L 00 0000000000 66 & (

Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest

to the public, particularly disadvantaged communities and those engaged in the pursuit of
w education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.

“STTAA FT ST, S T At ‘U A FIE AT F R
‘ Mazdoor Kisan Shakti Sangathan Jawaharlal Nehru
: * “The Right to Information, The Right to Live” “Step Out From the Old to the New” .

IS 13234 (1992): Guide for Short-circuit Current
Calculation in Three-phase A.C. Systems [ETD 20: Electrical
Installation]

“ST | UE T4 T F7 Hi”

Satyanarayan Gangaram Pitroda

.‘\ “Invent a New India Using Knowledge’

Bhartrhari—Nitisatakam

" “Knowledge is such a treasure which cannot be stolen” ‘

v P =

/| ' 4 ‘-\.,. =4
.’£> "‘,'
2o ' * N B

. .

1 0 0 000000000006 6 (







BLANK PAGE

PROTECTED BY COPYRIGHT



Apri 1992

IS 13234 . 1982
{EC Pub 909 ( 1988 )

{ Supersading IS 5728 )

( Reaffirmed 2002 )

wIRHlg AT
d=-ooi Qe 4t H‘ﬂ‘iﬁ!ﬂé‘-ﬂﬁhﬁf
uReaa @ qant =R

Indian Standard
GUIDE FOR SHORT-CIRCUIT CURRENT
CALCULATION IN THREE-PHASE
A. C, SYSTEMS

{ First Reprimt SEPTEMBER 199 )

CUDS 621-3TE13 : 62130253

© BI5S 1992

BUREAU OF INDIAN STANDARDS
MANAE BHAVAN, ? BAHADUR SHAK TAFAR MARGC
NEW DELHI 110002

Price Rs. 150-88



IS 13234 : 1992
IEC Pub 909 ( 1988)

Indian Standard

GUIDE FOR SHORT-CIRCUIT CURRENT
CALCULATION IN THREE-PHASE
A. C. SYSTEMS

NATIONAL FOREWORD

This Indian Standard which is identical with IEC Pub 909 ( 1988 ) ‘Short-circuit current
calculation in three-phase A. C. systems’, issued by the International Electrotechnical
Commission { IEC ) was adopted by the Bureau of Indian Standards on the recommendations of
the Electrical Installations Sectional Committee (ET 20) and approval of the Electrotechnical
Division Council.

An important criterion for the proper selection of a circuit-breaker or any other fault protec-
tive devices for use at a point in an electrical circuit is the information on maximum fault
current likely at that point. The electromagnetic, mechanical and thermal stresses which a
switchgear and the associated apparatus have to withstand depends on the fault current. Proper
selection of breaking and withstand capacities play a major role in the health of the electrical
installations. Realizing this need and to provide uniform-guide for calculation of short-circuit
currents, 1S 5728 was brought out in 1970.

Subsequent to the preparation of this standard, considerable more information have been
collated the world over on calculation of fault lavels under different and specific circumstances.
There was also a need to simplify calculation techniques in a practical way commensurate with
the modern arithmatic tools available to engineers in the form of computers, digital transient
network analysers, etc. With an objective to establish a general, practicable and concise
procedure for short-circuit current calculations IS 5728 has been taken up for revision, aligning
its contents with 1IEC 909 ( 1988 ).

On the publication of this standard, IS 5728 : 1970 would stand superseded.
CROSS REFERENCES

International Standard Corresponding Indian Standard
( Technically Equivalent)
IEC Pub 38 ( 1983 ) 1EC standard voltages 1S 12360 : 1988 Voltage bands for electrical

installations including preferred voltages
and frequency

IEC Pub 50 : International electrotechnical IS 1985 Electrotechnical vocabulary:
vocabulary ( 1IEV ):

50 (131) (1978 ) Chapter 131 : Electric )

and magnetic circuits ( Part 57 ) : 1982 Electric and magnetic
50 ( 151 ) ( 1978 ) Chapter 151 : Electrical circuits
and magnetic devices J

50 (44[ ) ( 1987 ) Chapter 441 : Switchgear.  ( Part 17 ) : 1989 Switchgear and controlgear
controlgear and fuses

IEC Pub 865 ( 1986 ) Calculation of the effects IS 13235 : 1991 Calculation of the eflects of
short-circuit currents short-circuit currents
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1. Scope

This standard is applicable to the calculation of short-circuit currents:
— in low-voltage three-phase a.c. systems,

— in high-voltage three-phase a.c. systems with nominal voltages up to 230kV operating at
nominal frequency (50 Hz or 60 Hz).

This standardized procedure is given in such a form as to facilitate as far as possible its use by
non-specialist engineers.

2. Object

The object of this standard is to establish a general, practicable and concise procedure
leading to conservative results with sufficient accuracy. For this purpose, an equivalent voltage
source at the short-circuit location is considered, as described under Clause 6. This does not
exclude the use of special methods, for example the superposition method, adjusted to
particular circumstances, if they give at least the same precision.

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.

The calculation of the short-circuit impedance 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.

There are two different short-circuit currents to be calculated which differ in their
magnitude:

— the maximum short-circuit current which determines the capacity or rating of electrical
equipment;

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

One has to distinguish between:

— systems with short-circuit currents having no a.c. component decay (far-from-generator
short circuit), treated in Section One,

— systems with short-circuit currents having decaying a.c. components (near-to-generator
short circuit), treated in Section Two. This section also includes the influence of motors.

This standard does not cover short-circuit currents deliberately created under controlled
conditions (short-circuit testing stations).

This standard does not deal with installations on board ships and areoplanes.

For the calculation of the thermal equivalent short-circuit currents see Section Two of IEC
Publication 865.

An application guide, dealing with non-meshed low-voltage three-phase a.c. systems and a
technical report on the derivation of the parameters and various calculation factors of this
standard are under consideration.

3 (1IEC page 7)
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3.

3.1

32

33

3.4

3.5

3.6

3.7

3.8

Definitions

For the purpose of this standard, the following definitions apply. Reference is made to the
International Electrotechnical Vocabulary (IEV) [IEC Publication 50] when applicable.

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).

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. — lItis necessary to distinguish between the short-circuit current at the short-circuit location and in the network
branches.

Prospective (available) short-circuit current

The current that would flow if the short circuit were replaced by an ideal connection of
negligible impedance without any change of the supply.

Note. ~ The current in a three-phase short circuit is assumed to be made simultaneously in all poles. Investigations
of non-simultaneous short circuits, which can lead to higher aperiodic components of short-circuit current,
are beyond the scope of this standard.

Symmetrical short-circuit current

The r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit
current (see Sub-clause 3.3), the aperiodic component of current, if any, being neglected.

Initial symmetrical short-circuit current Iy

The r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit
current (see Sub-clause 3.3) applicable at the instant of short circuit if the impedance remains at
zero-time value (see Figures 1 and 12, pages 19 and 63).

Initial symmetrical short-circuit (apparent) power Sy

The fictive value determined as a product of the initial symmetrical short-circuit current Iy
(see Sub-clause 3.5), the nominal system voltage U, (see Sub-clause 3.14), and the factor | 3 :

=3 Uk

D.C. (aperiodic) component ip¢ of short-circuit current

The mean value between the top and bottom envelope of a short-circuit current decaying
from an initial value to zero according to Figures 1 and 12.

Peak short-circuit current ip

The maximum possible instantaneous value of the prospective (available) short-circuit
current (see Figures 1 and 12).

Note. — The magnitude of the peak short-circuit current varies in accordance with the moment at which the short
circuit occurs. The calculation of the peak three-phase short-circuit current i, applies for the phase
conductor and moment at which the greatest possible short-circuit current exists. Sequential faults are not
considered. For three-phase short circuits it is assumed that the short circuit occurs simultaneously in all
phase conductors.

(IEC page 9)
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3.9 Symmetrical short-circuit breaking current I,

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

3.10 Steady-state short-circuit current I

The r.m.s. value of the short-circuit current which remains after the decay of the transient
phenomena (see Figures 1 and 12, pages 19 and 63).

3.11 Symmetrical locked-rotor current I y

The highest symmetrical r.m.s. current of an asynchronous motor with locked rotor fed with
rated voltage U,y at rated frequency.

3.12  Equivalent electric circuit

A model to describe the behaviour of a circuit by means of a network of ideal elements (IEV
131-01-33).

3.13 (Independent) voltage source

An active element which can be represented by an ideal voltage source independent of all
currents and voltages in the circuit, in series with a passive circuit element (IEV 131-01-37).

3.14 Nominal system voltage U,

Voltage (line-to-line) by which a system is designated and to which certain operating
characteristics are referred. Values are given in IEC Publication 38.

3.15 Egquivalent voltage source cU,/ 3

The voltage of an ideal source applied at the short-circuit location in the positive-sequence
system for calculating the short-circuit current according to Clause 6. This is the only active
voltage of the network.

3.16 Voltage factor c

The ratio between the equivalent voltage source and the nominal system voltage U, divided
by \ 3. The values are given in Table 1.

Note. — The introduction of a voltage factor ¢ is necessary for various reasons. These are:
—~ voltage variations depending on time and place,
— changing of transformer taps,
— neglecting loads and capacitances by calculations according to Clause 6,
— the subtransient behaviour of generators and motors.

The r.m.s. value of the symmetrical internal voltage of a synchronous machine which is
active behind the subtransient reactance X7 at the moment of short circuit.

3.18 Far-from-generator short circuit

A short circuit during which the magnitude of the symmetrical a.c. component of prospective
(available) short-circuit current remains essentially constant (see Clause 7).

(IEC page 11)
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3.19 Near-to-generator short circuit

A short circuit to which at least one synchronous machine contributes a prospective in}itial
symmetrical short-circuit current which is more than twice the generator’s rated current, or a
short circuit to which synchronous and asynchronous motors contribute more than 5% of the
initial symmetrical short-circuit current /Iy, without motors (see Clause 10).

3.20 Short-circuit impedances at the short-circuit location F

3.20.1 Positive-sequence short-circuit impedance Z, of a three-phase a.c. system

The impedance of the positive-sequence system as viewed from the short-circuit location
(see Sub-clause 8.3.1 and Figure 4a, page 27).

3.20.2  Negative-sequence short-circuit impedance Z~, of a three-phase a.c. system

The impedance of the negative-sequence system as viewed from the short-circuit location
(see Sub-clause 8.3.1 and Figure 4b, page 27).

3.20.3  Zero-sequence short-circuit impedance Zy, of a three-phase a.c. system

The impedance of the zero-sequence system as viewed from the short-circuit location (see

Sub-clause 8.3.1 and Figure 4c, page 27). It includes three times the neutral-to-earth
impedance 3 Zyg.

3.20.4  Short-circuit impedance Z, of a three-phase a.c. system

Abbreviated expression for the positive-sequence short-circuit impedance Z(;, according to
Sub-clause 3.20.1 for the calculation of three-phase short-circuit currents.

3.21 Short-circuit impedances of electrical equipment

3.21.1 Positive-sequence short-circuit impedance Z,, of electrical equipment

The ratio of the line-to-neutral voltage to the short-circuit current of the corresponding

phase of electrical equipment when fed by a symmetrical positive-sequence system of voltages
(see Sub-clause 8.3.2).

Note. — Index of symbol Z;, may be omitted if there is no possibility of confusion with the negative-sequence and the
zero-sequence short-circuit impedances.

3.21.2  Negative-sequence short-circuit impedance Z,, of elecirical equipment

The ratio of the line-to-neutral voltage to the short-circuit current of the corresponding

phase of electrical equipment when fed by a symmetrical negative-sequence system of voltages
(see Sub-clause 8.3.2).

3.21.3  Zero-sequence short-circuit impedance Z, of electrical equipment

The ratio of the line-to-earth voltage to the short-circuit current of one phase of electrical
equipment when fed by an a.c. voltage source, if the thrée parallel phase conductors ‘are used-
for the outgoing current and a fourth line and/or earth is joint return (see Sub-clause 8.3.2).

3.22  Subtransient reactance X of a synchronous machine

The effective reactance at the moment of short circuit. For the calculation of short-circuit
currents the saturated value of X7 is taken.

Note. — When the reactance X7 in ohms is divided by the rated impedance Z,; = U%; / S, of the synchronous
machine, the result in per unit is represented by a small letter xjy = X/ Zg.

(IEC page 13)
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3.23  Minimum time delay t.;, of a circuit breaker

The shortest time between the beginning of the short-circuit current and the first contact
separation of one pole of the switching device.

Note. — The time ty;, is the sum-of the shortest possible operating time of an instantaneous relay and the shortest
opening time of a circuit breaker. It does.not take into account adjustable time delays of tripping devices.

4. Symbols, subscripts and superscripts

4.1

Symbols of complex quantities are underlined, for example: Z = R + jX.

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).

Symbols

I

Iior Iy,
Iir

ipc

I

K

P kT

Ugr

Uny, Ugy, Yy
Xresp. x
Xgresp.- Xy
Xop

X resp. Xy

Initial value of aperiodic component

Voltage factor

Equivalent voltage source (r.m.s.)

Subtransient voltage of a synchronous machine

Frequency (50 Hz or 60 Hz)

Symmetrical short-circuit breaking current (r.m.s.)

Steady-state short-circuit current (r.m.s.)

Steady-state short-circuit current at the terminals (poles) of a generator with compound excitation
Initial symmetrical short-circuit current (r.m.s.)

Locked-rotor current of an asynchronous motor

Decaying aperiodic component of short-circuit current

“Peak short-circuit current

Correction factor for impedances

Total loss in transformer windings at rated current

Factor for the calculation of breaking currents of asynchronous motors
Nominal cross section

Resistance, absolute respectively relative value

Fictitious resistance of a synchronous machine when calculating Iy and i,
Initial symmetrical short-circuit power (apparent power)

Rated apparent power of electrical equipment

Fictitious transformation ratio

Minimum time delay

Rated transformation ratio (tap changer in main position); 1, = 1
Nominal system voltage, line-to-line (r.m.s.)

Rated voltage, line-to-line (r.m.s.)

Rated short-circuit voltage in percent

Rated ohmic voltage in percent

Positive-, negative-, zero-sequence voltage

Reactance, absolute respectively relative value

-Synchronous reactance, direct axis respectively quadrature axis

Fictitious reactance of a generator with compound excitation in the case of steady-state short circuit at
the terminals (poles) if the excitation is taken into account

Subtransient reactance of a synchronous machine (saturated value), direct axis respectively
quadrature axis

Reciprocal of the short-circuit ratio

Impedance, absolute respectively relative value
Short-circuit impedance of a three-phase a.c. system
Positive-sequence short-circuit impedance
Negative-sequence short-circuit impedance
Zero-sequence short-circuit impedance

Efficiency of asynchronous motors

(IEC page 15)
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Factor for the calculation of the peak short-circuit current

Factor for the calculation of the steady-state short-circuit current

Factor for the calculation of the symmetrical short-circuit breaking current
Absolute permeability of vacuum, g, = 4x/ 107 H/m

Resistivity

Phase angle

e@§‘:»x

4.2  Subscripts

(1) Positive-sequence component

(2) Negative-sequence component

(0) Zero-sequence component

f Fictitious

k or k3 Three-phase short circuit

ki Line-to-earth short circuit, line-to-neutral short circuit
k2 Line-to-line short circuit without earth connection
K2E resp. kE2E  Line-to-line short circuit with earth connection, line current respectively earth current
max Maximum

min Minimum

n Nominal value (IEV 151-04-01)

r Rated value (IEV 151-04-03)

1sl Resulting

t Transformed value

AT Auxiliary transformer

B Busbar

E Earth

F Fault, short-circuit location

G Generator

HV High-voltage, high-voltage winding of a transformer
LV Low-voltage, low-voltage winding of a transformer

L Line

LR Locked rotor

L1,12,L3 Line 1, 2, 3 of a three-phase system

M Asynchronous motor or group of asynchronous motors
M Without motor

MV Medium-voltage, medium-voltage winding of a transformer
N Neutral of a three-phase a.c. system

P Terminal, pole

PSU Power-station unit (generator and transformer)

Q Feeder connection point

T Transformer

4.3 Superscripts

"

Initial (subtransient) value
Resistance or reactance per unit length

’

(IEC page 17)
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Current ?

