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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -
Part 4: Examples for the calculation of short-circuit currents

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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.

IEC TR 60909-4 has been prepared by IEC technical committee 73: Short-circuit currents. It is
a Technical Report.

This second edition cancels and replaces the first edition published in 2000. This edition
constitutes a technical revision.

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

a) adaption to IEC 60909-0:2016;

b) addition of an example for the calculation of short-circuit currents of wind power station
units;

c) correction of errors.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

73/187/DTR 73/193/RVDTR

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

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60909 series, published under the general title Short-circuit currents
in three-phase AC systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 4: Examples for the calculation of short-circuit currents

1 Scope

This part of IEC 60909, which is a Technical Report, is intended to give help for the application
of [EC 60909-Q for the calculation of short-circuit currents in 50 Hz or 60 Hz three-phase AC

systems.

This document does not include additional requirements but gives support for the modelling of
electrical equipment in the positive-sequence, the negative-sequence and the zero-sequence
system (Clause 4), the practical execution of calculations in a low-voltage system (Clause 5),
a medium-voltage system with asynchronous motors (Clause 6) and a power station unit with
its auxiliary network feeding a large number of medium-voltage asynchronous motors and low-
voltage motor groups (Clause 7).

The three examples given in Clauses 5, 6 and 7 are similar to those given in IEC TR 60909-
4:2000 but they are revised in accordance with JEC 60909-0, which replaces it. The example
given in Clause 8 is new and mirrors the introduction of the new 6.8 of IEC 60909-0:2016.

Clause 9 gives the circuit diagram and the data of a test network and the results for a calculation
carried out in accordance with |[EC 60909-0, to offer the possibility for a comparison between
the results found with a digital program for the calculation of short-circuit currents and the given

results for Ik A A 1;1 and Ip1 in a high-voltage network with power station units,

generators, asynchronous motors and lines in four different voltage levels 380 kV, 110 kV,
30 kV and 10 kV.

2 Normative references
IEC 60038:2009, /IEC standard voltages

IEC 60909-0:2016, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

3 Terms and definitions, symbols and indices, and formulae

For the purposes of this document, the terms and definitions, symbols and indices, and formulae
given in |EC 60909-0 apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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4 Positive-sequence, negative-sequence and zero-sequence impedances of
electrical equipment

4.1 General

In addition to Clause 6 of IEC 60909-0:2016, modelling and calculation of the positive-sequence
and the zero-sequence impedances of electrical equipment is given. In most cases, the
negative-sequence impedances are equal to the positive-sequence impedances when
calculating the initial symmetrical short-circuit currents, but see 6.6.1 of IEC 60909-0:2016 and
IEC TR 60909-2.

4.2 Overhead lines, cables and short-circuit current-limiting reactors

Figure 1 demonstrates the meaning and the principal measurement of the positive-sequence
[Figure 1 a)] and the zero-sequence [Figure 1 b)] impedances of lines with one circuit L1, L2,

L3.

L1 i1 T4 ) L1 L= -
G L2 _ 1

1~ ot o
L3 A 4

U .,=U
31(0) V L1 (0)
E

S N SN 2

a) Positive-sequence b) Zero-sequence

NOTE Positive-sequence:
Zqy =YL =UyylLiqy with Uy 4 +U; 5 +U 3 =0 and U4 =U5 =U3
Zero-sequence:

Zoy =Yl 1 =UgylLigy with U 4 =U, 5 =U 3 =U gy and [j1 =1L 5 =1 3=1p

Figure 1 — Positive-sequence and zero-sequence impedances
of an overhead line (one circuit) and cable (cross-bonded)

