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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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• 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 IEC 60909-0 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 IEC 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 IEC 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 " "

k p k k1b, , , ,I i I I I  and p1i   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 IEC 60909-0 apply. 

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO 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.  

  

a) Positive-sequence b) Zero-sequence 

NOTE Positive-sequence: 

(1) L1 (1)L1 (1)/ /Z U I U I= =  with L1 L2 L3 0U U U+ + =  and L1 L2 L3U U U= =   

Zero-sequence: 

(0) L1 (0)L1 (0)/ /Z U I U I= =  with L1 L2 L3 (0)U U U U= = =  and L1 L2 L3 (0)I I I I= = =  

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

In practice, the measurement of voltage UL1 and current IL1 leads to the absolute value Z of the 
impedance. Together with the measurement of the total loss PV at the current IL1, it is possible 
to find the complex value Z of the impedance: 

 
U

Z
I

= L1

L1
 P

R
I

= V
2
L13

 X Z R= −² ²  Z R X= + j  

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. 
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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. 

  

a) Positive-sequence b) Zero-sequence 

NOTE Positive-sequence: 

(1) L1 (1)L1 (1)/ /Z U I U I= =  with U U U+ + =L1 L2 L3 0  and U U U= =L1 L2 L3  

Zero-sequence: 

(0) L1 (0)L1 (0)/ /Z U I U I= =  with L1 L2 L3 (0)U U U U= = =  and L1 L2 L3 (0)I I I I= = =  

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

 

b) Positive-sequence and negative-sequence impedance Z(1) = Z(2) 

 

c) Zero-sequence impedance Z(0) 

a 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(0) 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 
group 

Transformer Positive-sequence 
system 

Zero-sequence system 

1a YNy 

 

a) 

 

b) 

 

1b YNy 

 

a) 

 

b) 

 

2 Dyn 

 

a) 

 

b) 

 

 

3 YNd 

ZNy 

ZNd 

 

a) 

 

b) 

 

4a YNdy 

 

 

c) 

 

d) 
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No. Vector 
group 

Transformer Positive-sequence 
system 

Zero-sequence system 

4b YNdyn 

e) 

 

c) 

 

d) 

 

5 YNdz 

 

c) 

 

d) 

 

6 YNdyn 

 

f) 

 

g) 

 

7 YNdzn 

 

f) 

 

g) 
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No. Vector 
group 

Transformer Positive-sequence 
system 

Zero-sequence system 

8 YNa+d 

 

f) 

 

g) 

 

9 YNdy 

Ydyn 
h) 

 

f) 

 

g) 

 

a) Z(1)K = KT Z(1); KT from Formula (12a) or (12b) of IEC 60909-0:2016. 

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

c) KTAB, KTAC, KTBC from Formula (13) of IEC 60909-0:2016. 

d) Correction factors as indicated under 3); ZN and XS without correction factor. 

e) Earthing switch. 
f) KTAB, KTAC, KTBC from Formula (13) of IEC 60909-0:2016. 

g) Corrections factors as indicated under 3); ZN without correction factor. 

h) 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 ZN ≠ ∞, 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 *Z1, *Z2 and *Z3 as a function of ZN ≠ ∞, 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 Z(0)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(0)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(0)T/XT of two- and three-winding transformers 

Construction of 
transformers 

Vector group 

YNd or Dyn Yzn YNynd YNy c or YNz 

Three cores 0,7...1,0 a   3...10 

Five cores 1,0 0,1...0,15 1...3,5 b 10...100 

Three single-core 
transformers 

1,0   10...100 

a Transformers with small apparent power: X(0)T/XT ≈ 1,0 (for instance distribution transformers Dyn5 with SrT = 
400 kVA, UrTHV/UrTLV = 10 kV/0,4 kV). 

b The ratio X(0)T/XT depends on the construction of the transformer, see IEC TR 60909-2. 
c 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, SrTHVMV = 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 ZN = 0). 

   
a) Vector group and 

terminals of the 
transformer YNynd5 

b) Positive-sequence system c) Zero-sequence system 

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

The following data are given from measurements: 