‘\ Top envelope
\
1 N Decaying (aperiodic) component ipc

Bottom envelope

I; = initial symmetrical short-circuit current

iy = peak short-circuit current

I, = steady-state short-circuit current

ipc = decaying (aperiodic) component of short-circuit current

A initial value of the aperiodic component ip¢

Fic. 1. — Short-circuit current of a far-from-generator short circuit (schematic diagram).

5. Calculation assumptions

A complete calculation of short-circuit currents should give the currents as a function of time
at the short-circuit location from the initiation of the short circuit up to its end, corresponding
to the instantaneous value of the voltage at the beginning of short circuit (see Figures 1 and 12,
pages 19 and 63).

In most practical cases a determination like this is not necessary. Depending on the

~ application of the results, it is of interest to know the r.m.s. value of the symmetrical a.c.

component and the peak value i; of the short-circuit current following the occurrence of a short

circuit. The value i, depends on the time constant of the decaying aperiodic component and the

frequency f, that is on the ratio R/X or X/R of the short-circuit impedance Z,, and is nearly
reached if the short circuit starts at zero voltage.

In meshed networks there are several time constants. That is why it is not possible to give an
easy exact method of calculating i, and ipc. Special methods to calculate i, with sufficient
accuracy are given in Sub-clause 9.1.3.2.

For the determination of the asymmetrical short-circuit breaking current the decaying
aperiodic component ipc of the short-circuit current as shown in Figures 1 or 12 may be
calculated with sufficient accuracy by:

ipc =2 I e ¥ RIX 1
where:
L = initial symmetrical short-circuit current
{ = nominal frequency 50 Hz or 60 Hz
t = time
R/X = ratio according to Sub-clause 9.1.1.2, 9.1.2.2 0r 9.1.3.2

(IEC page 19)
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In meshed networks according to Sub-clause 9.1.3.2 — Method A — the right hand side of
equation-(1) should be multiplied by 1.15. According to Sub-clause 9.1.3.2 — Method B — the
equivalent frequency should be selected as follows:

2nft | <2n <Sx <10 <25m
fif 1 027 015 0092 0055

where f = 50 Hz or 60 Hz.

Furthermore, the calculation of maximum and minimum short-circuit currents is based on
the following simplifications:

1) For the duration of the short circuit there is no change in the number of circuits involved,
that is, a three-phase short circuit remains three phase and a line-to-earth short circuit
remains line-to-earth during the time of short circuit.

2) Tap changers of the transformers are assumed to be in main position.
3) Arc resistances are not taken into account.

While these assumptions are not strictly true for the power systems considered, the
recommended short-circuit calculations have acceptable accuracy.

For balanced and unbalanced short circuits as shown in Figure 2, page 23, it is useful to cal-

* culate the short-circuit currents by the method of symmetrical components (see Sub-
clause 8.2).

6. Equivalent voltage source at the short-circuit location

In all cases in Sections One and Two it is possible to determine the short-circuit current at the
short-circuit location F with the help of an equivalent voltage source. Operational data on the
static load of consumers, tap changer position of transformers, excitation of generators and so
on are dispensable; additional calculations about all the different possible load flows at the
moment of short circuit are superfluous.

The equivalent voltage source is the only active voltage of the system. All network feeders,

synchronous and asynchronous machines are replaced by their internal impedances (see Sub-
clause 8.3.1).

Furthermore, with this method all line capacitances and parallel admittances of non-rotating

loads, except those of the zero-sequence system (see Sub-clauses 8.3.1 and 11.4), shall be
neglected.

EC 21
(IEC page 21) 10
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a) L3 b) L3

— —— L < e
L2 L2
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L L1
—_— —<
K kz

¢ —e i3 - @ L3
L2 L2
—_ —m

L1

(13

s — <P —

Branch short-circuit currents in conductors

—®—— Short-circuit current
and earth

a) Balanced three-phase short circuit.

b) Line-to-line short circuit without earth connection.
¢) Line-to-line short circuit with earth connection.

d) Line-to-earth short circuit.

Fic. 2. — Characterization of short circuits and their currents. The direction of current arrows
is chosen arbitrarily.

Finally high-voltage transformers in many cases are equipped with regulators and tap
changers operating under load flow conditions, whereas transformers feeding low-voltage
systems have normally only a few taps, for example +2.5% or +4%. The actual regulator or
tap changer position of transformers in the case of far-from-generator short circuits may be
disregarded without unacceptable loss of accuracy by use of this method.

The modelling of the system equipment by means of impedances according to Sub-clauses
8.3.2 and 11.5.3 applies in conjunction with the equivalent voltage source at the short-circuit
location irrespective of whether a far-from-generator short-circuit according to Section One or
a near-to-generator short-circuit according to Section Two is involved.

Figure 3, page 25, shows an example of the equivalent voltage source at the short-circuit
location F as the sole active voltage of the system in the case of a low-voltage system fed by a
single transformer. All other active voltages in the system are assumed to be zero. Thus the
network feeder in Figure 3a, page 25, is represented only by its internal impedance Zg (see
Sub-clause 8.3.2.1). Parallel admittances (e. g. line capacitances and passive loads) are not to
be considered when calculating short-circuit currents in accordance with Figure 3b, page 25.

1'1 (IEC pagce 23)
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The equivalent voltage source cU, /¢ 3 (see Sub-clause 3.15) at the short-circuit location Fis
composed of the voltage factor ¢, the nominal system voltage U, and y 3. The voltage factor cis
different for the calculation of maximum or minimum short-circuit currents. If there are no
national standards, it seems adequate to choose a voltage factor ¢ according to Table I,
considering that the highest voltage in a normal system does not differ, on average, by more
than + 5% (LV) or +10% (HV) approximately from the nominal voltage.

) Non-
@ —{~_] rotating
load
§ WNon- K3
rotating
load
b)
Rat Xat Q Rt Xt AL XL F
c Un

a) System diagram.
b) Equivalent circuit diagram (positive-sequence system).

Fic. 3. — lllustration for calculating the initial symmetrical short-circuit current I} in com-
pliance with the procedure for the equivalent voltage source.

(IEC page 25)
12



a)

IS 13234 : 1992
IEC Pub 909 ( 1988 )

L3
G L2 . 'F
3~ L1 ‘
Im
Yy
b)
L3
G L2 ' )
3~ L1 s
li2
‘Qrz»
c) L3
iy
L2
L1 F
~-——t—0 ‘

3oy

G hoy NAA A
- ‘ Yo ,8%;%\

a) Positive-sequence short-circuit impedance:
Zw = U/ Loy

b) Negative-sequence short-circuit impedance:
Zoy = U/ Loy

c) Zero-sequence short-circuit impedance:
Zwy = Uo/ Lo

FiG. 4. — Short-circuit impedance of a three-phase a. c. system at the short-circuit location F.

TABLE 1

Voltage factor c

Voltage factor ¢ for the calculation of
Nominal voltage maximum short- minimum short-
circuit current circuit current
Un Cmax Crnin
Low voltage
100 V to 1000 V
{(IEC Publication 38, Table I)
a) 230V /400 V 1.00 0.95
b) Other voltages 1.05 1.00
Medium voltage
>1kVto35kV 1.10 1.00
(IEC Publication 38, Table III)
High voltage
>35kVto230kV 1.10 1.00
(IEC Publication 38, Table IV)

Note. — cU,should not exceed the highest voltage Uy, for equipment of power systems.

13
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In this way the equivalent voltage source for the calculation of the maximum short-circuit
current can be established, according to Table I, by:

cU,/{3 =1.00U,/{ 3 inlow-voltage systems 230 V /400 V, 50 Hz (2a)
cU,/y3 =1.05U,/, 3 inotherlow-voltage systems (2b)
cU,/y3 =1.10U,/, 3 inmediumand high-voltage systems. (2¢)

SECTION ONE — SYSTEMS WITH SHORT-CIRCUIT CURRENTS
HAVING NO A.C. COMPONENT DECAY
(FAR-FROM-GENERATOR SHORT CIRCUITS)

7. General

This section refers to short circuits where there is no change for the duration of the short
circuit in.the voltage or voltages that caused the short-circuit current to develop (i. e. a quasi-

stationary voltage condition), nor any significant change in the impedance of the circuit (i. e.
constant and linear impedances).

Therefore, the prospective (available) short-circuit current can be considered as the sum of
the following two components:

— the a.c. component with constant amplitude during the whole short circuit,
— the aperiodic component beginning with an initial value A and decaying to zero.

Figure 1, page 19, gives schematically the general course of the short-circuit current in the
case of a far-from-generator short circuit. The symmetrical a.c. components I} and / arer.m.s.
values and are nearly equal in magnitude.

This assumption is generally satisfied in power systems fed from extended high-voltage
systems through transformers, that is in the case of a far-from-generator short circuit.

Single-fed short-circuits supplied by a transformer according to Figure 3, page 25, may a
priori be regarded as far-from-generator short circuits if X7y 2 2 X, with X, to be calculated
in accordance with Sub-clause 8.3.2.1 and Xy, v in accordance with Sub-clause 8.3.2.2.

8. Short-circuit parameters

8.1 Balanced short circuit

The balanced three-phase short circuit of a three-phase a.c. system in accordance with
Figure 2a, page 23, is of special interest, because this kind of fault often leads to the highest
values of prospective (available) short-circuit current and the calculation becomes particularly
simple on account of the balanced nature of the short circuit.

In calculating the short-circuit current, it is sufficient to take into account only the positive-
sequence short-circuitimpedance Z;, = Zyasseen fromthe faultlocation (see Sub-clause 8.3.1).

Details of calculation are given in Clause 9.

8.2 Unbalanced short circuit
The following types of unbalanced (asymmetrical) short circuits are treated in this standard:
— line-to-line short circuit without earth connection (see Figure 2b, page 23),
— line-to-line short circuit with earth connection (see Figure 2c, page 23),
— line-to-earth short circuit (see Figure 2d, page 23).

EC page 29
(IEC page 29) 1
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As a rule, the three-phase short-circuit current is the largest. In the event of a short circuit
near to a transformer with neutral earthing or a neutral-earthing transformer, the line-to-earth
short-circuit current may be greater than the three-phase short-circuit current. This applies in
particular to transformers of vector group Yz, Dy and Dz when earthing the y- or z-winding on
the low voltage side of the transformer.

In three-phase systems the calculation of the current values resulting from unbalanced short
circuits is simplified by the use of the method of symmetrical components which requires the

calculation of three independent system components, avoiding any coupling of mutual
impedances.

Using this method, the currents in each line are found by superposing the currents of three
symmetrical component systems:

— positive-sequence current Iy,
— negative-sequence current /),
— zero-sequence current [ g.
Taking the line L1 as reference, the currents Iy, Iy, and [, ; are given by:

Iu=1Iy+ Ig+ Lo (3a)
Io=a"In+aly+ L (3b)
Iu=aly+2ally+ I (3¢)

6= - tin (% P=- =i (@
- 2 2 - 2 2

Each of the three symmetrical component systems has its own impedance (see Sub-
clause 8.3).

The method of the symmetrical components postulates that the system impedances are
balanced, for example in the case of transposed lines. The results of the short-circuit calculation
have an acceptable accuracy also in the case of untransposed lines.

Short-circuit impedances

For the purpose of this standard, one has to make a distinction between short-circuit
impedances at the short-circuit location F and short-circuit impedances of individual electrical
equipment. According to the calculation with symmetrical components positive-sequence,
negative-sequence and zero-sequence short-circuit impedances shall be considered.

8.3.1 Short-circuit impedances at the short-circuit location F

The positive-sequence short-circuit impedance Z(;) at the short-circuit location F is obtained
according to Figure 4a, page 27, wher a symmetrical system of voltages of positive-sequence
phase order is applied to the short-circuit location F and all synchronous and asynchronous
machines are replaced by their internal impedances. When calculating short-circuit currents in

accordance with Clause 9, all line capacitances and parallel admittances of non-rotating loads
are neglected.

For the calculation of balanced three-phase short circuits, the positive-sequence impedance
is the only relevant impedance. In this case Zy = Z, (see Sub-clauses 3.20.1 and 3.20.4).

The negative-sequence short-circuit impedance Z ) at the short-circuit location F is obtained
according to Figure 4b, page 27, when a symmetrical system of voltages of negative-sequence

15 (IEC page 31)
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phase order is applied to the short-circuit location F. When calculating short-circuit currents in
accordance with Clause 9, all line capacitances and parallel admittances of non-rotating loads
are neglected.

The values of positive-sequence and negative-sequence impedances can differ from each
other only in the case of rotating machines. In this section, where far-from-generator short
circuits are calculated, it is generally allowed to take Z5, = Z ).

The zero-sequence short-circuit impedance Z(g) at the short-circuit location F is obtained
according to Figure 4c, page 27, if an a.c. voltage is applied between the short-circuited lines
and the common returns (e. g. earth system, neutral conductor, earth wires, cable sheaths,
cable armouring).

When calculating unbalanced short-circuit currents in medium or high-voltage systems and
applying an equivalent voltage source at the short-circuit location, the line zero-sequence
capacitances and zero-sequence parallel admittances of non-rotating loads are to be considered
for isolated neutral systems and resonant earthed systems.

Neglecting the line zero-sequence capacitances in earthed neutral systems leads to results
which are higher than the real values of the short-circuit currents. The deviation depends on
several parameters of the system, for example the length of the line between transformers with
neutral earthing.

In low-voltage systems, line capacitances and parallel admittances of non-rotating loads can
be neglected.

Except for special cases, the zero-sequence short-circuit impedances differ from the positive-
sequence short-circuit impedances.

a) b}
Yz
Dy
c) d)
Loy Loy
loy Loy
3o Loy 3oy Loy L

G
= *Q«m * Yo ™

a) Transformer of vector group Dy.

b) Transformer of vector group Yz.

¢) Neutral-earthing transformer in zig-zag connection.
d) Line (overhead line or cabie); JR: joint rcturn.

Fic.5. — Measuring of zero-sequence short-circuit impedances of electrical equipment
(examples).

1EC 33
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8.3.2 Short-circuit impedances of electrical equipment

In network feeders, transformers, overhead lines, cables, reactors and similar equipment,
positive-sequence and negative-sequence short-circuit impedances are equal:

Zay=Un/1g) =2y = Up/ Ly

When calculating the zero-sequence short-circuit impedance of a line, for instance (see
Figure 5d, page 33), Z) = U / I(g) is determined by assuming an a.c. voltage between the
three paralleled conductors and the joint return (e.g. earth, earthing device, neutral
conductor, earth wire, cable sheath and cable armouring). In this case, the three-fold zero-
sequence current flows through the joint return.

Normally the zero-sequence short-circuit impedances differ from the positive-sequence
short-circuit impedances: Z;, may be larger than, equal to or smaller than Z,.

8.3.2.1 Network feeders

If a short circuit in accordance with Figure 6a, page 35, is fed from a network in which only
the initial symmetrical short-circuit power Siq or the initial symmetrical short-circuit current
I at the feeder connection point Q is known, then the equivalent impedance Zg of the

network (positive-sequence short-circuit impedance) at the feeder connection point Q should
be determined by:

2
cUno cUyo
ZQ = 1 = ‘ﬁ3‘ Iv/ (53)
kQ v kQ
a) Za
Una k3
F [] UnQ
o o 13
Ska = 13 Una lka
Zar Z1v

b}

B

t:1 Un

Ka

tr = Urnv/Umwy Zor = Zalt?

a) Without transformer.
b) With transformer.

