found if the short circuit occurs near the station A or
B:

Tesamax =713Lga(la =1) (45Db)
Tesgmax =713Lo({a =0) (46b)

8.2.2.2 Case2: Rep=50Q

The value Rgp =5Q is to be seen as a conservative hypothesis, because the area of the

connection to the surrounding soil is small even if the thermoplastic outer sheath is destroyed.
When fixing this value, it is anticipated, that the short-circuit location is outside the stations A
and B and that no metallic rods or pipes are in the neighbourhood of the short-circuit location.

In this case, the line-to-earth short-circuit current £L1 at the short-circuit location between A

and B shall be calculated with the zero-sequence impedance Z(O)SE for a current return
through the sheath or shield of the cable and the earth (see IEC/TR 60909-2).

The currents in the sheath or shield and through the earth shall be calculated with Equations
(42), (43) and (45), (46).

The highest current through the sheath or the shield can be calculated with Equations (42b)
and (43b).

If the highest values for the currents through earth are searched for, use the highest line-to-
earth short-circuit current fed from one side of the cable only and neglect the current fed from
the other side. In this case Equations (45) and (46) lead to:

V4 y4

Iesamax =13Lg)a| S22 + _;Smt (45c)
Zglp EF
V4 y4

Iesmax =13 0| =2t + _;Smt (46c¢)
Zgla EF

Calculations with the above equations may lead to higher currents through earth than those
found with Equations (45b) or (46b).

NOTE Clause C.2 gives an example for the calculations, if the highest currents through earth are searched for.
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If the cable has an additional iron armouring (for instance in the case of a lead sheath), the
manufacturer shall give the reduction factor (depending on the current through the sheath)
found for instance from measurements. See for information IEC/TR 60909-2.

8.3 Three single-core cables

As given under 8.2, in this case also a distinction shall be made between a line-to-earth short
circuit in station B, if the short-current is fed from station A (Figure 10a)) or if the short circuit
is on the cable at a location between the station A and B (Figure 10b)).

8.3.1 Line-to-earth short circuit in station B

In case of three single-core cables in Figure 10a), with three sheaths (shields) earthed and
connected at both ends, the reduction factor r3 shall be calculated as follows:

1

_Is1tlsot1ss _ Rs

3L, R‘S+3-w%°+j3-w&1n °

21 Jfrsdy q10d 113

The distances di 1.2 and d| 1.3 according to Figure 10a) shall be used for a triangular and a
flat configuration. The result found from Equation (48) is the exact result for a triangular
configuration. For a flat configuration the result of Equation (48) can be used as a sufficient
approximation for this standard, independently if the line-to-earth short-circuit current will
occur in an outer cable or the central cable of the flat configuration.

r3 =1 (48)

The sum of the currents through the three sheaths or shields according to Figure 10a) is
calculated as follows:

Isa =Isin- Ison- Isan =(1- r3)3Lg)a (49)

The current through earth, flowing back to station A of Figure 10a), is found with the reduction
factor r; from Equation (48):

Iesp =r33L)A (50)

8.3.2 Line-to-earth short circuit on the cable between station A and station B
In case of a line-to-earth short circuit on the cable between the stations A and B, fed from

both sides in Figure 10b), currents generally are flowing in the three line conductors and in
the three sheaths or shields of the single core cables.

The sum of the currents in the three sheaths or shields are calculated as follows:

Z 4

Igp =(1=r3)3Lg)a +133L0)A =EStot 4 ., 3L =EStot (51)
Zslp Zglp
ZEstot ZEstot

Isg =(1-13)3L g +133L g =7 +133L o)A = (52)
Zsly Zgly

The current to earth at the short circuit location is given as:
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Z Z
Ier =133l o)p =2t +733L 0 _;Smt (33)
EF
The currents through earth are found with:
Z Z Z
Lesn =133l =2 + 7331 g)p =22 — 1331 (o) =E (54)
Zslp EF Zsla
Z Z Z
IESB =rs 31(0)8 + rs 31 (0)B —}"3 3](0)A = EStot (55)
Zsla EF Zslp

with Zesior according to Equation (47).