UrTHV = 400 kV UrTMV = 120 kV UrTLV = 30 kV 

SrTHV = 350 MVA SrTMV = 350 MVA SrTLV = 50 MVA 

ukrHVMV = 21 %; uRrHVMV = 0,26 %; referred to SrTHVMV = 350 MVA UrTHV = 400 kV 

ukrHVLV = 10 %; uRrHVLV = 0,16 % referred to SrTHVLV = 50 MVA UrTHV = 400 kV 

ukrMVLV = 7 %; uRrMVLV = 0,16 % referred to SrTMVLV = 50 MVA UrTMV = 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: 

( ) Ω
2

RrHVMV XrHVMV rTMV
AB

rTHVMV
j 0,106 971 j8,639 338

100 % 100 %
u u U

Z
S

 
= + = + 
 

 

( ) Ω
2

RrHVLV XrHVLV rTMV
AC

rTHVLV
j 0,460 800 j28,796 313

100 % 100 %
u u U

Z
S

 
= + = + 
 

 

( ) Ω
2

RrMVLV XrMVLV rTMV
BC

rTMVLV
j 0,460 800 j20,154 733

100 % 100 %
u u U

Z
S

 
= + = + 
 

 

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 xT found from the reactive short-circuit voltage 
2 2

Xr kr Rru u u= − 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: 

max
TAB

TAB

1,10,95 0,95 0,928 072
1 0,6 1 0,6 0,209 984

c
K

x
= = =

+ + ⋅
 

max
TAC

TAC

1,10,95 0,95 0,985 856
1 0,6 1 0,6 0,099 987

c
K

x
= = =

+ + ⋅
 

max
TBC

TBC

1,10,95 0,95 1,002 890
1 0,6 1 0,6 0,069 982

c
K

x
= = =

+ + ⋅
 

Together with these correction factors, for instance ZABK = KTAB ZAB, the following corrected 
impedances (index K) are found: 

( )ABK 0,099 277 j8,017 927Z = + Ω  

( )ACK 0,454 283 j28,389 024Z = + Ω  

( )BCK 0,462 132 j20,212 973Z = + Ω  

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. 

( )AK 0,045 714 j8,096 989Z = + Ω  

( )BK 0,053 563 j0,079 062Z = − Ω  
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( )CK 0,408 568 j20,292 035Z = + Ω  

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: 

(0)A 8,555 1X = Ω  (0)B 0,688 1X = − Ω  (0)C 18,830 71X = Ω  

If only the medium-voltage neutral point of the transformer is earthed, the effective zero-
sequence reactance is the sum of X(0)B and X(0)C leading to X(0)MVK when introducing the 
impedance correction factor KTBC: 

X(0)MVK = KTBC(X(0)B + X(0)C) = 18,195 036 Ω 

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 "

dX , '
dX  and dX  (see IEC TR 60909-2). In the first 

moment of short circuit, the subtransient reactance "
dX  leads to "

kI . 

In this case " "
q dX X≈  and therefore the reactance of the negative-sequence system is 

approximately equal to the subtransient reactance: "
(2) dX X≈ . If "

qX  is considerably different 

from "
dX , then ( )" "

(2) d q0,5X X X= +  should be used (see Formula (19) of IEC 60909-0:2016).  

The zero-sequence reactance X(0) 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 " "

k1 kI I≤  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 ZN 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 KS from Formula (22) or KSO from Formula (24) of IEC 60909-0:2016. The zero-sequence 
impedance of the power station unit is found with Z(0)SK = KS·Z(0)THV + 3ZN, respectively 
Z(0)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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( )2 "
S r G dSK THVjZ K t R X Z = ⋅ ⋅ + +  

   ( )2 "
SO r G dSOK THVjZ K t R X Z = ⋅ ⋅ + +  

 

d) for the negative-sequence impedance: 

( )2
S r G (2)G(2)SK THVjZ K t R X Z = ⋅ ⋅ + +    ( )2

SO r G (2)G(2)SOK THVjZ K t R X Z = ⋅ ⋅ + +   

e) for the zero-sequence impedance: 