In practice, the measurement of voltage U 4 and current /|  leads to the absolute value Z of the
impedance. Together with the measurement of the total loss Py, at the current I 4, it is possible
to find the complex value Z of the impedance:

z-Yu R:P\g X=vz72-R2  Z=R+jX
14 317

Formulae for the calculation of the positive-sequence and the zero-sequence system
impedances of overhead lines with one or two parallel circuits (double circuit line) and without
or with one or two earth wires are given in IEC TR 60909-2. The negative-sequence impedance
is equal to the positive-sequence impedance assuming transposed lines and cross-bonded
cables, respectively. The measurements to find the positive-sequence and the zero-sequence
impedances of cables with sheath, shielding and armouring are similar to those given in Figure
1. Examples are given in IEC TR 60909-2. In the case of the zero-sequence impedance, the
earthing of the sheath or the shielding or the armouring is important as well as the number of
parallel cables. In the case of low-voltage four-core cables, the cross-section of the earthed
core has an influence on the zero-sequence impedance. Documents
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Figure 2 demonstrates the meaning and the principal measurement of the positive-sequence
[Figure 2 a)] and the zero-sequence impedance [Figure 2 b)] of a three-phase AC short-circuit
current-limiting reactor.

4454y
N | S

A—

Y 4=y

OIS

IEC

a) Positive-sequence b) Zero-sequence

NOTE Positive-sequence:
Z4y = UL/ = Uyl Lgy with Uy +U1p +U; 3=0 ang Uy =Upp =Up3
Zero-sequence:

Zoy =U1/L 1 =Ug)lLigy with Uy 1 =U 5 =U 3 =U\y and L1 =115 =1 3=1

Figure 2 — Positive-sequence and zero-sequence impedance
of a short-circuit current-limiting reactor

If the magnetic coupling between the three coils without or with iron core is small, the zero-
sequence impedance Z(0) is approximately equal to the positive-sequence impedance Z(1y-

When calculating short-circuit currents in high-voltage systems, it is generally sufficient to use
the reactance only.

4.3 Transformers
4.3.1 General

Unit transformers of power station units are also dealt with in 4.4.

Network transformers have two, or three or even more three-phase windings. Figure 3 gives an
example for the positive-sequence [Figure 3 b)] and the zero-sequence system impedances
[Figure 3 c)] of a two-winding transformer with the vector group YNd5 [Figure 3 a)].

In the case of three-winding transformers (examples are given in Table 3 of IEC TR 60909-
2:2008), it is necessary to measure three different impedances and then to calculate the three
impedances of the equivalent circuit in the positive-sequence or the zero-sequence system of
the transformer (see 6.3.2 of IEC 60909-0:2016 and the example in 4.3.2 of this document).

Table 1 gives examples for the equivalent circuits in the positive-sequence and the zero-
sequence system of two- and three-winding transformers with different earthing conditions on
the HV- and the LV-side. The impedances of Table 1 are related to side A, which may be the
HV-side or the LV-side of the transformer.
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T, YNd5
™
1U,17V,AW  HV LV 2U,2v,2w

E
DNNN X NI

IEC

a) Two-winding transformer with the terminals 1U,1V,1W at the high-voltage side
and 2U,2V,2W at the low-voltage side

U lL1 = 1(1)
—p
G \Y
3~ _
W Zn= 7
> 1
E U,
SIDINIIN A AN AN IEC
b) Positive-sequence and negative-sequence impedance gm = g(z)
I
u =0
P
Vv
N )
I
W R0
U
=) , :
D S I N A AN IEC

c) Zero-sequence impedance g(o)
2 In the case of a delta winding, it is not necessary to introduce the short circuit and the earth connection.

Figure 3 — Positive-sequence and zero-sequence system
impedances of a two-winding transformer YNd5

As shown in Table 2, transformers with the vector group Yy should not be used in low-voltage
systems with low-impedance earthing on the LV-side (TN-network), because Z(gy may be very

high, so that short-circuit protection may fail. For feeding TN-networks, transformers of no. 2 or
3 in Table 1 should be used.