In this case ZS is the self impedance per unit length of one of the three sheaths or shields,
calculated with Equation (38).

Thtee single-care cables L1
= =0 ® @
s e e o= ——pe—L2 d|_1|_2-n-|

1 55
W= f——w——————— ==L PP

g1 + B D@.@Q%

1ot

Eguivalert earth
penetration depth

—=i
fesa =133mya
IEC 170/09

a) Feeding from station A only and line-to-earth short circuit in station B

- £ .
“ £, ::i: g »
()=
Bt )
_-I.!?‘!__t‘_;g___;'— + 13I
In _-I:D]IB

Eqjuirvalent earth
penetration depth

IEC 171/09

__+ —_— —
IEsp

(11 =3L0)a +3L )85 3Lo)a =Lsa - Lesas 3L =Lsg - Less)

b) Feeding from stations A and B and line-to-earth short circuit on the cable
between the stations A and B

Figure 10 — Reduction factors for three single-core power cables
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Because in normal cases the resistance Rgr at the short-circuit location against reference
earth is not known, the two cases Rgr — oo (there is no connection at the short-circuit
location between the metallic sheath or shield of the cable and the surrounding soil) and Rgr
— Min. have to be taken into account.

8.3.2.1 Case 1: Rgg > ©

In case of Rep — o0, it is anticipated that the outer thermoplastic sheath is not destroyed by
the short-circuit current or by the arc at the short-circuit location. The following expressions
are found from Equations (51) and (52):

‘g ‘g
Igp =(1-r3)3L o)A +733L0)a - i3 3108 > (51a)
I Cp
Isg =(1-13)3Lp +r33L 08 — Th3 31 o)A % (52a)
In this case the Equations (54) and (55) lead to:
‘a ‘g
Tesa =133l g)n — 1331 v (54a)
‘g Ca
Iesg =r33l B - I3 310)a / (55a)

The line-to-earth short-circuit current at the short-circuit location between A and B shall be
calculated with the zero-sequence impedance Z(O)S of the cable system for a current return
only through the sheaths or shields (see IEC/TR 60909-2).

The highest current through the sheath or shield, S1, will occur, if the short-circuit location is
near the station A or the station B and if the short circuit in Figure 10b) is fed from both sides.

ta=0 L1 amax = 3L o) +(2+73)L o) (51b)
a=1t Lsipmax 3L 0y +(2+13)L ) (52b)

The highest currents through earth are also found if the short circuit occurs near the station A

or B.
ha=0 Lpsamax =733 o) (54b)
g =0 Lrspmax =733L0)a (55b)

8.3.2.2 Case 2: R =5Q

The value Rgg =5 Q is to be seen as a conservative hypothesis, see 8.2.2.2.
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The line-to-earth short-circuit current [:(1 at the short-circuit location between A and B shall

be calculated with the zero-sequence impedance per unit length Z(O)SE for a current return
through the sheaths or shields of the cable and the earth (see IEC/TR 60909-2).

The sum of the currents in the sheaths or shields and the currents through earth shall be
calculated with Equations (51), (52) and (54), (55).

The highest currents through the sheath or shield, S1, can be found with Equations (51b) and
(52b).

If the highest values for the currents through earth are searched for, use the highest line-to-
earth short-circuit current fed from one side of the cable only and neglect the current fed from
the other side. In this case, Equations (54) and (55) lead to:

Zesiot(Ua =1) N Zesiot(fa =19

R =r3 3!(0)A (la=10) (54c)
EF

I =r33Lga(fa =1)
E 8 Amax 3YZ(0)A ZSEB

—o)| Zest'a=0), ZesnUa =0 |, 57 (1A=0)  (550)
Zgla Rer

TesBmax =733L0)g (LA

NOTE Annex D gives an example for the calculation of the currents flowing through earth.