S(0)SK (0)THV N3Z K Z Z= ⋅ +      SO(0)SOK (0)THV N3Z K Z Z= ⋅ +  

The current 3I(0)S passes from the neutral point of the unit transformer to the impedance ZN, 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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a) Circuit diagram 

 

b) Positive-sequence system for the calculation of "
kI  

 

c) Positive-, negative- and zero-sequence system for the calculation of "
k1I  and the partial short-circuit 

currents I(1)Q, I(2)Q, I(0)Q, I(1)S, I(2)S, and I(0)S, "
(2)G dX X=  

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 I(1)S, I(2)S and I(0)S 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 
IEC 60909-0). In the case of power station units without on-load tap-changer, the correction 
factor KSO from Formula (24) of IEC 60909-0:2016 can be used when calculating I(1)SO, I(2)SO 
and I(0)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 XR1 = 22 Ω (RR1 << 
XR1) 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: 

SrG = 150 MVA; UrG = 21 kV; "
dx  = 0,14 p.u.; dsatx  = 1,8 p.u.; cosϕrG = 0,85; 

RG = 0,002 Ω (turbogenerator working only in the overexcited region)  

– Unit transformer: 
SrT = 150 MVA; UrTHV/UrTLV = 115 kV/21 kV; ukr = 16 %; uRr = 0,5 %; X(0)T/XT = 0,95; 
R(0)T/RT = 1,0; ZN = jXR1 = j 22 Ω 

– Network feeder (found from a network reduction): 

UnQ = 110 kV; cQmax = 1,1; "
kQ 13,612 13 kAI = ; RQ/XQ = 0,203 28; X(0)Q/XQ = 3,479 27; 

R(0)Q/RQ = 3,033 61 

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

( ) ( )
2

"
G dG

21kV
j 0,002 j0,14 0,002 j0,4116

150 MVA
Z R X

 
 = + = Ω + = + Ω
 
 

 

( )2
rGt G 0,059 98 j12,343 33Z Z t= ⋅ = + Ω   with  r 115 kV/21kVt =   

( )
2

Rr Xr rTHV
THV

rT
j 0,440 83 j14,099 78

100% 100%
u u U

Z
S

 
= + = + Ω 
 

 

with 2 2
Xr kr Rr 15,992 19 %u u u= − =  ( )T 0,159 9219 p.u.x =  

rG

2 2
nQ maxrTLV

S 2 2 " 2rG rTHV d T

0,995 97
1 1 cos

K
x x

U cU
U U

= ⋅ ⋅ =
+ − − ϕ

 (see Formula (22) of IEC 60909-0:2016): 

( )2
S r GSK THV 0,498 79 j26,336 68Z K t Z Z = ⋅ ⋅ + = + Ω   

In the case of a three-phase short circuit (Figure 5) with Un = UnQ: 

( )" n
kS

SK
0,050 22 j2,651 60 kA

3
cU

I
Z

= = −   "
kS 2,652 08 kAI =  
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( )
3

" n
kQ

Q
2,711 61 j13,339 31 kAcU

I
Z

= = −   "
kQ  = 13,612 13 kAI  

with nQ
Q "

kQ

1,1
3

U
Z

I
=  and 

( )
Q

Q Q2
Q Q

 =  = 0,979 96 
1+ /

Z
X Z

R X
 

( )" " "
k kS kQ =  +  = 2,76183 - j15,990 91  kAI I I  "

k  = 16,227 66 kAI  

This result is also given in Table 22 for the test network. 

Line-to-earth short-circuit current I "
k1 (see Formula (54) of IEC 60909-0:2016):  

( )SK Q
(1)

SK Q
0,732 67 + j4,242 15

+
Z

Z Z
Z Z

= = Ω    Z Z(2) (1) =  

( )(0)SK (0)Q
(0)

(0)SK (0)Q
 = 2,093 92 + j14,398 90Z

Z Z
Z Z

= Ω
+

  

with  S(0)SK (0)THV N3Z K Z Z= +  

  ( ) ( )0,440 83 j0,95 14,099 78 0,995 98 j66 0,439 06 j79,340 87= + ⋅ Ω ⋅ + Ω = + Ω  

and ( )(0)Q 3,101 42 j17,498 23Z = + Ω  

( )" n n
k1

(1) (2) (0) (1) (0)