Transformers with the vector group YNyn,d are typical in high-voltage networks, with neutral
point earthing normally only on one side (A or B). The examples no. 4b and 6 of Table 1 show
that the zero-sequence system of both networks are coupled, if both the neutral points A and B
are earthed (earthing switch ES in case no. 4b closed). In these cases, additional considerations
are necessary, especially if the transformation ratio is high, to find out if this coupling is
admissible. Case no. 5 of Table 1 gives an example how to avoid this coupling in the zero-
sequence system. Case no. 9 of Table 1 gives a further example to avoid the coupling in the
zero-sequence system if two parallel transformers at the same place or at different places are
present.
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Table 1 — Examples for equivalent circuit-diagrams of transformers
in the positive-sequence and the zero-sequence system

No. | Vector Transformer Positive-sequence Zero-sequence system
group system
1a YNy a) b)
A B
)\ A—-_ |——B A — B
Z(1) Z(O)
= IEC 01 00
IEC IEC
1b | YNy a) b)
A B
)\ A—-_ |——B
V4
=
Zy
= IEC 01
IEC IEC
2 Dyn b)
A B a)
—
/\ : ° ho :
Z 7
=(0)
= 01
IEC IEC 00
IEC
3 YNd A B
ZNy i t
ZNd a) b)
Zy
- A—-_ |——B
Z(1)
01
IEC IEC
4a | YNdy c) d)
C o
A Cc B c
Z(1)c
3Zy Z(O)A Z(O)B
> A B Aol H F —B
N Zam Zog
= IEC Z(O)C
01 00
IEC IEC
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No. | Vector Transformer Positive-sequence Zero-sequence system
group system
4b | YNdyn c)
e) d)
A c B £1)c — % B
/i\ A A ®
j_ES z, Zam Zp
1 T IEC
= IEC | o4
IEC
5 YNdz
c) d)
A ] B B
)E F _ ;
Z
=" A, 34 Zon  Zoe g g
A
ol | A — :
X, Zia Zyg Zoe X
= IEC | 00 =
IEC X=X * 31)2"4
6 YNdyn g)
f)
o C
Z ‘Z, Zo) Zop 'z,
(nc
A o H H o B
A B 7
Zaoa  Zue 2= 3= 1) || TOe "2, =32(1= 1)
01 *Zy= 32t 7, 1=U, Uy
EC | g9
IEC
7 YNdzn
f 9)
A Cc B o C
=(1c
A 3Za Zo Zos
Zya Zyg A B A o H H o B
L L Z Z 2
o (1)A (1)B 3Z5(Un! Ug)
01 00
IEC IEC
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No. | Vector Transformer Positive-sequence Zero-sequence system
group system
8 YNa+d 9)
Auto-transformer with
three separate units f) c
A c
c “Z, Z(O)A Z(O)B 'z,
A o H o B
=(1c
A B Z(0)(:
— Z(1)A Z(1)B
Zy
A Connection outside 01 00
the transformers IEC *Zy, *Zy, *Zy as in case No. 6
IEC _ . _ . _
Zon= Zayw Lo = e Lo = Lo jec
9 YNdy f
h) ) 9)
Ydyn
o C1
A Z(0)A1 Z(O)B1 B
00
Z(0)02
Z Z — H
Lma2 L2 Zono Zoyg2 3Z(Uy | Ug)?
01 °C2

IEC

a)

b)

d)

e)

9)

h)

Zk = Ky Zy; K¢ from Formula (12a) or (12b) of IEC 60909-0:2016.

Zoyk = Ky Z(0), Ky from Formula (12a) or (12b) of IEC 60909-0:2016; ZN without correction factor.

K. K.

TAB’

TAC’ KTBC

from Formula (13) of IEC 60909-0:2016.

Correction factors as indicated under 3); Zy and Xg without correction factor.

Earthing switch.

K.

TAB’ K

TAC’ KTBC

from Formula (13) of IEC 60909-0:2016.

Corrections factors as indicated under 3); Z, without correction factor.

Two parallel three-winding transformers with an earthing pattern to separate the zero-sequence

systems of the networks A and B.