FiG. 6. — System diagram and equivalent circuit diagram for network feeders.

17 (IEC page 35)
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If a short circuit in accordance with Figure 6b, page 35, is fed by a transformer from a medium
or high-voltage network in which only the initial symmetrical short-circuit power Siq or the
initial symmetrical short-circuit current I} at the feeder connection point Q is known, then the
equivalent impedance Zg, referred to the low-voltage side of the transformer may be
determined by:

cU? 1 cU, 1 .
Zot = 't 2 ! 2 = '~ ? ) 7 (Sb)
kQ t V3 I t

where:

U,q = nominal system voltage at the feeder connection point Q

%o = initial symmetrical short-circuit apparent power at the feeder connection point Q
Lo = initial symmetrical short-circuit current at the feeder connection point Q
¢ = voltage factor (see Sub-clause 3.16, Table I and Equation (2))
t, = rated transformation ratio at which the tap-changer is in the main position (see also Sub-clause 8.4)

In the case of high-voltage feeders with nominal voltages above 35 kV fed by overhead lines,
the equivalent impedance Zg may be considered as a reactance, i.€. Zg = 0 + jXq. In other
cases, if no accurate value is known for the resistance Ry of network feeders, one may
substitute Rg = 0.1 X where X = 0.995 Z,.

The initial symmetrical short-circuit power Syo or the initial symmetrical short-circuit
current Iy on the high-voltage side of the supply transformers shall be given by the supply
company.

In general, the equivalent zero-sequence short-circuit impedance of network feeders is not

required for calculations. In special cases, however, it may be necessary to consider this
impedance.

8.3.2.2 Transformers

The positive-sequence short-circuit impedances of two-winding transformers Zy = Ry + j Xt
can be calculated from the rated transformer data as follows:

: Us
Zy= —2_ . 7 (6)
100% St
Ug, U2 Py;
Ry = R ) T _ k?T )
100% SrT 31}’1‘
Xr= yZ% - R} (8)

where:

U,r = rated voltage of the transformer on the high-voltage or low-voltage side

I+ = rated current of the transformer on the high-voltage or low-voltage side
St = rated apparent power of the transformer

P = total loss of the transformer in the windings at rated current

uy, = rated short-circuit voltage, in per cent

ug, = rated ohmique voltage, in per cent

The necessary data may be taken from rating plates or obtained from the manufacturer.

The resistive component can be calculated from the total loss in the windings at the rated
current.

(IEC page 37) 8
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The ratio X/R generally increases with transformer size. For large transformers the
resistance is so small that the impedance may be assumed to consist only of reactance when
calculating short-circuit current magnitude. Resistance must be considered if the peak short-
circuit current i, or the decaying aperiodic component ipc is to be calculated.

The zero-sequence short-circuit impedances Zgyr = Ryt + jX(oyr of transformers with two

or more windinog may be obtained from the manufacturer.

YYILRALEIED 1kx VUGV 14 ULl LIV Qi

Note. — 1t is sufficient for transformers with tap changers to determine Zy in accordance with formula (6) for the
saniem snncitine ared $a Ao 4 4ha Scmrmadna s srvrnmtc amd vAltasan ananedias $a Qb Alocicn O A ot o th

1iail PUDIUUH anda 1o Convert ne Hiipoluanied, Currenis ana VUIldBC) au,unumg (49 JUU bldUhC 0 ‘Q umug ic
rated transformation ratio ¢, corresponding to the tap-changer in the main position.

Special considerations are necessary, only if:

— asingle fed short-circuit current is calculated and the short-circuit current has the same direction as the
operational current before the short-circuit occurs (short circuit on the low-voltage side of one transformer
or parallel transformers with tap changers according to Figure 3, page 25, or Figure 6b, page 35),

— it is possible to change the transformation ratio of a transformer with the tap changer in a wide range,
Uryyv = Uny (1 % pp) with pr > 0.05, .

— the minimum short-circuit voltage u, ., is considerably lower than the rated short-circuit voitage in the
main position (Uy min < Uy,),

— the voltage during operation is considerably higher than the nominal system voltage (U = 1.05 U)

In the case of three-winding transformers, the positive-sequence short-circuit impedances
Z,, Zy and Z referring to Figure 7, page 41, can be calculated by the three short-circuit
impedances (related to side A of the transformer)

Uy (JYZT
rAB ITA .
Zap = . (side C open) (9a)
100% SitAB
2
Zac= HrC Uit (side B open) (9b)
AC ™ T '
100% Srac
2
UyrBC Utra .
Zye = ——-— - — (side A open) (9c)
100% brTBC
with the formulae:
|
Za= > (Zag + Zac — Zsc) (10a)
1
Zg = — (Zpc+ Zap— Zac) (10b)
——— 2 — — —
1
Ze= Py (Zac + Zgc — Zag) (10c)
where:
Uira = rated voltage
Saap = rated apparent power between sides A and B
Sirac = rated apparent power between sides A and C
S.tec = rated apparent power between sides B and C
u,ap = rated short-circuit voltage, given in percent, between sides A and B
u,ac = rated short-circuit voltage, given in percent, between sides A and C
u.pc = rated short-circuit voltage, given in percent, between sides B and C
(1EC page 39)

—
[$e]



IS 13234 : 1992
IEC Pub 909 ( 1988 )

8.3.2.3 Overhead lines and cables

The positive-sequence short-circuit impedances Z; = R; + jX; may be calculated from the
conductor data, such as the cross sections and the centre-distances of the conductors.

For measurement of the zero-sequence short-circuit impedances Zy = Ry + i X(0), see Sub-
clause 8.3.2 and Figure 5d, page 33. Sometimes it is possible to calculate the zero-sequence
impedances with the ratios Ry /R, et X/ Xy

The impedances Z(;); and Z ), of low-voltage and high-voltage cables depend on national
techniques and standards and may be taken from text-books or manufacturer’s data.

The effective resistance per unit length R} of overhead lines at the medium conductor
temperature 20 °C may be calculated from the nominal cross section g, and the resistivity o:

, [
R L= (1 1)
qu
with:
1 Qmm? ‘
0= = or copper
L Qmm? for alumini
0= vy or aluminium
and
1 Qmnm’ .
0= T for aluminium alloy

TS 7777777777

a) Denotation of winding connections.
b) Equivalent circuit diagram (positive-sequence system).

Fi6.7. — Three-winding transformer (example).

(IEC page 41) ,
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The reactance per unit length X7 for overhead lines may be calculated, assuming
transposition, from:

, w (025  d 025  d
XLZZTCf—z—n—< " +ln—r—) :fﬂo (——n—+ln-;—) (123)

where:
d = 3}d;1,d;3d151; geometricmean distance between conductors, respectively the centre of bundles

r = radius_ of a single conductor. In the case of conductor bundles, r is to be substituted by
~nrR™T | with the bundle radius R

n = number of bundled conducters; for single conductors n = 1

Taking w4y = 47 - 107" H/km as the permeability of a vacuum, equation (12a) may be
simplified as follows:

d
for f = SOHz, X = 0.0628 ( +In— ) Q/km (12b)

n r

0.25 d
for f = 60Hz, X' = 0.0754 ( + In— ) Q/km (12¢)
n r

8.3.2.4  Short-circuit current limiting reactors

The positive-sequence, the negative-sequence and the zero-sequence short-circuit impe-
dances are equal, assuming geometric symmetry. Short-circuit current limiting reactors shall be
treated as a part of the short-circuit impedance.

8.3.2.5 Motors
Synchronous motors are to be treated as synchronous generators (see Section Two).

Asynchronous motors in low-voltage and medium-voltage systems supply short-circuit
currents to the short-circuit location. In the case of three-phase balanced short circuits, the
short-circuit currents of asynchronous motors decay rapidly.

It is not necessary to take into account-asynchronous motors or groups of asynchronous
motors which have a total rated current less than 1% of the initial symmetrical short-circuit
current [y calculated without the influence of motors. The supplement of short-circuit currents
of asynchronous motors to the current I; may be neglected if:

Sy <0011 (13)
where:
Zly = sum of the rated currents of motors in the neighbourhood of the short-circuit location (see Section Two,
Sub-clause 11.5.3.5)
I = short-circuit current at the short-circuit location without the influence of motors

In other cases see Section Two.

91 (JEC page 43)
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8.4 Conversion of impedances, currents and voltages

‘When calculating short-circuit currents in systems with different voltage levels, it is necessary
to convert impedances, currents and voltages from one level to the other (e. g. see Figure 3b,

page 25). For per unit or other similar unit systems no conversion is necessary, if these systems
are coherent.

The impedances of the equipment in superimposed or subordinated networks are to be
divided or multiplied by the square of the rated transformation ratio ¢, or in special cases by the
square of the transformation ratio ¢, corresponding to the actual position if it is known.

Voltages and currents are to be converted by the rated transformation ratio ¢, or ¢.

9. Calculation of short-circuit currents

9.1 Calculation method for balanced short circuits
9.1.1 Single fed three-phase short circuit

9.1.1.1 Initial symmetrical short-circuit current I'y

In accordance with Figure 3, page 25, the three-phase initial symmetrical short-circuit
current I, becomes:

, cU, cU,
v 3 \Rk + X k v 3 Zk
where:
U,/ 3 = equivalent voltage source (see Clause 6)

Ry = Rq, + Ry + R, = sum of series-connected resistances in accordance with Figure 3b, page 25, R, is the line
resistance for a conductor temperature of 20 °C (see Sub-clause 8.3.2)

Xy = X + X7 + X;. = sum of series-connected reactances in accordance with Figure 3b (see Sub-clause 8.3.2)

Z, = \R}II;YZ = short-circuit impedance (see Sub-clause 8.3.1)

Resistances of the order of Ry < 0.3 X may be neglected. The impedance of the system
feeder Zg, = Rqy + jXqu, referred to the voltage of that transformer side where the short circuit
occurs, is to be calculated according to equations (5a) and (5b) and additional information in
Sub-clause 8.3.2.1.

The scope of Section One supports the following equation:

L=1=1I, (15)

9.1.1.2  Peak short-circuit current i,

Because the short circuit is fed by a series circuit, the peak short-circuit current can be
expressed by:

b=x{2 I (16)

(IEC page 45) 2'2
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) b)
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FiG. 8. — Factor x for series circuits as a function of:
a) ratio R/ X; b) ratio X/R.

The factor » for the ratios R/X and X/R is taken from Figure 8.
The factor » may also be calculated by the approximate equation:

% =1.02 + 098 e3R/X

9.1.2  Three-phase short circuit fed from non-meshed sources

9.1.2.1 Initial symmetrical short-circuit current I},

The initial symmetrical short-circuit current Iy, the symmetrical breaking current [, and the
steady-state short-circuit current /, at the short-circuit location F, fed from sources which are
not meshed with one another in accordance with Figure 9, page 49, may be composed of the
various separate branch short-circuit currents which are independent of each other:

Iy = Lty + iy (17)
=1 =1I (18)

The branch short-circuit currents are to be calculated like a single-fed three-phase short-
circuit current in accordance with Sub-clause 9.1.1.

Note. — The short-circuit current at the short-circuit location F is the phasor sum of the branch short-circuit currents.
In most cases the phase angles of- the branch short-circuit currents are nearly the same. The short-circuit
current at F is then equal to the algebraic sum of the branch short-circuit currents.

Impedances between the short-circuit location F and the busbar B, where the branch short-
circuit currents flow together as shown in Figure 9, may be neglected if they are smaller than
0.05U,/(y 3 Iig), where Iy is the initial symmetrical short-circuit current on the busbar
determined by equation (17) with a three-phase busbar short circuit. In all other cases,
calculations are made in accordance with Sub-clause 9.1.3.

03 (IEC page 47)
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9.1.2.2 Peak short-circuit current ip

The peak short-circuit current i, at the short-circuit location F, fed from sources which are
not meshed with one another in accordance with Figure 9, may be composed of the branch
short-circuit currents iyr; and iyr):

ip = ipTl + ipTZ (19)
Q1 —— Sian Q2 —e— Ska2
(A
T1 T2
13 .
i, ipm &2, igr2
B ® &

F16.9. — System diagram illustrating a short circuit fed from several sources which are
independent of one another. (In some cases the impedance between busbar B and
the short-circuit location F may be neglected.)

9.1.3  Three-phase short circuits in meshed networks

9.1.3.1  Initial symmetrical short-circuit current I}
In accordance with the example shown in Figure 10, page 51, the equivalent voltage source

cU,/ 3 is established at the short-circuit location as the only active voltage in the network.

The calculation is to be carried out in accordance with Sub-clause 8.3.1, especially with Fig-
ure 4a, page 27 (positive-sequence short-circuit impedance at the short-circuit location F). It is
generally necessary to ascertain the short-circuit impedance Z, = Z;), by network transforma-
tion (e. g. series connection, parallel connection and deltastar transformation) considering the
positive-sequence short-circuit impedances of electrical equipment (see Sub-clause 8.3.2).

All impedances are referred to the low-voltage side of the transformers (see Figure 10). The
network feeder is treated in accordance with Sub-clause 8.3.2.1.

r cU, .cU, (20)
k= - = /
J3 Z V3 /RL+ X3
where:
cU,/J3 = equivalent voltage source (see Clause 6)
Z = short-circuit impedance, according to Sub-clause 8.3.1 and Figure 4a, page 27

For the calculation of [, and 1y, see Equation (15).

EC page 49)
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a’ Ed

T1 T2

b)

a) System diagram.
b) Equivalent circuit diagram with the equivalent voltage source in accordance with Clause 6.
Zo, Zn1, Z1; = impedances referred to the low-voltage side of the transformers.

F16.10. — Ilustration of the calculation of the initial symmetrical short-circuit current } ina
meshed network. The short-circuit current at the short-circuit location F is supplied
by the feeder connection point Q through transformers T1 and T2.

9.1.3.2 Peak short-circuit current ip

For the calculation of the peak short-circuit current ip in meshed networks Equation (16) is
used and one of the following approximations A, B, or C is chosen to find a suitable value for x.
If high accuracy is not needed, the Method A is sufficient.

95 (IEC page 51)
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N

[\

Method A — Uniform ratio R/ X or X/R: use x = x,.
The factor x, is determined from Figure 8, page 47, taking the smallest ratio of R/ X or the
largest ratio X/R of all branches of the network.

It is only necessary to choose the branches which together carry 80% of the current at the
nominal voltage corresponding to the short-circuit location. Any branch may be a series
combination of several elements.

In low-volta
ta

Method B — Ratio R/ X or X/R at the short-circuit location:
The factor x is given by:

x = 1.15 (1)

where 1.15 is a safety factor to cover inaccuracies caused by using the ratio R/ X from a meshed
network reduction with complex impedances.

The factor x, is found from Figure 8 for the ratio R/ X given by the short-circuit impedance Z;
= R, + jX\ at the short-circuit location F, calculated with the frequency f = 50 Hz orf = 60 Hz.

In low-voltage networks the product 1.15, is limited to 1.8 and in high-voltage networks to

2.0. o

Method C — Equivalent frequency f.: use x = x..
The factor x, is found from Figure 8 for the ratio:

R R f.
< 9
e (22a)
A A, ]
v v .
X X, f
= (22b)
R R, fe
where
Z. = R +iX,
R. = Re {Z.} # R at power frequency
Equivalent effective resistance for the equivalent frequency f; as seen from the short-circuit location

X, = Im {Z} # X at power frequency

Equivalent effective reactance for the equivalent frequency seen from the short-circuit location

Jc 2

The equivalent impedance Z. = R, + j2 n f.L.is the impedance as seen from the short-circuit
location if an equivalent voltage source with the frequency f. = 20 Hz (for a nominal frequency
50 Hz) or 24 Hz (for a nominal frequency 60 Hz) is applied there as the only active voltage.