3 3 1,390 88 - j8,942 26 kA
 +  + 2  + 

c U c U
I

Z Z Z Z Z
= = =   "

k1 = 9,049 79 kAI   

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

Partial short-circuit currents in Figure 5: 

( ) ( ) ( )
3

"
Qk1

1 S 2 S
SK Q

0,00109 - j0,493 00 kA
 + 

ZII I
Z Z

= = ⋅ =  

( ) ( ) ( )
"

Sk1
1 Q 2 Q

SK Q
 =  =  = 0,462 54 - j2,487 76 kA

3  + 
ZII I

Z Z
⋅  

( ) ( )
"

(0)Qk1
0 S

(0)SK (0)Q
 =  = 0,008 53 - j0,553 14 kA

3  + 
ZII

Z Z
⋅  

( ) ( )
"

(0)SKk1
0 Q

(0)SK (0)Q
 = 0,455 10 - j2,427 61 kA

3  + 
ZII

Z Z
= ⋅  

( ) ( ) ( ) ( )L1S 1 S 2 S 0 S =  +  +  = 0,010 72 - j1,539 14 kAI I I I  
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( ) ( ) ( ) ( )a a2
L2S 1 S 2 S 0 S =  +  +  = 0,007 44 - j0,060 14 kAI I I I  

( ) ( ) ( ) ( )a a2
L3S 1 S 2 S 0 S =  +  +  = 0,007 44 - j0,060 14 kAI I I I  

Current from the transformer neutral point to the earthing arrangement: 

( )L1S L2S L3S (0)S +  +  = 3  = 0,025 60 - j1,659 42 kAI I I I  

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

5.1 Problem 

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

currents "
kI  and ip 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. 

 

Figure 6 – Low-voltage system Un = 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 c c= =Q Qmax 1,1 (see Table 1 of  
IEC 60909-0:2016), it follows: 

2
Q nQ

Qt " 2
kQ r

1 1,1 20 kV 0,41 kV 0,534 m
20 kV3 10 kA3

c U
Z

I t

 ⋅
= ⋅ = = Ω 

⋅  

Qt
Qt 2 2

Qt Qt

0,534 m 0,531m
1 ( / ) 1 (0,1)

Z
X

R X
= = Ω = Ω

+ +
 Qt Qt0,1 0,053 mR X= = Ω

( )Qt 0,053 j0,531 mZ = + Ω  
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Table 3 – Data of electrical equipment for the example in Figure 6 –  
Positive-sequence and zero-sequence impedances (Z(2) = Z(1)) 

Equipment Data Formulae 
(IEC 60909-

0:2016) 

Z(1) Z(0) 

   mΩ mΩ 
Network 
feeder 

Q 
UnQ = 20 kV; "

kQI  = 10 kA 
  – 

cQ = cQmax = 1,1 (Table 1 of  (6) 0,053 + j0,531  
IEC 60909-0:2016)    
RQ = 0,1 XQ    

Transformers  

(7) to (9) 
KT from (12a) 

  
T1 SrT = 630 kVA; UrTHV = 20 kV 2,684 + j10,053 2,684 + j9,550 

(Dyn 5) UrTLV = 410 V; ukr = 4 %;   
 PkrT = 6,5 kW; R(0)T/RT = 1,0;   
 X(0)T/XT = 0,95.   

T2 SrT = 400 kVA; UrTHV = 20 kV 4,712 +j15,699 4,712 + j14,914 
(Dyn 5) UrTLV = 410 V; ukr = 4 %;   

 PkrT = 4,6 kW; R(0)T/RT = 1,0;   
 X(0)T/XT = 0,95.   

Lines  

Data and ratios 
R(0)L/RL 
X(0)L/XL 

given by the 
manufacturer 

(14), (15) 

  
L1 Two parallel four-core cables;  0,385 + j0,395 1,425 + j0,715 

 
 = 10 m; 4 × 240 mm² Cu   

'ZL = (0,077 + j0,079) Ω/km   

R(0)L = 3,7 RL; X(0)L = 1,81 XL.   

