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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS —

Part 0: Calculation of currents

FOREWORD

tandardization comprising

The IEC (International Electrotechnical Commission) is a worldwide organization fo

with the IEC also participate in this preparation. The IEC collaborates
for Standardization (ISO) in accordance with conditions determined

standards, technical specifications, technica
in that sense.

between the IEC Standard g
latter.

The IEC provides no i 3 indie tts-approval and cannot be rendered responsible for any
equipment declaredhto b N1 Q g standards.

revision.

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

FDIS Report on voting

73/119/FDIS 73/121/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.

Annex A forms an integral part of this standard.
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This part of IEC 60909 shall be read in conjunction with the International Standards, Technical
Reports and Technical Specifications mentioned below:

The committee has decided that the contents of this publication
At this date, the publication will be

IEC TR 60909-1,— Short-circuit current calculation in three-phase a.c. systems — Part 1:
Factors for the calculation of short-circuit currents in three-phase a.c. systems according
to IEC 60909-0V

IEC TR3 60909-2:1992, Electrical equipment — Data for short-circuit current calculations in
accordance with IEC 60909

IEC 60909-3:1995, Short-circuit current calculation in three-phase a.c. systems — Part 3:
Currents during two separate simultaneous single-phase line-to-earth short circuits and
partial short-circuit currents following through earth

IEC TR 60909-4:2000, Short-circuit current calculation in three-phas
Examples for the calculation of short-circuit currents

\anged until 2007.

reconfirmed;
withdrawn;
replaced by a revised edition, or

amended.

The contents of the corrigendum of Fe rue@)o een included in this copy.

O

D) To be published.
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SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS —

Part 0: Calculation of currents

1 General

1.1 Scope
This part of IEC 60909 is applicable to the calculation of short-circuit curze

* in low-voltage three-phase a.c. systems

* in high-voltage three-phase a.c. systems

operating at a nominal frequency of 50 Hz or 60 Hz.

Systems at highest voltages of 550 kV and above
consideration.

This part of IEC 60890
or unbalanced sh i

In case of an aceidenta inteqti conductive path between one line conductor and local
earth, the follewih 2 be clearly distinguished with regard to their different
physical propertiesand ¢ psulting in different requirements for their calculation):

* a single line-to~ggrth fault, occurring in an isolated neutral earthed system or a resonance
earthed neutral system. This fault is beyond the scope of, and is therefore not dealt with in,
this standard.

For currents during two separate simultaneous single-phase line-to-earth short circuits in an
isolated neutral system or a resonance earthed neutral system, see IEC 60909-3.

Short-circuit currents and short-circuit impedances may also be determined by system tests, by
measurement on a network analyzer, or with a digital computer. In existing low-voltage systems
it is possible to determine the short-circuit impedance on the basis of measurements at the
location of the prospective short circuit considered.
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The calculation of the short-circuit impedance is in general based on the rated data of the
electrical equipment and the topological arrangement of the system and has the advantage of
being possible both for existing systems and for systems at the planning stage.

In general, two short-circuit currents, which differ in their magnitude, are to be calculated:
* the maximum short-circuit current which determines the capacity or rating of electrical
equipment; and

* the minimum short-circuit current which can be a basis, for example, for the selection of
fuses, for the setting of protective devices, and for checking the run-up of motors.

the scope of this standard.

This standard does not cover short-circuit currents deliberate
conditions (short-circuit testing stations).

This part of IEC 60909 does not deal with the calculation
on board ships and aeroplanes.

1.2 Normative references

The following normative documents contain hrough reference in this text,
constitute provisions of this part of IEC 60 d.references, subsequent amendments to,
or revisions of, any of these publications d 8]y vever, parties to agreements based on
this part of IEC 60909 are (i Ag i e“possibility of applying the most recent

editions of the normative dQcurng incica w For undated references, the latest edition
of the normative docu & ) i bers of I[EC and ISO maintain registers of

currently valid Intggnat
IEC 60038:1983, IZ

IEC 60050(131): ational Electrotechnical Vocabulary — Chapter 131: Electric and
magnetic cirglii

magnetic deyi

IEC 60050-195:1998, International Electrotechnical Vocabulary — Part 195: Earthing and
protection against electric shock

IEC 60056:1987, High-voltage alternating-current circuit-breakers
IEC 60071-1:1993, Insulation coordination — Part 1: Definitions, principles and rules

IEC 60781:1989, Application guide for calculation of short-circuit currents in low-voltage radial
systems

IEC 60865-1:1993, Short-circuit currents — Calculation of effects — Part 1: Definitions and calculation
methods
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IEC TR 60909-1,10 Short-circuit currents calculation in three-phase a.c. systems — Part 1: Factors
for the calculation of short-circuit currents in three-phase a.c. systems according to IEC 60909-0)

IEC TR3 60909-2:1992, Electrical equipment — Data for short-circuit current calculations in
accordance with IEC 60909

IEC 60909-3:1995, Short-circuit current calculation in three-phase a.c. systems — Part 3:
Currents during two separate simultaneous single phase line-to-earth short circuits and partial
short-circuit currents flowing through earth

IEC TR 60909-4:2000, Short-circuit current calculation in three-phase a.c. systems — Part 4.
Examples for the calculation of short-circuit currents

IEC 60949:1988, Calculation of thermally permissible short-circujt
account non-adiabatic heating effects

aking into

IEC 60986:1989, Guide to the short-circuit temperature limits yith a rated

voltage from 1,8/3 (3,6) kV to 18/30 (36) kV

1.3 Definitions

For the purposes of this part of IEC 60909, the
following definitions apply.