In case no. 8 for auto-transformers with neutral point earthing Zy # «, three separate units and

an additional auxiliary winding in delta connection, the coupling between the zero-sequence
systems of the networks connected to both sides of the transformer cannot be avoided. To find
the impedances *Z,, *Z, and *Z; as a function of Z # «, special calculations are necessary as

given under case no. 6 in Table 1.

Booster transformers (or regulating transformers for voltage and/or phase-angle control) are
represented as network transformers with an equivalent generally of form no. 6 in Table 1. The
construction and connection arrangement of shunt transformers will determine whether Zo)c

has a finite low value and, in this case, it will be necessary to measure three different
impedances, as with three-winding transformers, in order to calculate the impedances of the
equivalent circuit.
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Table 2 gives some approximations for the ratios X(O)T/XT of transformers, if one neutral point

of the transformer is earthed. In the case of three-winding transformers (cases no. 4 to 7 and 9
of Table 1), the reactance XT = X(1)T is given by X(1)T = X(1)A + X(1)B

Table 2 — Approximations for the ratios X(o,r/Xy of two- and three-winding transformers

Construction of Vector group
transformers
YNd or Dyn Yzn YNynd YNy ¢ or YNz
Three cores 0,7...1,02 3...10
Five cores 1,0 0,1...0,15 1..3,56° 10...100
Three single-core 1,0 10...100
transformers

a8  Transformers with small apparent power: X(O)T/XT ~ 1,0 (for instance distribution transformers Dyn5 with S ; =
400 kVA, U1 /Uiy = 10 kKV/0,4 kV).

r

b The ratio X(O)T/XT depends on the construction of the transformer, see IEC TR 60909-2.

¢ Transformers Yy should not be used in networks with low impedance earthing, for instance in low-voltage TN-
networks (see IEC 60364-4-41).

4.3.2 Example

The following is an example for the impedances and equivalent circuits of a three-winding
network transformer YNynd5, S.tpypmy = 350 MVA.

Figure 4 gives the equivalent circuits of a three-winding network transformer [Figure 4 a)] in the
positive-sequence [Figure 4b)] and the zero-sequence system [Figure 4c)]. The negative-
sequence system is equal to the positive-sequence system (see no. 4b in Table 1 with Z = 0).

cY cCoO
Zc

A B VA Z

- Aj—/ O — — 8
Zy Zy

Z(0)0

IEC IEC
a) Vector group and b) Positive-sequence system c) Zero-sequence system

terminals of the
transformer YNynd5

Figure 4 — Equivalent circuits of a three-winding network transformer

The following data are given from measurements:

Utpy = 400 kV Umy = 120 kV ULy = 30 kV

SitHy = 350 MVA Setmy = 350 MVA SetLy = 50 MVA

Ugrpymy = 21 %; ugpymy = 0,26 %;  referred to Sirpymy = 350 MVA Uirpy = 400 kV

uenvry = 10 %; ugrpyLy = 0,16 % referred to S;tpyLy = 50 MVA Urrpy = 400 kV

ueemvLy = 7 %; ugemvry = 0,16 % referred to Sy = 50 MVA Urmy = 120 kV
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From Formula (10) of IEC 60909-0:2016, the following impedances of the positive-sequence
system are found, related to the MV-side B:

2
ZAB _ URrHVMV +j UXrHVMV UrTMV _ (0,1 06 971+j8,639 338) Q
100 % 100 % ) Serhvmy

2
Znc = URrHVLV +j UXrHVLV Urtmv — (0,460 800 + j28,796 313)
100 % 100 % SeTHVLY

2
Zpo =| MRMVLY. ; txawviy | Uity — (0,460 800+ 20,154 733) Q
100 % 100 0/0 SrTMVLV

The calculations are carried out here with six-figure numbers following the decimal comma,
because this example is used also for the test network in Clause 9 (transformers T3 = T4).