L2 Two parallel three-core cables; 0,416 + j0,136 1,760 + j0,165 
 

 = 4 m; 3 × 185 mm² Al;   

 'ZL = (0,208 + j0,068) Ω/km   

R(0)L = 4,23 RL; X(0)L = 1,21 XL.   
   

L3 Four-core cable 5,420 + j1,740 16,260 + j7,760 
 

 = 20 m; 4 × 70 mm² Cu;   

 'ZL = (0,271 + j0,087) Ω/km   

R(0)L = 3RL; X(0)L = 4,46XL.   

L4 Overhead line;  = 50 m: 18,519 + j14,850 37,037 + j44,549 

 qn = 50 mm² Cu; d = 0,4 m;   
 r = 4,55 mm2   
 'ZL = (0,3704 + j0,297) Ω/km   

R(0)L = 2RL; X(0)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: 

( )22
krT1 rT1LV

T1
rT1

410 V4% 10,673 m
100% 100% 630kVA
u U

Z
S

= ⋅ = ⋅ = Ω  

( )
( )

22
krT1 krT1 rT1LV

T1 2 2 2
rT1LV rT1

6,5kW 410 V
2,753m

3 630kVA

P P UR
I S

⋅
= = = = Ω  
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2 2
T1 T1T1 10,312 mX Z R= − = Ω    

( )
T1

T1 2 2
rT1LV rT1

10,673 m 0,038 65 p.u.
/ 410 V / 630kVA

X
x

U S
Ω

= = =  

( )T1 2,753 j10,312 mZ = + Ω   

max
T1

T1

1,050,95 0,95 0,975
1 0,6 1 0,6 0,038 65

c
K

x
= ⋅ = ⋅ =

+ + ⋅
 

( )T1T1K T1 2,684 j10,053 mZ K Z= = + Ω  

– Transformer T2: 

( )22
krT2 rT2LV

T2
rT2

410 V4% 16,810 m
100% 100% 400 kVA
u U

Z
S

= ⋅ = ⋅ = Ω  

( )
( )

22
krT2 rT2LV

T2 2 2
rT2

4,6k W 410 V
4,833 m

400 kVA

P U
R

S

⋅
= = = Ω  

Ω2 2
T2 T2 T2 16,100 mX Z R= − =   

( )
T1

T1 2 2
rT1LV rT1

16,100 m 0,038 31 p.u.
/ 410 V / 400kVA

X
x

U S
Ω

= = =  

( )T2 4,833 j16,100 mZ = + Ω  

max
T2

T2

1,050,95 0,95 0,975
1 0,6 1 0,6 0,038 31

c
K

x
= ⋅ = ⋅ =

+ + ⋅
 

( )T2T2K T2 4,712 j15,699 mZ K Z= = + Ω  

5.2.3 Lines (cables and overhead lines) 
– Line L1 (two parallel four-core cables): 

( ) ( )L1 0,5 0,077 j0,079 10 m 0,385 j0,395 m
km

Z Ω
= ⋅ + ⋅ = + Ω  

– Line L2 (two parallel three-core cables): 

( ) ( )L2 0,5 0,208 j0,068 4m 0,416 j0,136 m
km

Z Ω
= ⋅ + ⋅ = + Ω  

– Line L3 (four-core cable): 

( ) ( )L3 0,271 j0,087 20 m 5,420 j1,740 m
km

Z Ω
= + ⋅ = + Ω  

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

'
L4 2n

mm 0,3704
km54m 50mm

R
q
ρ Ω Ω

= = =
⋅

 

4
' 10
L4 2

1 4 10 H 1 0,4m2 ln 2 50s ln 0,297
2 4 2 km 4 km0,455 10 m

dX f
r

−
−

−

 µ π ⋅ Ω = π + = π ⋅ ⋅ + =    π π  ⋅ 
 

( ) ( ) ( )' '
L4 L4L4 j 0,370 j0,297 50m 18,519 j14,850 m

km
Z R X Ω

= + ⋅ = + ⋅ = + Ω

 

5.3 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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