2PN DU BTN sl o L Binn b Fiaan s d Fean tn e clerst Assnyisto
CAiCUIALION mewtnod jor {ne-to=-une ana inc-to-curir snort circiti

The types of short circuit considered are given in Figures 2b to 2d, page 23.

Figure 11, page 55, shows which type of short circuit leads to the highest short-circuit currents if
the a.c. component decays, i. €. if Zp)/ Zy < 1 (see Section Two).

(IEC page 53)
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It is anticipated that the differences between R/ X-ratios for positive-sequence and zero-sequence systems are small.
Example: :

ZlZy =

={2)’ ={U)

N 1{ The single phase circuit (k1) will give the highest short-circuit current.
65 |

Fig. 11. — Chart indicating the type of short-circuit giving the highest current.

Line-to-line short circuit without earth connection
1 Turstinl ol nst 2254 nrzssazes
L ARG SAOTE-Circuil current Ly

Independent of system configuration, the initial short-circuit current of a line-to-line short
circuit without earth connection (see Figure 2b, page 23) is calculated by:

cU, U,
Iy = with Z(l) = Z(z) (23)
7, | 21z 1 =
140 7 £ 1L
Zuy = Zy is the positive-sequence short-circuit impedance at the short-circuit location F (see
Figure 4a, page 27)
, .
TR naga §8)
27 \ AL Pﬂb\a JJ}
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The ratio I}, to I} according to Equations (20) and (23) is:

L 3

I 2

(24)

In the case of a far-from-generator short circuit, the steady-state short-circuit current Ikg_' and
the short-circuit breaking current Iy, are equal to the initial short-circuit current [y,:

I =1y =TIy (25)

9.2.1.2  Peak short-circuit current i,
The peak short-circuit current can be expressed by:

ip =% V2 Iy (26)

The factor x is calculated according to Sub-clause 9.1.1.2 or 9.1.3.2 depending on the system
configuration. The same value as used in the case of a three-phase short circuit may be taken.

9.2.2 Line-to-line short circuit with earth connection

9.2.2.1 Initial short-circuit currents I'op and Iy

According to Figure 2¢, page 23, one has to distinguish between the currents I, and Iigg.
To calculate the value of I',g, the following formulae are given:

|1+ a* + Zy/ Zyy)|
| Zy + 2 2

Tk 12 = cUy (27a)
|1 +a+Zo/Zol

Top 3 =cU
’ |Zoy + 2 Z)|

(27b)

with Zy) = Zg).
a and _cf are given in Sub-clause 8.2, Equation (4).

The initial short-circuit current Iyg,g, flowing to earth and/or grounded wires according to
Figure 2c, page 23, is calculated by:

V3 cU,
|Zy + 2 Zy)|

ligE = (28)

9.2.2.2 Peak short-circuit current iyg
It is not necessary to calculate iy because either:

ip3 2 IpE OF Ip) = Ipg.

9.2.3 Line-to-earth short circuit

9.2.3.1 Initial short-circuit current Iy

The initial short-circuit current of a line-to-earth short circuit according to Figure 2d,
page 23, is calculated by:

(IEC page 57)
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J3 cU, _ J3 cl,
|Zoy + Zoy + Zo)] 12 20y + Zo)|

In the case of a far-from-generator short circuit, the steady-state short-circuit current /,; and

the breaking current /y,; are equal to the initial short-circuit current [}, (see also Equations (15)
and (25)):

Iy = Iy = Iy (30)

9.2.3.2  Peak short-circuit current iy,
The peak short-circuit current can be expressed by:

i =2 Iy (31)

The factor x is calculated according to Sub-clauses 9.1.1.2 or 9.1.3.2 depending on the system
configuration. For simplification, the same value as used in the case of a three-phase short
circuit may be taken.

9.3. The minimum short-circuit currents

9.3.1 General

When calculating minimum short-circuit currents, it is necessary to introduce the following
conditions:

— voltage factor ¢ for the calculation of minimum short-circuit current according to Table I;

— choose the system configuration and, in some cases, the minimum contribution from
sources and network feeders, which lead to a minimum value of short-circuit current at the
short-circuit location;

— motors are to be neglected;

— resistances R; of lines (overhead lines and cables, phase conductors and neutral conductors)
are to be introduced at a higher temperature:

°C

R =11+ : (6. — 20°C)] - Riao (32)

where R, is the resistance at a temperature of 20 °C and 6, in °C the conductor temperature
at the end of the short circuit. The factor 0.004/°C is valid for copper, aluminium and
aluminium alloy.

9.3.2 Initial symmetrical short-circuit current I,

When calculating three-phase short-circuit currents according to Sub-clause 9.1, the
minimum initial short-circuit current is given by:

cU,

T 33
3z (33)

' —
Fk min —

Zy = Zy is the short-circuit impedance under the conditions of Sub-clause 9.3.1.

The value of the voltage factor ¢ depends on many influences, for example operational
voltage of cables or overhead lines, location of short circuit. If there are no national standards,
the values of Table I may be used.

IEC
99 (IEC page 59)
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When calculating unbalanced short circuits according to Sub-clause 9.2, the equivalent

voltage source cU,/{ 3 and impedances Zyand Z under the conditions of Sub-clause 9.3.1
are chosen.

SECTION TWO — SYSTEMS WITH SHORT-CIRCUIT CURRENTS
HAVING DECAYING A.C. COMPONENTS
(NEAR-TO-GENERATOR SHORT CIRCUITS)

10. Gei.eral

This section gives procedures for calculations in systems with short-circuit currents having
decaying a.c. components. The influence of motors is also taken into account.

Procedures for the calculation of short-circuit currents of synchronous and asynchronous
‘motors are given if their contribution is higher than 5% of the initial symmetrical short-circuit
current [y without motors (see Sub-clause 13.2.1).

11.  Short-circuit parameters

11.1  General

In the calculation of the short-circuit currents in systems supplied by generators, power-
station units and motors (near-to-generator short circuits), it is of interest not only to know the
initial symmetrical short-circuit current /x and the peak short-circuit current i, but also the
symmetrical short-circuit breaking current /, and the steady-state short-circuit current /.

In general the symmetrical short-circuit breaking current /, is smaller than the initial
symmetrical short-circuit current ;. Normally the steady-state short-circuit current I, is
smaller than the symmetrical short-circuit breaking current /;,.

Frequently, especially when dealing with the mechanical effects of short-circuit currents, it
will be necessary to determine the asymmetrical short-circuit breaking current from the a.c.
breaking current and the superimposed d.c. breaking current. The decaying aperiodic
component ipc can be calculated according to Clause 5.

In the case of a near-to-generator short circuit the prospective short-circuit current can be
considered as the sum of the following two components:

— the a.c. component with decaying amplitude during the short circuit,
— the aperiodic component beginning with an initial value A and decaying to zero.

In a near-to-generator short circuit, the short-circuit current behaves generally as shown in
Figure 12, page 63. In some special cases it could happen that the decaying short-circuit current
reaches zero for the first time, some periods after the short circuit took place. This is possible if
the d.c. time constant of a synchronous machine is larger than the subtransient time constant.
This phenomenon is not dealt with in detail by short-circuit currents calculated in this standard.

(IEC page 61)
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Current *

Top envelope

Decaying (aperiodic) component ipc

2

2
212k

-

Bottom envelope

I; = initial symmetrical short-circuit current
i, = peak short-circuit current
I, = steady-state short-circuit current

ipc = decaying (aperiodic) component of short-circuit current
A initial value of the aperiodic component ipc

FiG. 12. — Short-circuit current of a near-to-generator short circuit (schematic diagram).

Short-circuit currents may have one or more sources as shown in Figure 13, page 65. The
figure also specifies which clause of this section describes the short-circuit current calculation.
The main sub-clauses for the calculation of the three-phase short-circuit currents are:

— 12.2.1: for the case shown in Item 1) of Figure 13a . N
) . single fed three-phase short-circuit,
— 12.2.2: for the case shown in Item 2)-of Figure 13a

~ 12.2.3: for the cases shown in Figures 13b, 13c respectively, if the given inequality is
fulfilled (three-phase short-circuit fed from non-meshed sources),

— 12.2.4: for the general case shown in Figure 13d (three-phase short circuit in meshed
networks).

31 (IEC page 63)
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a) Single fed short circuit.

Calculation according to Sub-clauses 12.2.1,
12.2.2,12.3 and 12.4.

1. Short circuit fed from one generator (without
transformer).

oy

2. Short circuit fed from one power-station unit
(generator and unit transformer).

¢) Short circuit fed from several sources with the
common impedance Z.

Calculation according to Sub-clauses 12.2.3,
12.2.4,12.3 and 12.4.

Q B
I AD A
|

n
N

: Una

Z can'be neglected if
UnB
v 3 V I,IEB
tn is calculated according to Figure 13b

Z <0.05

b) Short circuit fed from non-meshed sources.

Calculation according to Sub-clauses 12.2.3, 12.3 and
12.4.

d) Short circuit in meshed networks.

Calculation according to Sub-clauses 12.2.4, 12.3 and
12.4.

L 4

B O

Fi6. 13. — Various short-circuit source conpections.

11.2  Balanced short circuit

The details of Sub-clause 8.1 are valid.

11.3  Unbalanced short circuit

The details of Sub-clause 8.2 are valid.

Y Generators and motors can also be connected without transformers.

(IEC page 65)
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11.4 Equivalent voltage source at the short-circuit location

It is possible in all cases to determine the short-circuit current at the short-circuit location F
by means of an equivalent voltage source cU,/, 3, if correction factors are introduced for the
impedances of generators and for the impedances of generators and transformers of power-
station units (see Sub-clauses 11.5.3.6, 11.5.3.7, 11.5.3.8 and Clause 12). Details for the
equivalent voltage source cU,/, 3 are given in Clause 6 and Table I.

In this method the equivalent voltage source cU,/{ 3 at the short-circuit location is the only
active voltage of the system. The internal voltages of all synchronous and asynchronous
machines are set to zero. Therefore the synchronous machines are only effective with their
subtransientimpedances and the asynchronous motors are only effective with theirimpedances
calculated from their locked-rotor currents.

Furthermore in this method all line capacitances and parallel admittances of non-rotating
loads except those of the zero-sequence system shall be neglected (see Figure 15, page 77, and
Figure 20, page 87).

Details for consideration of motors are given in Clause 13.

11.5  Short-circuit impedances

In addition to Sub-clause 8.3.2, impedances of generators and motors are introduced.
Additional calculations are given for power-station units in Sub-clauses 11.5.3.7 and 11.5.3.8.
The short-circuit impedances of network feeders, network transformers, overhead lines and
cables as well as short-circuit limiting reactors are valid.

11.5.1 Short-circuit impedances at the short-circuit location F

For the calculation of the initial symmetrical short-circuit current in a near-to-generator
short circuit Sub-clause 8.3.1 and Figure 4, page 27, are valid.

11.5.2  Short-circuit impedances of electrical equipment

The general considerations made in Sub-clause 8.3.2 are valid. Motors and generators are
dealt with in Sub-clauses 11.5.3.5 to 11.5.3.8.

11.5.3  Calculation of short-circuit impedances of electrical equipment

11.5.3.1 Network feeders

The details given in Sub-clause 8.3.2.1 are valid, except for the special case given in Sub-
clause 12.2.3.1.

11.5.3.2  Transformers

The details given in Sub-clause 8.3.2.2 are valid. Unit transformers of power-station units are
excluded and dealt with in Sub-clauses 11.5.3.7 and 11.5.3.8.

11.5.3.3  Overhead lines and cables
Details given in Sub-clause 8.3.2.3 are valid.

11.5.3.4  Short-circuit current limiting reactors
Details given in Sub-clause 8.3.2.4 are valid.

(1IEC page 67)
33



IS 13234 : 1992
IEC Pub 909 ( 1988 )

11.5.3.5 Motors

When calculating three-phase initial symmetrical short-circuit currents [y, synchronous
motors and synchronous compensators are treated as synchronous generators (see Sub-clauses
11.5.3.6,11.5.3.7, 11.5.3.8 and 13.1).

The impedance Zy = Ry + jXy of asynchronous motors in the positive- and negative-
sequence system can be determined by:

2
g LU 1 U -
ILR/IrM \‘; 3 IrM ILR/IrM SrM
where:
Um = rated voltage of the motor
Iy = rated current of the motor
Sem = rated apparent power of the motor Sy = P/ (7, cos ;)

I p/Iy = ratio-of the locked-rotor current (Sub-clause 3.11) to the rated current of the motor

The following may be used with sufficient accuracy:

Ru/ Xy = 0.10, with Xy = 0.995 Zy; for high-voltage motors with powers P, per pair of
poles = 1 MW,

Ry/ Xy = 0.15, with Xy = 0.989 Zy; for high-voltage motors with powers P, per pair of
poles < 1 MW,

Ry/ Xy = 0.42, with Xy = 0.922 Zy; for low-voltage motor groups with connection cables.

Details for consideration or omission of asynchronous motors or groups of asynchronous
motors for calculation of short-circuit currents are given in Sub-clause 13.2.1.

Static converter fed drives are treated for the calculation of short-circuit currents in a similar -
way as asynchronous motors. The following applies for static converter fed drives:

Zy = as in Equation (34)

U = rated voltage of the static converter transformer on the network side or rated
voltage of the static converter, if no transformer is present

Iy = rated current of the static converter transformer on the network side or rated
current of the static converter, if no transformer is present

L/l =3

Ru/ Xy = 0.10 with Xy = 0.995 Zy,

11.5.3.6  Generators directly connected to systems

When calculating three-phase initial symmetrical short-circuit currents in systems fed
directly from generators without unit transformers, for example in industrial networks or in
low-voltage networks, the following impedance has to be used in the positive-sequence system:

Zox = KoZg = Kg (Rg + jX3) (35)
with the correction factor:

K - Un cmax 36
c- Ug 1+ x§sin@g (36)

(IEC page 69)
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where:

Cmax = voltage factor according to Table 1

U, = nominal voltage of the system

U = rated voltage of the generator

Zgx = corrected impedance of the generator

Z; = impedance of the generator (Zg = Rg + }X3)

X4 = subtransient reactance of the generator referred to rated impedance (x§ = X3/ Z.g)
¢, = phase angle between I, and U,/ J3

FiG. 14. — Phasor diagram of a synchronous generator at rated conditions.

Using the equivalent voltage source cU, /| 3 according to Sub-clause 12.2.1.1 instead of the
subtransient voltage E” of the synchronous generator (see Figure 14), the correction factor Kg
(Equation (36)) for the calculation of the corrected impedance Zsk (Equation (35)) of the
generator has to be introduced.

The following values of sufficient accuracy may be used:

Rg = 0.05 X7 for generators with U, > 1kV and S, = 100MVA
R = 0.07 X4 for generators with U, g > 1kV and S, < 100MVA
Rg = 0.15 X7 for generators with U,g < 1000V

In addition to the decay of the d.c. component, the factors 0.05, 0.07 and 0.135, also take
account of the decay of the a.c. component of the short-circuit current during the first half-
period after the short circuit took place. The influence of various winding-temperatures on Rg
is not considered.

Note. = The effective resistance of the stator of synchronous machines lies generally much below the given values for
Rg.

For the impedances of synchronous generators in the negative-sequence system and the
zero-sequence system the following applies:

Zo = Zox = KoZs (37)

For salient-pole synchronous machines with differing values of X§ and X,
Xog = —;—(X'é + Xy)

Zoc = Ko (R + 1X(0)6) (38)

For the calculation of short-circuit currents for line-to-line and line-to-earth short circuits
(Sub-clause 12.3) the correction factor according to Equation (36) shall be taken into account.