With the rated relative reactances x; found from the reactive short-circuit voltage
uy, = Jud —ud, according to Formula (10d) and Table 1 of IEC 60909-0:2016, the following
impedance correction factors (Formula (13) of IEC 60909-0:2016) are found:

1,1

K1pg =0,95 Cmax =0,95 =0,928 072
1+0,6 x1pB 1+0,6-0,209 984
Cmax 1,1
K1pc =0,95 =0,95 =0,985 856
1+0,6 x7ac 1+0,6-0,099 987
Cmax 1,1
Ktgc =0,95 =0,95 =1,002 890
1+0,6 xrg¢ 1+0,6-0,069 982

Together with these correction factors, for instance Zygx = K1ag Zag, the following corrected
impedances (index K) are found:

Zpgx = (0,099 277 +8,017 927)Q
Zacx = (0,454 283 + 28,389 024)Q

Zgck =(0,462132+ 20,212 973)Q

The corrected equivalent positive-sequence impedances in Figure 4 b), related to the MV-side,
are calculated with Formulae (11a), (11b), (11c) of IEC 60909-0:2016.

Zpk = (0,045 714 + 8,096 989)Q

Zpk = (0,053 563 -j0,079 062)Q
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Zok =(0,408 568 + 20,292 035)Q

For the equivalent model of the transformer in the zero-sequence system [Figure 4 c)], the
following reactances are known, related to the medium-voltage side B:

Xop =8,95510 X =-0,6881 0 X =18,83071 2

If only the medium-voltage neutral point of the transformer is earthed, the effective zero-
sequence reactance is the sum of X)g and Xq)c leading to Xy When introducing the

impedance correction factor Ktgc:

Xomvk = KrecX(0)8 * X(0)c) = 18,195 036 Q

4.4 Generators and power station units
4.4.1 General

For synchronous generators without unit transformers in low- and medium-voltage networks,
the positive-sequence reactances are X;, X('j and X4 (see IEC TR 60909-2). In the first

moment of short circuit, the subtransient reactance X:, leads to Ik

In this case X; zX:, and therefore the reactance of the negative-sequence system is

approximately equal to the subtransient reactance: X2 = X(';. If X:‘ is considerably different

from Xy, then Xz =O,5(X; +X;) should be used (see Formula (19) of IEC 60909-0:2016).

The zero-sequence reactance X g, is smaller than the subtransient reactance and depends on

the winding configuration of the synchronous machine (see 2.2 of IEC TR 60909-2:2008). If the
neutral point of the generator is earthed by an additional impedance (preferably a reactance

between neutral point and earth to limit the line-to-earth short-circuit current 1;1 < 1; and/or to

suppress third-order currents in the case of generators in parallel to transformers with neutral
points, which are earthed in the same part of the network), the impedance correction factor Kg

shall be used in the positive-sequence, the negative-sequence, and the zero-sequence system.
But Kg shall not be used for the additional neutral point impedance (see 6.6.1 of

IEC 60909-0:2016).

The zero-sequence impedance [Figure 5 c)] at the high-voltage side of the power station unit is
given by the zero-sequence impedance of the unit transformer and the threefold value of the
impedance Zy between the neutral point of the transformer (HV-side) and earth, in the case of

a power station unit (S) with on-load tap changer [Figure 5 a)] (see 6.7.1 of IEC 60909-0:2016)
or without on-load tap changer (see 6.7.2 of IEC 60909-0:2016). The positive-sequence and
the negative-sequence impedance [Figure 5 b)] of the power station unit shall be calculated
with Formula (21) or Formula (23) of IEC 60909-0:2016 together with the impedance correction
factor Kg from Formula (22) or Kgg from Formula (24) of IEC 60909-0:2016. The zero-sequence

impedance of the power station unit is found with Zgysk = Ks'Z()THy + 32y, respectively
Zo)sok = Kso'Z(0)THv * 3ZN-
The impedance correction factor shall be used as follows:

a) for the positive-sequence impedance:
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Zsk = Ks |:tr2 '(RG +jX:i)+ZTHV] Zsok = Kso l:trz ‘(RG +jX:i)+ZTHVj|
d) for the negative-sequence impedance:
2 . 2 .
Zosk = Ks '[fr (RG +JX(2)G)+ZTHV} Z)sok = Kso '[tr '(RG +JX(2)G)+ZTHv:|

e) for the zero-sequence impedance:
Zoysk = Ks - Zoyrhv +32n Zoysok = Kso Zyrhv +32ZN

