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INTERNATIONAL ELECTROTECHNICAL COMMISSION
____________

SHORT-CIRCUIT CURRENTS IN DC AUXILIARY INSTALLATIONS
IN POWER PLANTS AND SUBSTATIONS –

Part 1: Calculation of short-circuit currents

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the 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, the IEC publishes International Standards. 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. The 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 the 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 National Committees.

3) The documents produced have the form of recommendations for international use and are published in the
form of standards, technical reports or guides and they are accepted by the National Committees in that
sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

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

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

International Standard 61660-1 has been prepared by IEC technical committee 73: Short-circuit
currents.

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

FDIS Report on voting

73/84/FDIS 73/97/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 is for information only.

IEC 61660 consists of the following parts, under the general title: Short-circuit currents in d.c.
auxiliary installations in power plants and substations:

– Part 1: 1997, Calculation of short-circuit currents

– Part 2: 1997, Calculation of effects

– Part 3: 199X, Examples of calculations (in preparation).

The contents of the corrigenda of February 1999 and March 2000 have been included in this
copy.
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SHORT-CIRCUIT CURRENTS IN DC AUXILIARY INSTALLATIONS
IN POWER PLANTS AND SUBSTATIONS –

Part 1: Calculation of short-circuit currents

1 General

1.1 Scope and object

This part of IEC 61660 describes a method for calculating short-circuit currents in d.c. auxiliary
systems in power plants and substations. Such systems can be equipped with the following
equipment, acting as short-circuit current sources:

– rectifiers in three-phase a.c. bridge connection for 50 Hz;

– stationary lead-acid batteries;

– smoothing capacitors;

– d.c. motors with independent excitation.

NOTE – Rectifiers in three-phase a.c. bridge connection for 60 Hz are under consideration. The data of other
equipment may be given by the manufacturer.

This standard is only concerned with rectifiers in three-phase a.c. bridge connection. It is not
concerned with other types of rectifiers.

The purpose of the standard is to provide a generally applicable method of calculation which
produces results of sufficient accuracy on the conservative side. Special methods, adjusted to
particular circumstances, may be used if they give at least the same precision. Short-circuit
currents, resistances and inductances may also be ascertained from system tests or
measurements on model systems. In existing d.c. systems the necessary values can be
ascertained from measurements taken at the assumed short-circuit location. The load current
is not taken into consideration when calculating the short-circuit current. It is necessary to
distinguish between two different values of short-circuit current:

– the maximum short-circuit current which determines the rating of the electrical
equipment;

– the minimum short-circuit current which can be taken as the basis for fuse and protection
ratings and settings.

1.2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 61660. At the time of publication, the edition indicated
was valid. All normative documents are subject to revision, and parties to agreements based
on this part of IEC 61660 are encouraged to investigate the possibility of applying the most
recent editions of the normative documents indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60038: 1983, IEC standard voltages
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IEC 60050(151): 1978, International Electrotechnical Vocabulary (IEV) – Chapter 151:
Electrical and magnetic devices

IEC 60050(441): 1984, International Electrotechnical Vocabulary (IEV) – Chapter 441:
Switchgear, controlgear and fuses

IEC 60896-1: 1987, Stationary lead-acid batteries – General requirements and methods of test
– Part 1: Vented types
Amendment 1 (1988)
Amendment 2 (1990)

IEC 60909: 1988,  Short-circuit current calculation in three-phase a.c. systems

IEC 61660-2: 1997, Short-circuit currents in d.c. auxiliary installations in power plants and
substations – Part 2: Calculation of effects

1.3 Définitions

For the purpose of this part of IEC 61660, the following definitions apply.

1.3.1  short circuit: The accidental or intentional connection, by a relatively low resistance
or impedance, of two or more points in a circuit which are normally at different voltages.
[IEV 151-03-41]

NOTE –  In this standard the connection is assumed to have zero impedance.

1.3.2  short-circuit current: An over-current resulting from a short circuit due to a fault or an
incorrect connection in an electric circuit. [IEV 441-11-07]

NOTE – It is necessary to distinguish between the short-circuit current at the short-circuit location and in the
network branches.

1.3.3 partial short-circuit current:  The short-circuit current at the short-circuit location
being fed from one source with all other sources disconnected.