35 (IEC page 71)
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11.5.3.7 Generators and unit transformers of power-station units

In this case correction factors for the impedances of generators and transformers of power-
station units have to be introduced:

_Z_G,PSU = KG, PSU ZG (39)

with the correction factor:

Cmax

Ko, psu = (40)

1+ X§sin @
Zt psu = Kt psu Zriv (41)
with the correction factor:

KT, PSU = Cmax (42)

where:

Zg.psus Zr.psu corrected impedances of generators (G) and unit transformers (T) of power-station units

Zg = impedance of the generator Z; = Rg + jX7 (see Sub-clause 11.5.3.6)
Zry = impedance of the unit transformer related to the low-voltage side (see Sub-clause 8.3.2.2)
X4, G = (see Sub-clause 11.5.3.6)

If necessary the impedances Zg psy and Zr, psy are converted by the fictitious transformation
ratio ; to the high-voltage side (see Sub-clause 12.2.2).

For the calculation of short-circuit currents at short circuits between generator and unit
transformer of a power-station unit the equivalent voltage source cU,g/ 3 at the short-circuit
location is to be introduced. In this case the rated voltage of the generator is chosen, because

the nominal system voltage cannot be determined. These cases are dealt with in Sub-
clause 12.2.3.1.

Notes 1. — Equations (40) and (42) are valid if Uy = U,q and Ug = U,:. Special considerations are recommended if
for a power-station unit having a transformer with a tap changer the operational voltage Uqggyy, is
permanently higher than U,o (Uomin > Uao). and/or Ug differs from U, (Ug > U,) or for a power-
station unit having a transformer without a tap changer the voltage Ug of the generator is permanently
higher than U (Ug > Ug).

2. — Values for correction factors for negative-sequence impedances and zero-sequence impedances at
unbalanced short circuits are under consideration.

11.5.3.8 Power-station units

For the calculation of short-circuit currents of power-station units for short circuits on the
high-voltage side it is not necessary to deal with the correction factors according to Sub-clause
11.5.3.7. In this case the following formula for the correction of the impedance of the whole
power-station unit (PSU) is used:

Zpsu = Kpsy (7 Z6 + Ztnv) (43)
with the correction factor:
o2 Cmax Uo UltLy Crmax
KPSU = ’ i : = 2 ) 2 ’ ) . (44)
t 14 (x3 — x7) sin @, Ut Uitnv 1+ (¥4 — xp)sin @

(IEC page 73 ) 6
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where:

Zpsy = corrected impedance of power-station unit related to the high-voitage side

Zs = impedance of the generator Z; = Rg + jX§ (see Sub-clause 11.5.3.6)

Zmyv = impedance of the unit transformer related to the high-voltage side (see Sub-clause 8.3.2.2)
Uno = nominal system voltage at the connection point Q of the power-station unit

t = rated transformation ratio at which the tap-changer is in the main position

t = fictitious transformation ratio ; = U,/ U, = U,q/Ug

X4, @ = (see Sub-clause 11.5.3.6)

X7 = reactance of the unit transformer related to U%/S,r, xr = X¢/ (Ur/Si1)

Notes 1. — Equation (44) is valid if Ug = U,q and U = U,. Special considerations are recommended if for a power-
station unit having a transformer with a tap changer the operational voltage Uqy,, is permanently higher
than Uno (Ugmin > Usg), and/or Ug differs from U, (Ug > U,g) or for a power-station unit having a
transformer without a tap changer the voltage Ug of the generator is permanently higher than U, (Ug >
UI'G)'

2. —~ Values for correction factors for negative-sequence impedances and zero-sequence impedances at
unbalanced short circuits are under consideration.

Conversion of impedances, currents and voltages

The details given in Sub-clause 8.4 remain valid. Exceptions in the Sub-clauses 12.2.2.1 and
12.2.3.1 are to be regarded.

Calculation of short-circuit currents

General

For the calculation of the initial symmetrical short-circuit current I}, the symmetrical short-
circuit breaking current /,, and the steady-state short-circuit current I, at the short-circuit
location, the system may be converted by transformations into an equivalent short-circuit
impedance Z,. This procedure is not allowed when calculating the peak short-circuit current i,.
In this case it is necessary to distinguish between systems with and without parallel branches
(see Sub-clauses 9.1.1.2.9.1.2.2 and 9.1.3.2).

12.2  Calculation method for balanced short circuits

12.2.1 Short circuit fed from one generator

12.2.1.1 Initial symmetrical short-circuit current I},

The initial symmetrical short-circuit current for the examples of item 1) of Figure 13a, page
65, and of Figure 15, page 77, is calculated with the equivalent source voltage cU,/, 3 at the
short-circuit location and the short-circuit impedance Zy = Ry + jX:

cU, B cU,
3z, V3 \R+X:

(45)

For calculation of the maximum short-circuit current, the value of the voltage factor c is
chosen according to Table 1.

Note. = Normally it can be presumed that the rated voltage U, of the generator is 5% higher than the nominal
system voltage U,,.

37 (1IEC page 75)
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a) System diagram.
b) Equivalent circuit (positive-sequence system) with the subtransient voltage E" of the generator.

c) Equivalent circuit for the calculation with the equivalent voltage source (see Clause 6 and Sub-clause 11.4) and the
impedances according to Sub-clause 11.5.3 and especially to Sub-clause 11.5.3.6.

Fi6.15. — Example for the calculation of the initial symmetrical short-circuit current I fora
short circuit fed directly from one generator.

12.2.1.2  Peak short-circuit current I

The calculation of the peak short-circuit current is done as shown in Sub-clause 9.1.1.2. For
the generator the corrected resistance KgRg and the corrected reactance KgX is used.

12.2.1.3  Symmetrical short-circuit breaking current I,

The decay to the symmetrical short-circuit breaking current is taken account of with the
factor u.

I=ul; (46)
where uis dependent on the minimum time delay ¢,,;, (see Sub-clause 3.23) and the ratio I,/ L.

The values of u of the following equations apply to the case where medium voltage turbine
generators, salient-pole generators and synchronous compensators are excited by rotating
exciters or by static converter exciters (provided that for static exciters the minimum time delay
is less than 0.25s and the maximum excitation-voltage is less than 1.6 times the rated load
excitation-voltage). For all other cases u is taken to be u = 1 if the exact value is unknown.

u=0.84+0.26e " Bhc/loforr . =0.02s
u=0.71+0.51 e "0tefors .. =0.05s
w=10.62+0.72e"hetofory . =0.10s (47)
w=10.56+0.94 e 0®clofory . =0.25s

The values Iy (partial short-circuit current at the terminals of the generator) and I, are

related to the same voltage. In the case of asynchronous motors, replace I/ I, by I/ I (see -
Table 1I).

(IEC page 77)
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If /I, <2, apply u = 1 at every minimum time delay fq,.

The factor u may also be obtained from Figure 16 taking the abscissa for three-phase short
circuit. For other values of minimum time delay, linear interpolation between curves is

acceptable.
1.0 T [
\ Minimum time delay tmin
0.02
0.9 \\\\\s‘
\ 0.05
08 \ N \S
\ \ y \\ )
u S I ——
0.7 > 0.25s \
\ T

0.6 \h<

0.5

0 1 2 3 4 5 6 7 8 9

Three-phase short circuit I{g / lrg or Ikm /1M e

FiG. 16. — Factor u for the calculation of short-circuit breaking curr nt /..

Figure 16 can also be used for compound excited low-voltage generators with a minimum
time delay f,;, < 0.1 s. The calculation of low-voltage breaking currents after a time delay £, >
0.1s is not included in these procedures; generator manufacturers may be able to provide
information.

12.2.1.4  Steady-state short-circuit.current I

Because the magnitude of the “steady-state short-circuit I, depends upon saturation
influences and switching-condition changes in the system its calculation is less accurate than
that of the initial symmetrical short-circuit current I. The methods of calculation given here
can be regarded as a sufficient estimate for the upper and lower limits, in the case when the
short circuit is fed by one generator or one synchronous machine respectively.

a) Maximum steady-state short-circuit current Iy .,

The following may be set at the highest excitation of the synchronous generator for the
maximum steady-state short-circuit current:

Ik max — imax’_-IrG . (48)

Amax May be obtained from Figures 17 or 18 for turbine generators or salient-pole machines.
Xasu (sat = saturated) is the reciprocal of the short-circuit ratio.

39 (IEC page 79)
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Amax-curves of Series One are based on the highest possible excitation-voltage according to
either 1.3 times the rated excitation at rated load and power factor for turbine generators (see

Figure 17a) or 1.6 times the rated excitation for salient-pole machines (see Figure 18a).

Amax-curves of Series Two are based on the highest possible excitation-voltage according to
either 1.6 times the rated excitation at rated load and power factor for turbine generators (see

Figure 17b) or 2.0 times the rated excitation for salient-pole machines (see Figure 18b).

a) Series One

2.8y | l W
2.6
2.4 Xd sat
A’max
2.2 — 1.2
20 P 14
| A
L 2.0
1.6 - 29
14 :
i
1.2 |
1.0
oot
0.6 Amin
0.4 -
e
0.2
0 I
o 1 2 3 4 5 6 7 8

Three-phase short circuit IKg/lig ==
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2.4

2.2
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b) Series Two
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Three-phase short circuit /KG/ ;g =t

F16.17. — Factors Ay, and A, for turbine generators. (Definitions of Series One and Series Two
are given in the text.)

b) Minimum steady-state short-circuit current I ;n

Ikmin

three-phase bus short circuit is zero.

(IEC page 81)

= lmin IrG

For the minimum steady-state short-circuit current, constant no-load excitation of the
synchronous machine is assumed.

(49)

Amin may be obtained from Figure 17 or 18 for turbine generators or salient-pole machines.

Note. — For bus fed static exciters without current forcing the minimum steady-state short-circuit current for a
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a) Series One b) Series Two
5.5 5.5 Xd sat
0.6
5.0 5.0 - ]
Xd sat Amax
4.5 4.5
Amax 0.6 — 0.8
4.0 4.0 -
-
P 7 0
3.5 0.8 35 L
/ ‘/ 1.2
3.0 / e 1.0 3.0
. 4 >~ — . . 1.7
) 2 A — 2.0
s — —17 25 y4am i
2.0 —20 2.0
15 4 1.5 ; 7
1.0 / Amin ‘ 1.0 Amin
0.5 L= — | / -
. 0.5+
/
0 0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Three-phase short-circuit lig/l,g = Three-phase short circuit lig/l,g—*

F16.18. — Factors A, and A, for salient-pole machines. (Definitions of Series One and Two are
given in the text.)

12.2.2  Short circuit fed from one power-station unit

12.2.2.1 Initial symmetrical short-circuit current Iy

For the examples in Item 2) of Figure 13a, page 65, and in Figure 19 the initial symmetrical
short-circuit current is calculated with the equivalent voltage source cU,/| 3 at the short-
circuit location and the corrected impedances of the generator and the transformer of the
power-station unit (Sub-clauses 11.5.3.7 or 11.5.3.8) in series with a line impedance Z; = Ry +
jX¢ according to Sub-clause 8.3.2.3.

(IEC pagc 83)
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2 2
b) tiZg, psu t Zv, psu

a) System diagram.

b} Equivalent circuit.diagram of the positive-sequence system for the calculation with the equivalent voltage source
at the short-circuit location and the corrected impedances of the generator and the transformer of the power-
station unit.

Fic. 19. — Example of the calculation of the initial symmetrical short-circuit current'[}; fed
from one power-station unit.

For the calculation of the initial symmetrical short-circuit current Equation (45) should be
used.

The short-circuit impedance for the example in Figure 19 is given by the following in
accordance with Sub-clause 11.5.3.7:

Zy= R+ Xy = i Zg psu + B Zrpsy + Zo (50)
Zg,psu is taken from Equation (39) and Zt psy from Equation (41). Both impedances are to
be transformed to the high-voltage side with the fictitious transformation ratio ; = U,/ U,g.
Following Sub-clause 11.5.3.8 the short-circuit impedance for the example in Figure 19 is
given by:
Zy =R+ Xy =Zpsy + Z,. (51)

Zpgy is taken from Equation (43).

12.2.2.2  Peak short-circuit current i,

The calculation is done as shown in Sub-clause 9.1.1.2. For power-station units the corrected
resistances and the corrected reactances according to Sub-clause 11.5.3.7 and 11.5.3.8 are
used.

12.2.2.3  Symmetrical short-circuit breaking current I,

The calculation of the symmetrical short-circuit breaking current is done as shown in Sub-
clause 12.2.1.3 with u according to Equation (47) or Figure 16, page 79. Insert the transformed
value Iipsy, = tfypsy in place of [ig.

(IEC page 85)



IS 13234 : 1992
IEC Pub 909 ( 1988 )

12.2.2.4  Steady-state short-circuit current Iy

The calculation can be done as shown in Sub-clause 12.2.1.4, if the short circuit is fed by one
power-station unit. Insert the transformed value Iipsy; = tfxpsy in place of Iig.

12.2.3 Three-phase short circuit fed from non-meshed sources

12.2.3.1 General

In addition to short circuits fed from non-meshed sources (see Figure 13b, page 65), all short
circuits directly fed through a common impedance Z, can be calculated by the procedure given
in this sub-clause, if Z < 0.05 U,g/(, 3 Tig) holds (see Figure 13c, page 65).

In general the equivalent voltage source cU,/, 3 isintroduced (see Figure 20c) at the short-
circuit location. U, is the nominal voltage of the system in which the short circuit occurs.
Generators, feeding the short circuit directly (without transformers) are to be treated as given
in. Sub-clause 11.5.3.6, power-station units according to Sub-clauses 11.5.3.7 or 11.5.3.8 and

12.2.2" and asynchronous motors as shown in Sub-clause 11.5.3.5, taking into account
Clause 13.

Gl k3 T2 G;
S U L p————()
4r—C—:—j rotating

load

X122 Rr2 Xde2t  Rga

Non- .
rotating EGar
load

2 2
ti2Z12.PSU ti2ZG2. PSU

2 2 A
t112G1, PSU thdT1,PSU . l r- ) A ! — D‘
L J

a) System diagram.
b) Equivalent circuit diagram of the positive-sequence system with the subtransient voltages E”.

¢) Equivalent circuit diagram of the positive-sequence sysiem for the calculation with the equivalent voltage source
cU,/, 3 at the short-circuit location.

Fi6.20. — Example of the calculation of the initial symmetrical short-circuit current [} fed
from non-meshed sources.

43 (IEC page 87)
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Fig.21. — Short-circuit currents and partial. short-circuit currents for three-phase short
circuits be twee n generator and transformer of a power-station unit and at the
auxiliary busbar A (see also Sub-clause 12.2.4.1).

For calculating the partial short-circuit currents /g and It at a short circuit in F1 in
Figure 21, the initial symmetrical short-circuit currents are given by:

. cUgqg _ cUg 5
o= —7 = T (52)
3 GPSUI v Ke psulLal
CUrG
"o
v3 |ZT Ut Z Zominl
where
AR = according to-Sub-clause 11.5.3.7, Equation (39)
Z1 psu = according to Sub-clause 11.5.3.7, Equation (41)
— I I 81 _— Al i b o f e ndinie matin Qiilh Alosicns 11 &
H UnQ/ UG — ll\«llllUub transiorimarion lclllU ouu-uauac 11.9
Zgwin = minimum value of the impedance of the network feeder, corresponding to S'kq max

For S omax the maximum possible value expected during the life time of the power station is

For the calculation of the short-circuit current I'; at the short-circuit location F2, for example
at the connection to the high-voltage side of the auxiliary transformer AT in Figure 21, it is
sufficient to take:

. UrG ] 1 1 ! U"C
k=¢C + 1 = (54)
3| Zowesu Zrpsu t 7@ Zowin | 3|z
M 14 ' : . .
The short-circuit current /ot at the short-circuit location F3 has to be treated according to
Sub-clause 12.2.4.1.