The current 31(0)3 passes from the neutral point of the unit transformer to the impedance Zy, if

this exists; the earthing arrangement of the power station hence leads to a potential rise of the
touch and step voltages.
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S=G+T

k3
k1

IEC

a) Circuit diagram

Z,, [Formula (21), IEC 60909-0:2016]

| —

—_—
Ks(Rg *+JXg) 17 KsZry

IEC
b) Positive-sequence system for the calculation of Ik
F
Z, [Formula (21), IEC 60909-0:2016] 1(1)“
11)5 1(1)Q Zq
| — I~
I 1=
Sy 2
Ks(Rg + X' 1} KeZrv C) T cU, ! \3
01
Zsk loA Vin=le=le=Tu’3
1(2)5 l(z)Q Q
| —
LI
Sy 2
KyRg +1X) 1} KsZry
02
I
Z sk foh
— 1(0)5 I(O)Q Z(O)Q
1 =
K
3z, S%(0)THV
00
IEC

c) Positive-, negative- and zero-sequence system for the calculation of 1k1 and the partial short-circuit
currents 1(1)Q’ I(Z)Q’ I(O)Q, I(1)s’ I(2)s7 and I(o)s, X(2)G =Xy

Figure 5 — Short circuit at the high-voltage side of
a power station unit with on-load tap changer

If the partial short-circuit currents /(4)s, /(5)5 and /(gyg are calculated, the impedance correction

factor according to Formula (22) of IEC 60909-0:2016 for power station units with on-load tap-

changer shall be introduced, depending on the possible operating range of the generator (see

EC 60909-0). In the case of power station units without on-load tap-changer, the correction

factor Kgo from Formula (24) of IEC 60909-0:2016 can be used when calculating /(1)so. /(2)so
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4.4.2 Example

Example for the calculation of impedances and short-circuit currents in the case of a short circuit
at the high-voltage side of a power station unit with on-load tap-changer.

For this example, the data of the power station S1 = G1 + T1 in Figure 20 shall be used. The
neutral point of the unit transformer YNd5 is earthed through a reactance Xg4 = 22 Q (R4 <<

Xg1) to reduce the earth-fault factor in the case of load rejection and a simultaneous line-to-
earth short circuit at the high-voltage side of the unit transformer (see 9.2.1).

— Generator:
S,g = 150 MVA; U,g = 21 kV; x:j = 0,14 p.u.; xgeet = 1,8 p.u.; cosg,g = 0,85;
Rg = 0,002 Q (turbogenerator working only in the overexcited region)

— Unit transformer:

— Network feeder (found from a network reduction):
Unq = 110 kV; comax = 1,15 Lq =13,61213kA; RqlXq = 0,203 28; Xq)q/Xq = 3,479 27;
R(0)a/Rq = 3,033 61

The following results are found for this example (see Figure 5):

(21kV)?

Z~=Rs+jXy=]0002 Q+j0,14
£6 = fe Tl4d B 50 Mva

=(0,002+j0,4116)Q

Zg =Zg 17 =(0,05998+(12,34333)2  with =115 kV/21kV

2
Zry = | SRt Yrthy =(0,440 83 +j14,099 78)Q
= 100% 100% ) St

With uy, = \Ju? —u?, =15,99219% (x7 =0,1599219 p.u.)