If the cables should have additional iron armouring, the manufacturer shall give the reduction
factor and the current distribution.
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Annex A
(informative)

Example for the calculation of two separate simultaneous
line-to-earth short-circuit currents

A.1  Overview
Two separate simultaneous line-to-earth short circuits on a single fed overhead line are
shown in Figure A.1.

| d f=10 km |

| 5 km

L1
L2
/ L3

IEC 172/09

Figure A.1 — Two separate simultaneous line-to-earth short circuits
on a single fed overhead line (see Table 1)

A.2 Data

Nominal voltage: Uy = 66 kV
Nominal frequency: 50 Hz
Network with isolated or resonant earthed neutral

Network impedance at the feeder connection point Q: Z1)q =(15- j15)Q

Initial symmetrical short-circuit current at Q (see IEC 60909-0):

I = 11 x 66 kV 28 KA
V3 [15+j15/Q
Overhead line:
Conductors 3x1x166/88 mm? ACSR
Earth wire 1x 49 mm? steel, rq =4.5 mm, R'Q =292 Q/km, u, =75

Mean geometric distance between the earth wire and the line conductors: dg =6 m

Line impedance per unit length:

Positive-sequence impedance Z(1) =(0,17 +j0,40) Q/km
Zero-sequence impedance Z(O) =(0,32+{1,40) Q/km
Stony soil resistivity p,=1000 Qm
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Equivalent earth penetration depth ¢ =2950 m from Table 2 or Equation (36)
Tower footing resistance Rr=10Q

Tower distance dt =300 m
A.3 Calculations

Earth-wire impedance per unit length with earth return according to Equation (34) with v =1:

104
7 =292 100493 2 4+ ja14s7 4710 VSITE ) 2950m
k km 2n Akm | 4 4.5mm

J: (2,969 + j2,020)£
m km

Mutual impedance per unit length between the earth wire and the line conductors with earth
return according to Equation (35):

-4
Z =0,0493-2 4 j314571 4010 " Vs, 2950m _ 549 . j0,389) 2
km 21 Akm 6m km

Reduction factor of the earth wire according to Equation (33):

Z' .
1-=9 =1 0,049+ 1.0,389)Q/km =0,928-j0,082; r=0,931
Zq (2,969 +j2,020)Q2/km

I~

Driving point impedance according to Equation (1) with:

Zq = Zgdr = (2,97 +2,02)(Q/km)-0,3km :

Zo :0,5-(0,891+j0,606)£2+\/[0,5~(O,891+j0,606)]2 +10-(0,891+j0,606) Q = (3,610 +j1,303)Q

Equation (8) from Table 1 leads to:

S 3:11-66KkV
“KEE T (14,143,4+3,2)Q+j(102+8+14)Q

=(0,285-j1709) kKA;  I,ge =1732 kA

where

\:(14,1+j102)9

: . Q
6Z 1)g = 6-((1,5+J15)Q+5km-(0,17+jO,40)k
/

m
ZZ(1)f = 210km(0,17+]0,40)— = (3,4+]8)Q
km

. Q )
Z s =10km (0,32+11,4)E: (B2+jl4)Q

The current to earth through the footing resistance, Ry, of the tower at the short-circuit
locations A or B is determined with Equation (13):
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(3,610 +1,303)Q

I = (0,928 —0,082)(0,285 — j1,709 kA :
(3,610 +)1,303)Q+2-10Q

= (0,094 — j0,244)KA :

It =0,262KA
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Annex B

— 33 -

(informative)

Examples for the calculation of partial
short-circuit currents through earth

B.1 Overview

A 132-kV-network, 50 Hz, is given as shown in Figures B.1 and B.3. The distances are 40 km
between the stations A and B and 100 km between the stations B and C.