(IEC page 89) a4
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12.2.3.2 Initial symmetrical short-circuit current I';

The initial symmetrical short-circuit current at the short-circuit location F can be calculated
from the sum of the partial short-circuit currents as shown in Figure 22. Motors are taken into
account by the application of Clause 13.

Ii=Iipsu+ i+ Iim + ... (55)

A simpler result, to be on the safe side, is gained by using the algebraic sum of values instead
of the geometric sum.

e O
Ipsu [y lim
ipPSU for ipM I K3
IbpSy lom ip

Fic.22. — Explanation of the calculation of 1%, iy, Iy and I, for a three-phase short circuit fed
from non-meshed sources according to equations (55) to (58).

12.2.3.3  Peak short-circuit current i, symmetrical short-circuit breaking current I, and steady-state
short-circuit current I,

If the three-phase short circuit is fed from several non-meshed sources according to Figure 22
the components of the peak short-circuit current iy and the symmetrical short-circuit breaking
current [, at the short-circuit location F are added:

ip = ipPSU + iPT + ipM + ... (56)
Ib = IbPSU + I'{a + IbM + ... (57)
Ik = IbPSU + I,IQT + ... (58)

The simple formulae (57) and (58) give results which are on the safe side.
The partial short-circuit currents should be calculated as follows:
— network feeders according to Sub-clause 8.3.2.1,

— generators without transformers between the generator and the short-circuit location as in
Sub-clause 12.2.1,

— power-station units as in Sub-clause 12.2.2, taking into account Sub-clauses 11.5.3.7 and
11.5.3.8,

— motors as in Sub-clause 11.5.3.5 and Clause 13.

45 (IEC page 91)
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This directive does not apply to the steady-state short-circuit current /. It is assumed that
generators fall out of step and produce a steady-state short-tircuit current lyg = Iy or Ipsy =

Iipsy. For network feeders [, = I, = I} is valid. There is no motor supplement to the three-
phase steady-state short-circuit current (see Table II).

12.2.4  Three-phase short circuit in meshed networks

12.2.4.1 [Initial symmetrical short-circuit current I,

The initial symmetrical short-circuit current is calculated with the equivalent voltage source
cU,/, 3 at the short-circuit location. Equation (45) is used. The impedances of electrical
equipment are calculated according to Sub-clause 11.5.3 (see also Sub-clause 12.2.2). For the
calculation of the partial short-circuit current I} o7 in Figure 21, page 89 (short-circuit location
F3), it is permitted to take Z, from Equation (54) and to transform this impedance by LAt

The impedances in systems connected beyond transformers to the system in which the short
circuit occurs have to be transformed by the square of the rated transformation ratio. If there
are several transformers with slightly differing rated transformation ratios t,, f, ..
between two systems, the arithmetic mean value can be used.

N Ao

Figures 13d, page 65, and 23 show examples for meshed networks with several sources.

12.2.4.2  Peak short-circuit current i,
The calculation can be done as given in Sub-clause 9.1.3.2.

(TEC page 9. 46
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a)

Ska
UnO
Q
T2 T3
k3 V / - G1
/ Z o /

Motor or equivalent motor
of a motor group

b)
Zot @

2 2
tt 211, PSU tt ZG1, psu

a) System diagram.

b) Equivalent circuit diagram for the calculation with the equivalent voltage source cU,/, 3 at the short-circuit
location.

* Impedance of a motor or an equivalent motor of a motor group.

Fic.23. — Example of the calculation of the initial symmetrical short-circuit current /% in a
meshed network fed from several sources.

12.2.4.3  Symmetrical short-circuit breaking current I,
The following may be set for the short-circuit breaking current in meshed networks:

I, = Iy (59)

Currents calculated with Equation (59) are larger than the real symmetrical short-circuit
breaking currents.

Note. — A more accurate calculation can be done with the following equations:

&1 (IEC page 95)
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AU; AU
. qn = _ " _ =M _ "
Iy=1% — 2 (1 = w) Iai E (1 = wiq) Tiwm; (60)
- cU, - cU,
l e J =
v 3 V3
"o " t
AUG = j X Ligi (61)
v [z
AUy = j Xvj Lo (62)
where:
cU, . - :
5 = equivalent voltage source at the short-circuit location

A
I 1 = initial symmetrical short-circuit current, symmetrical short-circuit breaking current with influence

of all network feeders, synchronous machines and asynchronous motors
AUG;, AUy = initial voltage difference at the connection points of the synchronous machine i and the asynchron-

ous motor j
Iiai It = parts of the initial symmetrical short-circuit current of the synchronous machine i and the

asynchronous motor j
u = (see Sub-clause 12.2.1.3 and Figure 16, page 79) with I/ I; or Tin;/ L respectively

q = (see Sub-clause 13.2.1 and Figure 25, page 103)
The values of Equations (61) and (62) are related to the same voltage.

12.2.4.4  Steady-state short-circuit current I
The steady-state short-circuit current [, may be calculated by:

I = Ity (63)
ky is the initial symmetrical short-circuit current calculated without motors.

12.3  Calculation method for line-to-line and line-to-earth short circuits
The details given in Sub-clause 9.2 remain valid.

12.4  The minimum short-circuit currents

12.4.1 General

The details given in Sub-clause 9.3 remain valid. In addition, consider Sub-clauses 12.4.2to
12.4.4. Careful reflection is necessary for the impedance correction factors in the equations
(36), (40), (42) and (44), especially in the case of underexcited operation.

12.4.2  Initial symmetrical short-circuit current I';

12.4.2.1  Short-circuit fed from one generator

If a short circuit is fed from one generator as shown in Figure 15, page 77, apply Sub-clause
12.2.1 and introduce a voltage factor cy, according to Table I for the calculation of the
minimum short-circuit current.

This procedure is also applied for short circuits, which are fed by several similar generators,
operated at one point in parallel.

12.4.2.2  Short circuit in meshed networks
For the calculation use Sub-clause 12.2.4 and a voltage factor ¢y, according to Table I.

EC 97
(IEC page 97) .
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12.4.3  Steady-state short-circuit current Iy i, fed from generators with compound excutu.ion

The calculation for the minimum steady-state short-circuit current in a near-to-generator
short circuit, fed by one or several similar and parallel working generators with compound
excitation, is done as follows:

I _ Cmin/ Un ( 6 4)
kmin ‘/—3— r——‘—Ri T Xi
For the effective reactance of the generators introduce:
U
Xop = 2 (65)

V3 I

Iy, is the steady-state short-circuit current of a generator with a three-phase terminal short
circuit.

This value I, should be obtained from the manufacturer.

12.4.4 Initial short-circuit currents at unbalanced short circuits

The initial short-circuit currents at unbalanced short circuits are calculated according to Sub-
clauses 9.2 and 12.3. Use the voltage factor ¢, according to Table 1.

13. Influence of motors

13.1 Synchronous motors and synchronous compensators

When calculating the initial symmetrical short-circuit current I%, the peak short-circuit
current i,, the symmetrical short-circuit breaking current , and the steady-state short-circuit
current I, the synchronous motors and synchronous compensators are treated in the same way
as synchronous generators.

Exceptions are: no modification for internal voltage; motors may have constant field voltage

and no regulators. Motors and compensators with terminal-fed static exciters do not contribute
to Ik.

13.2  Asynchronous motors

13.2.1 General

High-voltage motors and low-voltage motors contribute to the initial symmetrical short-
circuit current I, to the peak short-circuit i, to the symmetrical short-circuit breaking current
I,, and for unbalanced short circuits also to the steady-state short-circuit current Iy.

High-voltage motors have to be considered in the calculation of short circuit. Low-voltage
motors are to be taken into account in auxiliaries of power-stations and in industrial and similar
installations, for example in networks of chemical and steel industries and pump-stations.

Motors in low-voltage public power supply systems may be neglected.

In the calculation of short-circuit currents those high-voltage and low-voltage motors may be
neglected, which, according to the circuit diagram (interlocking) or to the process (reversible
drives), are not switched in at the same time.

49 (IEC page 99)
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High-voltage and low-voltage motors which are connected through two-winding transfor-
mers to the network in which the short circuit occurs, may be neglected in the calculation of
currents for a short circuit at the feeder connection point Q (see Figure 24), if:

2 Py 0.8
<
xS cl00Z S
T | 2227 g3 |

| Sk I

(66)

where:
2Py = sumof the rated active powers of the high-voltage and the low-voltage motors which should be considered
IS+ = sum of the rated apparent powers of all transformers, through which the motors are directly fed

%o = initial symmetrical short-circuit power at the feeder connection point Q without supplement of the motors

The estimation according to Equation (66) is not allowed in the case of three-winding
transformers.

7 N7 \/ N\

Q ' ’ 20KV
[F 1
T 52 t SthZ T3Q XSr=8m +Sq2+Sr3
A T j/ e 6 Y/ 8 ——I—T 0.38kV
Motors (“I"\J @ (1;\) M Equivaient motor
3~ ) (3~ 3~ Qj
M M2 M3 M4
— — J
X P
Fic. 24. — Example for the estimation of the contribution from the asynchronous motors in
relation to the total short-circuit current.
(IEC page 101)
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Active power of the motor per pair of poles M ———————f-
Fi.25. — Factor g for the calculation of the symmetrical short-circuit breaking current of

asynchronous motors.

The factor g for the calculation of the symmetrical short-circuit breaking current for
asynchronous motors may be determined as a function of the minimum time delay #;;:

= 1.03 + 0.12 In m for tp;, = 0.02 s with m:
g =0.79 + 0.12 In m for ty, = 0.05 s the rated active power of motors (MW)
q = 0.57 + 0.12 In m for fy, = 0.10's per pair of poles (67)

g =0.26 + 0.10 In m for ty,;, = 0.25 s

If the calculation in Equation (67) provides larger values than 1 for g, assume that g = 1. The
factor g may also be obtained from Figure 25.

Low-voltage motors are usually connected to the busbar by cables with different lengths and
cross-sections. For simplification of the calculation, groups of motors including their connec-
tion cables may be combined to an equivalent motor, see motor M4 in Figure 24.

For these equivalent asynchronous motors including their connection cables the following
may be used:

51 (IEC page 103)
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VAY = (according to Equation (34))

I = sum of the rated currents of all motors in a group of motors (equivalent motor)
Lir/lmy =5

Ru/Xy = 0.42, respectively »y = 1.3

m = (.05 MW if nothing definite is known

For a short circuit at the busbar B in Figure 24, page 101, the partial short-circuit current of
the low-voltage motor group M4 may be neglected, if the following condition holds:

IrM4 < (.01 I’]’(xﬁ (68)

I 1s the rated current of the equivalent motor M4. Iy, is the initial symmetrical short-circuit
current at the short-circuit location B without supplement of the equivalent motor M4.

In the case of a short circuit on the high-voltage side (e. g. short-circuit locations Q or A in
Figure 24) it is possible to simplify the calculation of Zy; according to Equation (34) with the
rated current of the transformer T3 (/13 v) in Figure 24 instead of the rated current /;, of the
equivalent motor M4.

13.2.2  Terminal short circuit of asynchronous motors

In the case of balanced and line-to-line short circuits at the terminals of asynchronous motors
the currents I, iy, I, and I, are evaluated as shown in Table II. For solid grounded systems the
influence of motors on the line-to-earth short-circuit current cannot be neglected.

13.2.3  Short circuit beyond an impedance

For the calculation of the initial short-circuit currents according to Sub-clauses 12.2.3 and
12.2.4, asynchronous motors are substituted by their impedances Zy according to Equation
(34) in the positive-sequence and negative-sequence system.

(IEC page 105)
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TaBLE I

Calculation of short-circuit currents of asynchronous motors
in the case of a short circuit at the terminals

Short circuit Balanced short circuit Line-to-line short circuit
Initial symmetrical short- cU 3
circuit current lim= —5—— (69) koM = Tiam (73)
V3 Zy 2
Peak short-circuit . — , 3.
current Ipam = %My 2 Tiam 70 | im= — 7 leam (74

High-voltage motors:
#y = 1.65 (corresponding to Ry/ Xy = 0.15) for motor powers per pair of poles

< 1MW
xy = 1.75 (corresponding to Ry/ Xy =-0.10) for motor powers per pair of poles
= 1MW
Low-voltage motor groups with connection cables xy = 1.3 (corresponding to
RM/XM = 0.42)
Symmetrical short-circuit ” 3,
breaking current Iysm =g liam (71) Iy = k3M (75)

w according to equation (47) or Figure 16, page 79, with g/ Iy
g according to equation (67) or Figure 25, page 103

Steady-state short- 1 "
circuit current Lom=0 (72) bow = T e (76)

Static converter fed drives

Static converter fed drives (e. g. as in rolling mill drives) are considered for three-phase short
circuits only, if the rotational masses of the motors and the static equipment provide reverse
transfer of energy for deceleration (a transient inverter operation) at the time of short circuit.
Then they contribute only to the initial symmetrical short-circuit current I and to the peak
short-circuit current i,. They do not contribute to the symmetrical short-circuit breaking
current I,.

Apply Sub-clause 11.5.3.5 for the equivalent motor of the static converter fed drive.

Consideration of non-rotating loads and capacitors

Calculation methods are given in Sub-clauses 12.2 and 12.3 which allow, as stated in
Clause 6, line capacitances and parallel admittances of non-rotating loads to be neglected.

Parallel capacitors

Regardless of the time of short- Cll‘CUlt occurrence, the discharge current of the capac1tors
may be neglected for the calculation of the peak short-circuit currents,

Series capacitors

The-effect of capacitors in series can be neglected in the calculation of short-circuit currents,
if they are equipped with voltage-limiting devices in parallel, acting if a short circuit occurs.

53 (IEC page 107) .



IS 13234 : 1992
IEC Pub 909 ( 1988 )

APPENDIX A

CALCULATION OF SHORT-CIRCUIT CURRENTS

Al. Example 1: Calculation of short-circuit currents in a low-voltage system

A.1.1 Problem

A low-voltage system with U, = 380 V and f = 50 Hz is given in Figure A1. The short-circuit
currents I} and i, shall be determined at the short-circuit locations F1 to F3 according to Section
One (Systems with short-circuit currents having no a.c. component decay). The equipment

data for the positive-sequence, negative-sequence and zero-sequence systems are given in
Table Al.

T2

U, =380
Sir2 =400 kVA n=380V

Cable L2
Network feeder

Overhead
Cable L3 line 4

[=20m 1=50m F3

F2

Sk =250 MVA
{ca=11)
Una=15kV

Cable L1

Sm1 =630 kVA

Fig. Al. — Low-voltage system with short-circuit locations F1, F2 and F3.
Example 1.

Al.2 Determination of the positive-sequence impedances

Al.2.1 Network feeder
According to Equation (5b) with ¢g = 1.1 (see Table I) it follows that:

Vi 1 1.1- (15kV)? 1
Zoi= 22 . - LW — = 0.704mQ
o £ 250 MVA (15kV/0.4 kV)
X = 0.995 Zg, = 0.700 mQ
Zoy = (0.070 + j 0.700) mQ
RQ‘ =0.1 XQ‘ = 0.070 mQ
(EC page 109)
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Al1.2.2 Transformers
According to equation (6), (7) and (8) it follows that:
Transformer T1:

Uiy U2 4% 400 V)?

Zy = tam o Um 4% - GOVY o6 me
100% Sirt 100%  630kVA
P P U2 6.5 kW - (400 V)?