2 2
Uha . Uty . Cmax

2 2 :
UG Umnv 1+‘xd—xT‘«/1—cosz¢rG

Kg = =0,99597 (see Formula (22) of IEC 60909-0:2016):

Zsk =Ks [trz Zg +ZTHV} = (0,498 79+ 26,336 68)(2
In the case of a three-phase short circuit (Figure 5) with U, = U q:

cU,

D _(0,05022-2,65160)kA I =2,652 08 kA

I =
NG Zsk
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" cU "
Iyq = n =(2,711 61-j13,339 31)kA Iyq =13,61213 kA
\/§ZQ
. 1,10,
with 7o =@ and  x, = e = 0,979 96 Zg
\/§le 1+(RQ /XQ)2

Iy = Iig + L = (276183115990 91) KA [ = 16,227 66 KA
This result is also given in Table 22 for the test network.

Line-to-earth short-circuit current 1;'(1 (see Formula (54) of IEC 60909-0:2016):

ZekZ
Zyy=K=2 = (0,73267 +4,24215)Q Zo) = L)
Zsk*<q
Z sk Z
Z(g) = KZO0 (2,093 92 + 14,398 90)

Zoysk T Z0)a
with Zioysk = KsZgythy +3Zy

= (0,440 83+j0,95-14,099 78)9-0,995 98 +j66Q = (0,439 06 +j79,340 87)Q
and Zyq =(310142+17,498 23)Q

\/ch \/ch
n _ n

Zoay*Zoyt Loy 2Za)* 2

—(1,390 88 -j8,94226)kA I, = 9,049 79 kA

Iyq =

This result is also given in Table 23 for the test network.

Partial short-circuit currents in Figure 5:

Lis =L2)s =%'ZSKZ—SZQ=(O’OO1 09 - j0,493 00)kA
L = L2 = % ZSKZS 7 (0,462 54 - 2,487 76 kA
Logs = % Z(o)si(?QZ(o)Q = (0,008 53 - 0,553 14)kA
Lo = Lo Zosc (0,455 10 - 2,427 61)kA

3 Zosk * Zon
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Iips =a’I(ys *al(p)s *+ L(g)s = (0,007 44 - 0,060 14)kA

Ii3s =al(gg + 321(2)3 + Lig)s = (0,007 44 - j0,060 14)kA

Current from the transformer neutral point to the earthing arrangement:

Ii1s *+ I o5 + 1135 = 3 (g)s = (0,025 60 - 1,659 42)kA

5 Calculation of short-circuit currents in a low-voltage system U, = 400 V

5.1 Problem

A low-voltage system with U,, = 400 V and /= 50 Hz is given in Figure 6. The short-circuit

currents 11: and i, shall be determined at the short-circuit locations F1 to F3. It may be assumed

that the short circuits at the locations F1 to F3 are far-from-generator short circuits (see 3.16
of IEC 60909-0:2016).

The equipment data for the positive-sequence, the negative-sequence and the zero-sequence
systems are given in Table 3.
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Figure 6 — Low-voltage system U, = 400 V with short-circuit locations F1, F2, F3
5.2 Determination of the positive-sequence impedances
5.2.1 Network feeder

According to Formula (6) of IEC 60909-0:2016 with cq=C¢qmax = 1,1 (see Table 1 of
IEC 60909-0:2016), it follows:

S _%Ung 1 _1120kV [0,41 kV

By 2 B-10KAL 20 kV
o Zat 0,534
Qt — > _\/ >
T+(Rat / Xqt)*  y1+(01)

Zqt =(0,053+]0,531) mQ

2
] =0,534 mQ

mQ =0,531mQ RQt = 0,1 XQt = 0,053 mQ
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Table 3 — Data of electrical equipment for the example in Figure 6 —

Positive-sequence and zero-sequence impedances (Z3) = Z(4))