1.3.4 common branch: A network branch with several partial short-circuit currents from
different sources.

1.3.5 initial symmetrical short-circuit current ′′Ik :  The r.m.s. value of the a.c. symmetrical
component of a prospective short-circuit current applicable at the instant of short circuit if the
impedance remains at zero time value.

1.3.6 peak short-circuit current  ip:  The maximum possible instantaneous value of the
prospective short-circuit current at the d.c. side (figures 1 and 2).

1.3.7 quasi steady-state short-circuit current  Ik:  The value of the short-circuit current at
the d.c. side 1 s after the beginning of the short circuit.

1.3.8 time to peak tp:  The interval between the initiation of the short circuit and the peak
value of the short-circuit current (figures 1 and 2).

1.3.9 short-circuit duration Tk:  The time interval between the initiation of the short circuit
and the breaking of the d.c. short-circuit current.

1.3.10 nominal system voltage  Un:  Voltage (line-to-line) by which a three-phase a.c.
system is designated and to which certain operating characteristics are referred. Values are
given in IEC 60038.
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1.3.11 nominal voltage UnB  of a lead-acid battery:  The nominal voltage of a lead-acid
battery is given by the manufacturer. If the value is unknown, then the nominal voltage of one
cell 2,0 V multiplied by the number of cells in series may be used.

1.3.12 stationary battery:  A battery designed for service in a fixed location and which is
permanently connected to the load and to the associated battery charging circuit (see
IEC 60896-1).

1.3.13 final voltage of a battery (end-of-discharge voltage): The minimum permissible
voltage after a specified discharge time.

1.4 Symbols and subscripts

All equations are written without specifying units. The symbols represent quantities possessing
both numerical values and dimensions that are independent of units, provided a coherent unit
system is chosen, for example the International System of Units (SI).

1.4.1 Symbols

A Conductor cross-section

a Centre-line distance between conductors

d Thickness of rectangular conductor

C Capacitance

c Voltage factor according to IEC 60909

cUn/ 3 Equivalent voltage source according to IEC 60909

EB Open-circuit voltage of a battery

f System frequency

b Height of rectangular conductor

′′Ik Three-phase initial symmetrical short-circuit current

Ik Quasi steady-state short-circuit current

Ir Rated current

i Instantaneous value of current

i1,i2 Sections of the standard approximation function

iBr Short-circuit current in a branch

ip Peak short-circuit current

icor Corrected current

J Moment of inertia of the whole rotating part

k1C,k2C Factors for calculating the rise-time and decay-time constant of the capacitor
current

k1M Factor for calculating the time to peak of the motor current

k2M,k3M Factors for calculating the rise-time constant of the motor current

k4M Factor for calculating the decay-time constant of the motor current

L,L′ Inductance, inductance per unit length

LF Equivalent saturated inductance of the field circuit at short circuit
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LOF Equivalent unsaturated inductance of the field circuit at no-load

l Length

Mr Rated torque of the motor

n,no,nn Motor speed, no-load motor speed, nominal motor speed

p Ratio Ik/ip

R,R ′ Resistance, resistance per unit length

Rjoint Joint resistance

r Radius of the conductor

Tk Short-circuit duration

t Time

tp Time to peak

U Voltage at the short-circuit location before short circuit

Un Nominal system voltage of the three-phase a.c. system, line-to-line (r.m.s.)

UnB Nominal voltage of a battery

X Reactance

ZN Impedance of the three-phase a.c. network

δ Decay coefficient

κ Factor for calculating the peak short-circuit current

λD Factor for calculating the quasi steady-state short-circuit current of the rectifier

µo Absolute permeability of vacuum, µo = 4 π ⋅ 10–7 H/m

ρ Resistivity

σ Correction factor for the partial short-circuit current

τM Armature time constant of the motor

τF Field circuit time constant of the motor

τmec Mechanical time constant of the motor

τ1, τ2 Rise-time, decay-time constants of the standard approximation function

ωo,ωd Undamped, damped natural angular frequency

1.4.2 Subscripts

a.c. Alternating current

B Battery

Br Branch on the d.c. side

C Capacitor

cor Corrected

D Rectifier

d.c. Direct current

F Short-circuit location

F Field circuit of the motor
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