Ry, = kr2T1 _ ka ™ _ ( 2 Y _ 5 62 mO
3 Py 2 (630 kVA)

X1 = 7% = R%,= 9.2 mQ
Zry = (2.62 +§9.82) mQ

Transformer T2:
According to the calculation for transformer T1 it follows that:

Sz = 400 kVA, Uiy, = 400 V, uyoy = 4% and Py = 4.6 kKW:
Z1, = (4.60 + j 15.32) mQ
Al1.2.3 Lines (cables and overhead lines)
Line impedances: Z, = Z|l

Line L1 (two parallel cables):

1 Q
Zu = —= (0.077+0.079) —— - 10m = (0.385 +j0.395) mQ
- m

Line L2 (two parallel cables):

1 Q
Zip= —— (0.208 +j0.068) ~— - 4m = (0416 + j 0.136) mQ
- m

Line L3 (cable):

Q
Zu3= (0271 +j0.087) —— 20m = (5.420 + j 1.740) mQ
- m

Line L4 (overhead line):
0 Q mm? Q
Ri=-2 = = 0.3704 —— ;= 1.14 [g,/% = 4.55 mm
Y 54 m - 50 mm? km 1
Xio=27F (025 + 1) = 2m 5051 2VS (00 gy 04 02972
= 2nf —( 0. n—|\= — 0. n——————\=0.297—
La = o 211:( r) TS o Akm ( 0.455 - 10’2m) km

Q
Zus = (Riu+ j X 1= (0.3704 +0.297) ~— - S0m = (18.52 + ] 14.85) mQ2
- m
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Data of equipment for Example 1 and positive-sequence, negative-sequence and zero-sequence short-

circuit impedances

Data and
Eguipment Data of eauinment equations for Zy = £(2) Z(O)
SR A the calculation of
Z(l) and Z(o) (mQ) (mQ)
Network feeder | U,q = 15kV;co = 1.1; 8% = (5b) Zog =
Q 250 MVA 0.070 + ; 0.700
RQ =01- XQ with XQ =
0.995 Z,
Transformers
T1 SrT = 630 kVA UrTHV = 15 kV, (6) to (8) Z'n = Z(O)Tl
u,m, =0.4kV 262+ j9.82 2.62 +j9.33
= 4%; Pyy = 6.5kW; Dy 5
T2 V— = 400 kVA; Uquy = 15 kV; (6) to (8) Zn= Zom =
U,TLV =0.4kV T4.60 +j15.32 T4.60 + j 14.55
Uy = 4%; P ir = 4.6 kW; Dy S
Lines
L1 Two parallel four-core Z = Zoy =
| cables 0.385 + 1 0.395 . 425 +j0.715
/=10 m; 4 x 240 mm? Cu Data and ratios
- . E Ry . X
(0.077 + j 0.079) o R X,
given by the
L2 Two parallel three-core manufacturer Zy, = Zops =
cables A 0.416 + j0.136 1.760 + j 0.165
{=4m;3 x 150 mm* Al
Q
= (0.208 + j 0.068) —
km
L3 Four-core cable Zix= Zgys =
I=20m: 4 x 70 mm* Cu 5.420 + j 1.740 16.26 + j 7.76
Zy = (0.271 + ; 0.087) E—
km
14 Overhead line (11), (12a) Ziu= Zg
I=50m; g,=50mm? Cu; d =0.4m 1852+ 1485 | 3704 + 4455
Z; = (03704 + ; 0.297) E
- km

Al.3  Determination of the zero-sequence impedances

Al1.3.1 Transformers
For the transformers

by the manufacturer:

T'1 and T2 with the vector group DvS the followin

R(O)T = RT, X(O)T =0.95 XT
Transformer T1:

Z(O)Tl = R(())'n + jX(O)Tl = (262 + ] 933) me

Transformer T2:

Zon: = R + jXor2 = (4.60 + j 14.55) mQ
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Al.3.2 Lines (cables and overhead lines)
The zero-sequence impedances are to be calculated with the relations Rq) /Ry and Xqy /X
obtained from the manufacturer.

— Line LI: Ry = 3.7 R; X = 1.81 X with return circuit by the fourth conductor and
surrounding conductor:

Tinna T, D —_ A MM .V _1 21 = e mreenaatd bace olaa .
= LIfC L2l R = 4.25 Iy ; Ay, = 1.21 A with return circuit 0y sneatn:

= (A D A M1 V. Y= (174 L i) 148 )

‘J(U)LZ \ T2 “LZ T J Aok d IXLZ} \L TAY ] J v LUJ’ 1Hiwa
— Linel3 Ro: =3R.: X.nv = 4 .46 X. with return circuit h the fourth conductor. sheath
Lme 120 R = 3 Ry Ko 6 X; with return circuit the fourth conductor, sheath

and earth:
Zays = (3 Ris + ] 4.46 X;3) = (16.26 + j 7.76) mQ

— +Line L4: Overhead line with Ry = 2 Ry; X(o). = 3 X\, when calculating the maximum
short-circuit currents:

= (2 Ry + 33 X1g) = (37.04 + ) 44.55) mQ

Al1.4 Calculation of the s

AR lssL sl on Oy

locations F1, F2 and

o
E S

Al1.4.1 Short-circuit location Fl1

Short-circuit impedance at the short-circuit location F1 according to Figure A2:
Zn(Zn+Zut+ Zy)
Zk=ZQ‘+ —— — -(1 857+]6771)mQ
- - ZTl + ZTZ + ZLI + ZL2
212 22
{ ~ } ~ p
Zat W Zi3 Zia
—{ = — =)

FiG. A2. — Positive-sequence system (according to Figure A1, page 109) for the calculation of
I and i, at the short-circuit location F1.

Maximum initial symmetrical short-circuit current according to Equation (20) with ¢ = 1.05

(see Table I):
cU, 1.05 - 380 V
1,{‘= M =z = M 7091 O = 32.81kA
v Lg VO .Ul mse
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1S 13234 : 1992
S IEC Pub 909 ( 1988 )

Peak short-circuit current i, according to Sub-clause 9.1.3.2. Because the calculation of Zy is
carried out with complex values, it is sufficient to choose the conservative Method B or for
higher accuracy Method C of Sub-clause 9.1.3.2.

Method B (impedance ratio at the short-circuit location, Equation (21)):
From the short-circuit impedance Z = Ry + j Xi the ratio R,/ Xy = 1.857 mQ/6.771 mQ =
0.274 can be found and with the equation for » in Sub-clause 9.1.1.2 it follows that:
#,=1.02+0.98e73 =145
po=115-2%,/2 I} =1.15-1.45/2 - 32.81 kA = 77.37 kA
Method C (equivalent frequency f., Equation (16) with R/X according to Equation (22a)):
The impedance Z. = R_ + j X, is calculated according to the comments of Method C of Sub-

clause 9.1.3.2 with an equivalent source voltage of the frequency f, = 20 Hz (f, = 50 Hz). The
calculation procedure is similar to the calculation of Z,, but taking the following values:

Zq. . = (0.070 + j 0.280) mQ
Zrye = (2.62 + §3.928) mQ; Zpy . = (4.60 + j 6.128) mQ
Ziyo = (0.385 + j 0.158) mQ; Z1, . = (0.416 + j 0.0544) mQ

Zy, (Znc+ Ziyc + Ziao)
ZnctZnctZiuct Zin

Ze=Zoe t = (1.85 + j2.718) mQ

R

R f 1.85 mQ 20 Hz
X  X. f, 2718mQ  S0Hz

x. = 1.02 + 0.98 e~ 72 = 1 453
ipe =22 Iy =1.453,2 - 32.81 kA = 67.42 kA

In order to interpret this result, the ratios R/ X of the parallel branches Zr; and Zn+Zi+
Z;, are to be considered. These can be calculated as:

=0.27

T1

Rr; + Ry + Ry

=0.34
XT2 + XLl + XLZ

Additionally, two-thirds of the short-circuit current are taken by the transformer T1.

The breaking current I, and the steady state short-circuit current 7, at all three short-circuit
locations need not be calculated since they are equal to the corresponding initial symmetrical
short-circuit current I} (see Equation (15)).
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A1.4.2 Short-circuit location F2

Zn+2Zu) Zn+ 2Zy)

Zk = ZQt +
T Irn+in+Zu+Zy

= (1.953 + j 6.852) mQ

cU, 1.05- 380V
= —" = =32.33kA
V32, /3 -7125mQ

The peak short-circuit current can be calculated from Sub-clause 9.1.3.2:
Z.=(1.951 + j2.742) mQ
This leads to R/X ratio of:
R/ X= 0.2847
Using the equation for # in Sub-clause 9.1.1.2:
x = 1.44
thus:
pe=n.y2 It =144 2 3233 kA = 65.84 kA
The decisive ratio R/ X is mostly determined by those of the branches Zr+ Zyand Zpy +

Ziawith (Rry + Ry1)/ (X + X11) = 0.29and (Ry + Rio)/ (X + X12) = 0.32. Moreover, these
two relations are similar to R,/ X, = 1.953 ©/6.852 Q = 0.29 — »p, = 1.43,

Al1.4.3  Short-circuit location F3

(Zn+ Zu) (Zn + Z1y)
I +tZn+Zu+ 7,

cU, 1.05-380 V
L= —2 = = 6.6 kA
J3Z, 3 -3493mQ

o =% V2 I{=1.05/2 - 6.6 kA = 9.89 KA

with:
gc = Rc + _] Xc = Zm,c + ZL3~C + ZL“’C = (1951 + ] 2742) mQ +
(23.94 + § 6.636) mQ = (25.89 + j 9.38) mQ
R R, f. 25.89 mQ 20 Hz

= : = : =1.104
X X f 9.38mQ 50 Hz

Calculated according to Equation (21) of Method B (see Sub-clause 9.1.3.2):

R, 25.893 mQ
= = 1.1043
X, 23.442 mQ

therefore:
He = 105 = Xp
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Al.5 Calculation of the short-circuit currents I'; and iy, for line-to-earth short circuits at the short-
circuit locations F1, F2 and F3

A1.5.1 Short-circuit location F1
2. ort-ctrcull tocation ri

F1
Zr2 J 2.2
p
Zat 213 Zia
— [~ & I~ 3 o~ —
e ’ | S [
Zn “{m 21
) P ~\ cUn
N e
1 ,.
o In=la=lo=—k §
Positive-sequence system 3
212 J 22
[ ~ I~ } )
Zot . Zi3 Zia
—~— ~ }——e , —{ i1
Zn 12 Zu1
4 g
Negative-sequence system
ZioT2 J Zion2
— r—re— Jh
=T el B ¢
\l Zions Ziowa
, — =} =1
Zom 9 Ziows
p
Zero-sequence |
system |

Fi6. A3. — Positive-sequence, negative-sequence and zero-sequence systems with connections at
the short-circuit location F1 for the calculation I}, at a line-to-earth short circuit.

Short-circuit impedances:
Zay=Zo) = Zi = (1.857 +j 6.771) mQ

Zoyr (Zoyrz + Zoyu + Zoy)

= (2.099 + j 5.872) mQ
Zom + Zom + Zou + Zoyz

IN
=)
I

~

(IEC page 121)
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Initial short-circuit current for a line-to-earth short circuit according to Equation (29) (see
Sub-clause 9.2.3.1):

3 cl, 3 .1.05-380 V
Iy = ‘/_ ¢ = ‘/_ ) = 34.10 kA, (IL/1, = 1.04)
1220y + Z)| 20.266 mQ

Peak short-circuit current i, according to Equation (31) of Sub-clause 9.2.3.2, calculated
with the same value for x_ as in the case of a balanced three-phase short circuit (see Sub-clause
9.1.3.2 for x.):

iy = .2 Iy =1.453- /2 - 34.10 kA = 70.07 kA

A1.5.2 Short-circuit location F2

Zay = Zpy = Zx = (1.953 + j 6.852) mQ

Zovi + Z Zom + Z
Zo) = (Zom *+ Zow) Eom ¥ Zow) _ (2.475 + j5.970) mQ
- Zom + Zom t Zou + Zoyrz

3 cU 3 :.1.05-380V
I = 3 Uy = 3 = 33.41 kA, (Il1/I} = 1.03)
122y + Z| 20.684 mQ

iy = #.y2 Iy =144 2 -33.41 kA = 68.04 kKA

A1.5.3 Short-circuit location F3

Z(l) = _Z_(z) = Zk = (25893 + ] 23442) mQ

_ (Zomn + Zow) Zor2 + Zoy2)

Z) = + Zis + Zona = (55.775 + j 58.280) mQ
O Zon *t Zon t Zou t Zou =0
3 cU 3-1.05-380V
f= 23U 3 = 4.50 KA, (I/ Ty = 0.70)
1220) + Zo)| 150.43 mQ
ipr = %2 Ity =1.05]2 - 4.59kA = 6.82 kA

Al.6 Collection of results

TaBLE AIl
Collection of results for Example 1 (U, = 380 V)
Short-circuit | Zyy = 2, Zo) Yy e I e I,
location
(mQ) (mQ) (kA) (kA) (kA) (kA) -
F1 7.021 6.24 32.81 67.42 34.10 70.07 1.04
F2 7.125 6.46 32.33 65.84 33.41 68.04 1.03
F3 34.93 80.67 6.60 9.89 4.59 6.82 0.70
Y In all cases I} = I, = I (far-from-generator short circuit).

IEC
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A2. Example 2: Calculation of balanced short-circuit currents in a medium-voltage system,
influence of motors

A2.1 Problem

A medium-voltage system 33 kV/6 kV (50 Hz) is given in Figure A4, page 127. The
calculations are to be carried out without asynchronous motors according to Sub-clause 9.1 of
Section One and with the influence of asynchronous motors according to Sub-clause 13.2 of
Section Two.

The 33-kV-/6-kV-sub-station with two transformers each of S,v = 15 MVA is fed through
two three-core solid type 33-kV-cables from a network feeder with Sto = 7SO0 MVA and U, =
33kV.

As the short-circuit resistance is small in comparison with the short-circuit reactance (Ry <
0.3 Xy, see Sub-clause 9.1.1.1) it is sufficiently accurate to calculate only the short-circuit
reactances of the electrical equipment and the short-circuit reactance X at the short-circuit
location F in Figure A4.

To demonstrate the difference, when calculating the short-circuit current Iy with absolute
quantities or with quantities of a per unit system, both calculations are carried out (see Sub-
clause A2.3 for the calculation with per unit quantities). To show the difference between a real
and a complex calculation and to demonstrate the decaying of the aperiodic component of the
short-circuit current an additional calculation is given in Sub-clause A2.4.

A2.2  Calculation with absolute quantities

Table AIIl demonstrates the calculation of the short-circuit reactance X at the short-circuit
location F in Figure A4 if the circuit breakers CB1 and CB2 are open (without influence of the
asynchronous motors M1 and M2).

The initial symmetrical short-circuit current without the influence of the asynchronous
motors M1 and M2 becomes with ¢ = 1.1 (according to Table I for the maximum short-circuit
currents):

r o U L6V A
k (without M1. M2) = 3x 3 0wma W

X, is taken from Table AIII.

(IEC page 125)
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Ska =750 MVA Network feeder
Q ) ) UnQ =33kV
Cable L1 Cable L2
X{y =01 Ykm Xi2=0.1 Ykm
1=4.85km 1=4.85km
Urnv
Transformer T1 Unv Transformer T2
S =15 MVA Sia2=15 MVA
33 kv
ukm =15% U2 =15% k3
6.3 kV

Unp=06kV .
I
“ cB1 CB2 o
I
Non-
rotating
load 9 M1 M2
(3x)
Asynchronous motor M1 Three asynchronous motors, treated as an equivalent
Py =5SMW,; Uy = 6kV motor M2, each of them having the following data:
cos ¢, = 0.86; n, = 0.97 Py = 1MW, Uy =6kV
Lel/ly=14 cos @, = 0.83; 5, = 0.94
pair of poles: 2 Iig/Iy = 5.5

pair of poles: 1

Fic. Ad4. — Medium voltage 33 kV/6 kV system with asynchronous motors.
Example 2.