Equipment Data Formulae ;(1) ;(0)
(IEC 60909-
0:2016)
mQ mQ
Network " -
feeder Unq = 20 kV; Ixq = 10 kA
Q €q = Camax = 1,1 (Table 1 of (6) 0,053 +j0,531
IEC 60909-0:2016)
Ry = 0,1 X,
Transformers
T1 St =630 kVA; U1y = 20 kV 2,684 +j10,053 2,684 +j9,550
(Dyn 5) Uy =410 Vs uy =4 %;
Py 1 = 6,5 kW; R(O)T/RT =1,0; ) to (9)
Xo)r/X7 = 0,95. K from (12a)
T2 St =400 kVA; U1y, = 20 kV 4,712 +j15,699 4,712 + j14,914
(Dyn 5) Uy =410 V5w = 4 %;
Py 1 = 4,6 kKW; R(O)T/RT =1,0;
X(O)T/XT =0,95.
Lines
L1 Two parallel four-core cables; 0,385 +j0,395 1,425 +j0,715
¢ =10m; 4 x 240 mm2 Cu
z, = (0,077 +j0,079) Q/km
Ry = 3,7R; Xoy = 1,81 X,.
L2 Two parallel three-core cables; 0,416 +j0,136 1,760 + j0,165
£ =4m; 3 x 185 mm2Al;
2, = (0,208 + j0,068) Q/km Data and ratios
Ry =423 R;; X = 1,21 X, Ry /R
X(O)L/XL
L3 Four-core cable Q'Ve“fbytthe 5,420 + j1,740 16,260 + j7,760
¢ =20m; 4 x 70 mm?2 Cu; m??:)a(c;ér)m
Z, = (0,271 +j0,087) Q/km
Ry = 3R;; Xy = 4,46X, .
L4 Overhead |ine; ¢ =50m: 18,519 + J14,850 37,037 + J44,549
g, =50 mm? Cu; d = 0,4 m;
r = 4,55 mm?
Z, = (0,3704 +j0,297) Q/km
R(O)L = 2RL; X(O)L = 3XL.; n=1
5.2.2 Transformers

According to Formulae (7) to (9) and (12a) of IEC 60909-0:2016, it follows:

— Transformer T1:

Uiy 4% _(410\/)2

=10,673 mQ

_ T _
T7100% Sqq 100% 630KVA
2 2
Rpq=—tm1__ Fgms Uty _ 6:5KW-(410V)
2 2
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Xpq =473 - B3, =10,312 mQ im0 MY 3565 pu
UZiv/Sm1 (410V)?/630KVA

Z11=(2753+]10,312) mQ

1,05

K74 =0,95.—Max__ _o5. =0,975
1+0,6x71 1+0,6-0,038 65
Transformer T2:
2 2
_ g2 Ufrary _ 4% (410V) _16.810 MO
T27100% S, 100% 400kVA
2 2
2o = B2 UaLy _ 4,6k W-(410V) 4833 MmO
53, (400 kVA)®
Xrp =72y —R2, =16,100 mQ =t 16100MQ 40585000,

Uk I Sr (410V)? 1 400kVA
Zrp = (4,833 +]16,100)mQ

Krp =0,95.— “max__ _ 0,95.L ~0,975
1+ 0,6x7, 1+0,6-0,038 31

Ziok =K19 Z19 = (4,712+j15,699)mQ

5.2.3 Lines (cables and overhead lines)

5.3

Line L1 (two parallel four-core cables):
. Q .
Z 4= 0,5-(0,077+]0,079)m-10 m = (0,385 +j0,395)mQ
Line L2 (two parallel three-core cables):
Zy5 =0,5:(0,208 +0,068)- > 4m = (0,416 + }0,136)mQ2
m
Line L3 (four-core cable):
Z, 3 =(0271+ j0,087)k£-20 m = (5,420 + j1,740)mQ
m

Line L4 (overhead line, according to Formulae (14) and (15) of IEC 60909-0:2016):
2

' P Qmm Q
£ MM 037042
A 9n  54m-50mm? km
-4
X =2nf P01 nd ) op.s0s ! ATI0 HIT  0AM 1097 @
2nl4 2nkm (4 0,455.102m km

Zi4= (R'L4 +jX'L4)-e = (O,370+j0,297)%-50m — (18,519 + j14,850)mQ

Determination of the zero-sequence impedances

5.3.1 Transformers

For the transformers T1 and T2 with the vector group Dyn5, the following relations are given by
the manufacturers:
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