1.3.1

short circuit

accidental or intentional
electric potential difference

1.3.1.1
line-to-line sho@u'
accidental or intenti

earth connection

1.3.2
short-circuit current
over-current resulting from a short circuit in an electric system

NOTE It is necessary to distinguish between the short-circuit current at the short-circuit location and partial short-
circuit currents in the network branches (see figure 3) at any point of the network.

1) To be published.


https://standards.iteh.ai/catalog/standards/iec/03023165-de2c-4dc7-829a-1bb328deefb5/iec-60909-0-2001

60909-0 U IEC:2001 -19 -

1.3.3

prospective (available) short-circuit current

current that would flow if the short circuit were replaced by an ideal connection of negligible
impedance without any change of the supply (see note of 1.1)

1.3.4

symmetrical short-circuit current

r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit current
(see 1.3.3), the aperiodic component of current, if any, being neglected

1.3.5
initial symmetrical short-circuit current 7,

r.m.s. value of the a.c. symmetrical component of a prospective (avai
(see 1.3.3), applicable at the instant of short circuit if the impedance
(see figures 1 and 2)

1.3.6
initial symmetrical short-circuit power S,

fictitious value determined as a product of the in fort-circuit current [}

(see 1.3.5), the nominal system voltage ¥/ A 3: 8, = B3 U, I,

NOTE The initial symmetrical short-circuit power ed foxthe cdlculation procedure in this standard.
If S} is used in spite of this in connection with short-cixcu lations, for instance to calculate the internal
impedance of a network feeder at the connectioq poi ition given should be used in the following

1.3.7
decaying (aperi ent ¥
mean value between the tof t nvelope of a short-circuit current decaying from an

NOTE The magnitide of the peak short-circuit current varies in accordance with the moment at which the short
circuit occurs. The calculdtion of the three-phase peak short-circuit current #, applies to the line conductor and to the
instant at which the greatest possible short-circuit current exists. Sequential short circuits are not considered.

1.3.9

symmetrical short-circuit breaking current 7,

r.m.s. value of an integral cycle of the symmetrical a.c. component of the prospective short-
circuit current at the instant of contact separation of the first pole to open of a switching device

1.3.10

steady-state short-circuit current I

r.m.s. value of the short-circuit current which remains after the decay of the transient phenomena
(see figures 1 and 2)
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1.3.11

symmetrical locked-rotor current /I; g

highest symmetrical r.m.s. current of an asynchronous motor with locked rotor fed with rated
voltage Uy at rated frequency

1.3.12

equivalent electric circuit

model to describe the behaviour of a circuit by means of a network of ideal elements
[IEV 131-01-33]

1.3.13

nominal system voltage U,
voltage (line-to-line) by which a system is designated, and to
characteristics are referred

NOTE Values are given in IEC 60038.

operating

1.3.14
equivalent voltage source cU, / NE)
voltage of an ideal source applied at the short-circuit location in
for calculating the short-circuit current accordi
network

thepositive-sequence system

1.3.15
voltage factor ¢

—  voltage variatioq
—  changing of transfo

— neglecting loads g

r.m.s. value of the' symmetfical internal voltage of a synchronous machine which is active behind
the subtransient reactapice X; at the moment of short circuit

1.3.17

far-from-generator short circuit

short circuit during which the magnitude of the symmetrical a.c. component of the prospective
(available) short-circuit current remains essentially constant (see figure 1)

1.3.18

near-to-generator short circuit

short circuit to which at least one synchronous machine contributes a prospective initial
symmetrical short-circuit current which is more than twice the machine's rated current, or a short
circuit to which asynchronous motors contribute more than 5 % of the initial symmetrical short-
circuit current /| without motors (see figure 2)
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1.3.19
short-circuit impedances at the short-circuit location F

1.3.19.1

positive-sequence short-circuit impedance Z;, of a three-phase a.c. system

impedance of the positive-sequence system as viewed from the short-circuit location (see 2.3.2
and figure 5a)

1.3.19.2
negative-sequence short-circuit impedance Z,, of a three-phase a.c. system
impedance of the negative-sequence system as viewed from the short-circuj
and figure 5b)

1.3.19.3
zero-sequence short-circuit impedance Z ) of a three-phase a.¢
impedance of the zero-sequence system as viewed from the shor i i e 2.3.2 and
figure 5c¢). It includes three times the neutral-to-earth impeda

1.3.19.4
short-circuit impedance Z of a three-phase a.c.s

1.3.20
short-circuit impedances of electrical qu%lt

1.3.20.1

ratio of the line-to-neutral volta
of electrical equ‘{Q;én
clause 2 and IEC 609

ratio of the line-to-newtral*voltage to the short-circuit current of the corresponding line conductor
of electrical equipment when fed by a symmetrical negative-sequence system of voltages
(see clause 2 and IEC 60909-4).

1.3.20.3

zero-sequence short-circuit impedance Z, of electrical equipment

ratio of the line-to-earth voltage to the short-circuit current of one line conductor of electrical
equipment when fed by an a.c. voltage source, if the three paralleled line conductors are used for
the outgoing current and a fourth line and/or earth as a joint return (see clause 2 and IEC 60909-4)

1.3.21
subtransient reactance X of a synchronous machine

effective reactance at the moment of short circuit. For the calculation of short-circuit currents
the saturated value of X; is taken

NOTE When the reactance X', in ohms is divided by the rated impedance Z. = UrzG /Sic of the synchronous

machine, the result in per unit is represented by a small letter x; = X} /Z.
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