B.2 Data

Station A:
Short-circuit impedance

Zero-sequence impedance of the transformer

Station B:
Short-circuit impedance

Zero-sequence impedance of the transformer

Resistance of earth grid

Station C:
Short-circuit impedance

Zero-sequence impedance of the transformer

Overhead line:
Conductors

Earth wire

Positive-sequence line impedance per unit length

Zero-sequence line impedance per unit length
Soil resistivity

Equivalent earth penetration depth

Earth-wire impedance per unit length
Earth-wire reduction factor

Tower footing resistance

Tower distance

Length of overhead line between A and B
Length of overhead line between B and C

Full document details: IEC 60909-3-2009

Zp=(0-j6.4)Q
Za =(0- j12)Q

Zg=(0-j7.6)Q
Zop =0-jNQ
REB :59

Zc=(0-j21)Q
Zo)c =(0-j20,3)Q

3x2x240/40mm? ACSR
1%x240/40mm? ACSR
Zyy =2, =(0,06 +]0,298) Q/km

Zioy =(0,272+1,48) Q/km
»=1000 Qm

¢ =2950 m from Table 2

Z =(0,17 +j0,801) Q/km
ra=rc=r=0,6-j0,03=0,6
Ry =10Q

dr =400 m

¢4 =40 km

?5 =100 km
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B.3 Line-to-earth short circuit in a station

A line-to-earth short circuit occurs inside station B as shown in Figure B.1

Tags, Jac Earth wire
NN —— =N ):
31':':']-"3'- 3=r[|:|]c

c

2| Zeatot gEE\ | Zeptat A2t
Teatat Feptat Jectot
_ o feRMt o _ Btet

AT _ Equivalert earth
JTean =130, fesc=rc3ge  petvation depth

IEC 173/09

Figure B.1 — Line-to-earth short circuit inside station B —
System diagram for stations A, B and C

F —
a n:{m ) c
] T~} T~} {m}
Za, 211 212 Zc
-
ZB B
o Poszitive-zequence impedance
() ol
. + iz . V3
] { o~} { -~} { o~}
Za, 211 5 A Zc
=
Za
0o Megative-zequence impedance
1 n
. fy=f=dm=5da ¥
n Ima 10 fove .
=] =] = <} { o] {1
Zima, (oL e g ZoL2 Zmc
[
A
00 Fero-zequence impedance (o8

IEC 174/09
Figure B.2 — Line-to-earth short circuit inside station B -
Positive-, negative- and zero-sequence systems with connections
at the short-circuit location F within station B

The line-to-earth short-circuit current can be calculated according to IEC 60909-0, Equation
(52), using Figure B.2.

Lq = : V3 -1.1-132kV : = (0,555 j15,789)KA ;
2(0,222+j4,876)Q+ (0,115 + j6,157)Q

Iy =15,799KA
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where
1 .
Zay=—7 ; ——=0222+j4876)Q
Zpa+Zyy Zp ZctZp,
1 :
Zo) = ] 7 3 =(0,115+j6,157)Q

+ +
ZoatZowr Zog Zoc tZoL2
The zero-sequence current at the short-circuit location is given by

Lo = %£k1 = (0,1 85— j5,263)kA

The partial zero-sequence currents in Figure B.2 are:

l(O)A = (070753 - 1074439) kA, I(O)A = 0,450 kA
L 0)c =(0,0334- j0,1872)kA; Iyc =0,190kA

The total current Igpg flowing to earth through Zgg+ at the short-circuit location in station B
(Figure B.1) is calculated with Equation (16), if rp =rc =r:

Iegiot =7 3L )a - 1(0)c)=0,6-3(0,1088 - j0,6311)kA = (0,1958 - 1,1360)kA ;
Iegior = 11528kA

The driving point impedance for calculation of Zgg, is found with Z4 :ZQderom Equation

(1):

Zp =0,5(0,068 +j0,3204)Q + \/ [0,5(0,068 +j0,3204)F +10(0,068 + j0,3204) Q = (1,4369 + 1,306)Q

The total earth impedance Zgg,; of station B with two outgoing overhead lines is calculated
with Equation (17):

Zegiot = r L 5 =(0,6845 +j 0,4928)Q

+ .
5Q (14369 +)1,306)Q
The earth potential of station B is found with Equation (18):

Ugg =(0,6845- j0,4928)Q(0,1958 - j1,1360)kA =(0,6938- j0,6811)kV ; Ugg =0,9722kV

The far-from-station distance Dg (Equation (19)) is:
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