IEC
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s ATIT
ABLE A1lllL

Calculation of X\ (Q) for Example 2, without the influence of asynchronous motors M1-and M2

(CBI and CB2 are open)
No. Equipment Equations and calculations Re:zt;;n’ce
1 Network feeder Equation (5b):
g 1 1.1- (33kV)? 1
= G = . 0.0582
Xor Sio £ 750 MVA (33kV/6.3kVY
Xy = X1, -1 ! =0 2 485k ! 0.0177
2 | Cable L1 Lit — A1 " '—!—Zr—- IE“:‘ . m'(33kv/é'3kv)2 .
3 Transformer T1 Equation (6) (X7 = Z;)
U Uiy 15% (6.3kV)
X1 = . = . 0.3969
™ 100% Sem 100%  15SMVA
4 L1+T1 Xin+ Xpp = X + Xy 0.4146
5 (L1 + T1) (L2 + T2) 1
in parallel Two equal branches in parallel 5 (Xin + X11) 0.2073
6 Short-circuit 1
reactance X, Xy = Xow + 5 (X1 + X1y) 0.2655

The initial symmetrical short-circuit current, without the influence of motors, at the short-
circuit location (see Figure A4) is:

1 AR §4
.1 OKYVY

[

~T7T
, CU,

r.. = = = ’
K (without MILM2) 737y /3 0.2655 Q

= 1435 kA

According to Sub-clause 12.2.3 (three-phase short circuit fed from non-meshed sources and
Equation (55) it is possibie to add the partial symmetrical short-circuit current at the short-
circuit location (see Figure A4, page 127):

L= L iponnivn L + Limz

The partial short-circuit currents iy; and v, (CB1 and CB2 are closed) are calculated
from Equation (69) in Table II and Equation (34) in Sub-clause 11.5.3.5 for the short-circuit
impedances of asynchronous motors.

Motor M1:
1 i 1 (6kVY
ZMI = ° = : =1.5Q
Lr/ I Sim 4 6 MVA
where: B Py _  SMW
S = o om,  086-097 6 MVA
Motor M2 (three motors with equal daia — equivalent motor):
2 2
Zuy = 1 ' 1 . Uim _ 1 - 1 . (6kV) 17050
3 Iir/Iim Sim 3 5.5 1.28 MVA
where: P 1 MW

Sm = = = 1.28 MVA
™M " cos @y, 0.83 - 0.94

(IEC page 129)
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Partial short-circuit currents according to Equation (69):

g CUn  _ L16kV
Mz Y3 -15Q
cU, L1-6KV o na

) [ =
M2 T3 Ziy Y3 - L705Q

Short-circuit current at the short-circuit location F in Figure A4, page 127, including the
influence of the motors M1 and M2:

Lo=T oring + Ton + Tan = (14.35 + 2.54 + 2.23) kA
I, = 19.12kA

The influence of the asynchronous motors raises the short-circuit current to 1.3 of the value
without motors.

S =/3 UJ,={3 -6kV-19.12kA = 198.7 MVA ~ 200 MVA

When calculating the partial short-circuit current fed from the network, Sub-clause 12.2.3.3
is used:

1 I =I

k (without M1, M2) b (without M1, M2) " k (without M1, M2)

For the calculation of 1,3 the factor x has to be determined according to Equation (47) and g
according to Equation (67) with t,;, = 0.1 s. With Iya/Ivy = 4.40 and Fyyp/Iv, = 6.05 the
values uy; = 0.80 and puy, = 0.72 are calculated. With active power per pair of poles my;, =
2.5 MW and my, = 1 MW the values qy; = 0.68 and gy = 0.57 are found. '

According to Equation (71) the partial breaking currents are:
s = pv1 @vn Temn = 0.80 - 0.68 - 2.54 kA = 1.38 kA
Tvamz = vz 92 Temz = 0.72 - 0.57 - 2.23 kA = 0.92 kA
The symmetrical short-circuit breaking current becomes:
Iy =1 ows vyt Toamt + Toamz = (14.35 + 1.38 + 0.92) kA = 16.65 kA

According to Equation (72) there is no contribution of the asynchronous motors to ;:
=1, (without M1, M2) 14.35 kA

A2.3 Calculation with per unit quantities

For the calculation with per unit (p. u.) quantities two reference quantities (Index R) have to
be chosen. For Example 2 those quantities shall be:

Ur = U, = 6kV or 33kV and Sg = 100 MVA

1EC page 131
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Per-unit (p.u.) quantities (with an asterisk [*] as a superscript) therefore are defined as
follows:

e U U 7S s

) — CRC
Ug ' Sg Uk Sk

If the system is not coherent as indicated in Sub-clause 8.4, that means U ryy/ ULy # Upyy/
U,Lv, then the rated transformation ratio related to p. u. voltages becomes:

b

U, U 33kV 6kV
= — . ROV : = 0.9524
UrTLV UR,33 kV 6.3kV 33kV -

The procedure for the calculation of the initial symmetrical short-circuit current without the
influence of the motors is given in Table AIV in a similar manner as in Table AIIL

The initial symmetrical short-circuit current *I} (without M1, M2) 3t the short-circuit location in
Figure A4, page 127, is:
. c*U, 1.1-1p.u.
k (without M1, M2) ‘/73— '*Xk \/T .0.7375 p.u.

= 0.8611 p. u.

From this the short-circuit current in kiloamperes is calculated:

, . . 100 MVA
Iy ishou v = i gwithow M1, w2) v 0.8611 p. u. T kY 14.35kA

R,6kV

TaBLE AIV

Calculation of * X, (per unit [p. u.]) for Example 2,
without the influence of asynchronous motors M1 and M2 (CBI and CB2 open)

No. -Equipment Equations and calculations Reactance
(p-M.)
1 Network feeder Equation (5b):
Ui 1 11-(1p.u) 1
*Xow = e = . 0.1617
@ *Seo 2 7.5p. u. 0.9524
: Sk 1
2 Cable L1 A =*Xul —5—— -
H = Uk 33xv '
Q 100 MVA 1
=01 -—-485k . 0.0491
m MM TosR
3 Transformer T1 Equation (6) (X1 = Z3)
X = Uty Uiy Y
= : : 5
100% Ser1 Uk exv

15%  (63kV)Y 100 MVA

= 1.1025
100% 15 MVA (6 kV)*
4 L1+ T1 Ay + * Xy = "Xy + * X 1.1516
5 (L1 + T (L2 + T2) 1
in parallel Two equal branches in parallel 5 ("Xiw + *X1) 0.5758
6 Short-circuit 1
reactance * X *Xx = *Xoy + 5 Xy + *X10) 0.7375
(IEC page 133)
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The short-circuit impedances in p. u. of the asynchronous motors are:

Motor MI:
3 1 Ul SR 1 Sk
AN Sim Uk kv Iir/ I Sim
.z 1 100 MVA 1167
= . = 4. .u.
MIT T TeMvA P
Motor M2:
1 1 Uy Sr 1 1 Sk
* = . . C— = . .
3 ILR/IrM SrM UR.6kV 3 ILR/IrM SrM
| 100 MVA
*ZMQ = g ' = 4.735 p.-u.
3 5.5 1.28 MVA
Partial short-circuit currents according to Equation (69):
. 1.1 *U, 1.1-1p.u 0.1524 r 3 SAKA
= = — = (. u. = = 2.
M e 3 -4.167p.u, P kM1
1.1*U, 1.1-1p.u.
= =0.1341 p.u. = iy, = 2.23 kKA

*levp = —— = —
M3 *Zwe (3 -4735p.u
The results are the same as in Sub-clause A2.2.

A2.4 Calculation with complex quantities
In this Sub-clause the short-circuit calculation is done with complex quantities for the

medium voltage system according to Figure A4, page 127.

The complex impedances of electrical equipment are calculated from the data given in
Figure AS. This figure indicates the partial short-circuit currents of the branches and their

addition at the short-circuit location.
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Network feeder
Sa =750 MVA
Rq/Xq =0.1 {see Sub-clause 8.3.2.1)

Q Una=33kV
Cable L1 Cable L2
Ri1=0.1 Q’km Ri2=0.1 QYkm
X{1=0.1 O/km Xi2=0.1 Ykm
1=4.85 km 1=4.85 km
Sm =15 MVA U Sa2=15MVA
upmi=0.6% T v T2 unT2=0.6%
um =15% Uy ukit2=15%
33 kV
6.3 kV
=t
1, ign ber, by 12, igra, lora, vz
Un=6kV . . o P E— o
fikmn Timz
ipMm1 fom2 CcB3
lowm Tom2
[] [l
Non-rotating kM1 kM2 F
load K
M1 M2 -
{3x) '
Iy
Iy

Data of asynchronous motors M1 and M2 given in Figure A4

Fic. A5. — Medium voltage 33 kV/6 kV system with asynchronous motors (complex calcula-
tion for Example 2).
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TaBLE AV
) for Example 2,

T1, T2

with asynchronous motors M1 and M2 according to Figure AS

No. Equipment Equations et calculations Imp(esg;nce
1 Network
feede U 1
' Zoi= 2% . = 0.0582 Q (see Table ALLI)
Q [
X =0.995 Zg, = 0.0579 Q } See Sub-clause
Ro=0.1Xo, = 0.0058Q | 8321
Zo: = R + i Xo 0.0058 +
' j 0.0579
2 | CableLt P SO -, 1
L — i~y tzr = V. km . m ————ST\/)———Z
( 6.3kV )
RL]I = 00177 Q
1
X = X1 1 ' = (.0177 Q (see Table Alll})
Zyy = Ry + j X1y 0.0177 +
i0.0177
3 Transformer T1 Ugert Uiy
Zy = - — = 0.3969 Q Table AIII
T1 100% 5o (see Table )
Equation (7):
R. = Urm Vv 0.6%  (6.3kV)
™ 100% Sem 100% 15MVA
Rp; = 0.01588 Q
Equation (8):
Xn =\ Z% — Ry =10.3966 Q
Zr1 = Ry + jXny 0.01588 +
j 0.3966
4 L1+ Tl Zyy+ Zoy = Zun + Zny 0.03358 +
j0.4143
5 (L1 + T1) (L2 + T2) % (2o + Zn) 0.01679 +
in parallel j0.2072
6 | Short-circuit Zi iy = Zou 5 (L + Zn) 0.02259 +
impedance j 0.2651
69 (IEC page 139)
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Short-circuit impedances of asynchronous motors M1 and M2:

Motor M1:
1 Uiy
vy = . =15Q (see Sub-clause A2.2)
I LR/ IrM SrM
Pn/p = SMW/2 = 2.5 MW [=1 MW] (p = 2 pairs of poles)
therefore:

Xm = 0.995 Zy et Ry = 0.1 Xy (see Sub-clause 11.5.3.5)
Zwn = (0.1493 + j 1.493) Q; | Zpy | = 1.5 Q
Motor M2 (three motors with equal data — equivalent motor):

1 1 Uy

Zyy = . . =1.705 Q Sub-clause A2.2
M2 = Tl S (see Sub-clause )

Po/p = 1MW/1 = MW [=1 MW]

therefore:
Xy =0.995 Zyy and Ry = 0.1 X,

Zyy = (0.169 + j 1.696) Q;| Zyy | = 1.705 @

Short-circuit current I at the short-circuit location F in Figure A5, page 137, according to
Equation (55) in Sub-clause 12.2.3.2:

Ix = (Iim + Iiw) + Iiws + Iime

cU, 1.1-6kV

Loy + Ty = S = (1.216 - j 14.27) kA

=TT T3 e 73 oz rjoasng i14.27)
L L1-0kY = (0.253 - j 2.527) kA
M 43 (01493 11403 @ o 1

L S L1-6kv = (0.223 — j 2.225) kA
M T e Y3 (01696 +j1.696Q o 1T

It =(1.692 — j19.02) kA; | I} | = 19.10 kA (see Sub-clause A2.2)

Peak short-circuit current i, at the short-circuit location F in Figure AS according to
Equation (56) in Sub-clause 12.2.3.3:

= (o1 + iym) + ipws + ipme

(IEC page 141) 2
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According to Sub-clause 9.1.1.2:

R 0.02259 Q
T1, T2: = — = 0.0852
X 0.2651 Q

%=102+0.98e? 082=178
‘ipTl + ipTZ = VE_ x (IIII(TI + Iin)

i1 + i =2 - 1.78 - 14.32 kA = 36.05 kA

R

M1: 7 = 01, M1 = 1.75 (See Table II)

imi =+ 2 2 Towy =2 - 1.75 - 2.54 kA = 6.29 kKA

R
M2: — =0.1; =1.75
5% M2

ipMZ = \‘7 M2 I'I,(M2 = Vfrj -1.75 - 2.24 kA = 5.53 kA

iy = (36.05 + 6.29 + 5.53) kA = 47.87 kA
Decaying aperiodic component ipc according to Equation (1) at f = 50 Hz:
ipc = (ipc,11 + ipc.12) + ipe.mt + Ipc,me
ipemi + iper = V2 (Bypy + Tipp) e 20 1RX
ipcmi +ipee =2 - 14.32 KA e %057 00852t
ipcmi = v 2 Ipg e FORX = [27 .2 54 KA e 275057100t
ipemr =2 I e P HRX = 2. 224 kA e 20505701

Symmetrical short-circuit breaking current I, according to Equation (57) in Sub-clause
12.2.3.3:

Iy = (Iyr; + Lyp) + Loy + Iow

Ile + Isz = 1'12'“ + 1'12'1"2 = 1432 kA
(according te Sub-clause 12.2.3.3, far-from-generator short circuit)

Iomi = piv1 @1 Tovs
With a minimum time delay ¢, = 0.1 s and the already calculated values for u and g:

Iy = 0.80 - 0.68 - 2.54 kA = 1.38 kA

n (1EC page 143)
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and corresponding for the motor M2:
Iy = 0.72 - 0.57 - 2.24 kA = 0.92 kA
I, = (14.32 + 1.38 + 0.92) kA = 16.62 kA (see Sub-clause A2.2)
Asymmetrical short-circuit breaking current Iy i, With the help of ipc:

2

ipc
Ib'asym = 12b+ ( ﬁ )

For ty, = 0.1's (f = 50 Hz):
ipc =12 -14.32KA - 0.0688 + | 2 -2.54 KA - 0.0432 + /2 - 2.24 kA - 0.0432

ipc =2 (0.985 + 0.110 + 0.097) kA = | 2- 1.192 kA

[2 - 1.192kA \?
Tyaym = \ﬂls.@zkA)an( b )

V2
Iyaym = V2762 + 1.42 kA = 16.66 kA = I,
Steady-state short-circuit current I, according to Equation (58):

Iy = (b + Lk2) + Lows + Tiw2
Ity + Ly = Iy + Lk, = 1432 kA
Ii = L =0 according to Equation (72)

I, = 1432 kA

A3. Example 3: Calculation of balanced short-circuit currents in the case of near-to-generator
short circuits. Impedance correction factor

A3.1 Problem

The balanced short-circuit currents at the short-circuit locations F1 to F4 in Figure A6,
page 147, are to be calculated according to Section Two.

A power-station unit (PSU) is connected to a 220 kV system with the actual, initial short-
circuit power S = 8000 MVA of the network feeder. The auxiliary transformer AT is of the
three-winding type feeding two auxiliary busbars B and C with U, = 10 kV.

The influence of asynchronous motors on the short-circuit currents is to be taken into account
when calculating short-circuit currents at the short-circuit locations F2, F3 and F4. Low-voltage
asynchronous motors shall be handled as motor groups. The terminal short-circuit currents of the
high-voltage or low-voltage motors are calculated within the Tables AVI or AVIIL.

(IEC page 145) -
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A3.2  Short-circuit impedances of electrical equipment

A3.2.1 Network feeder

According to Sub-clause 8.3.2.1 it follows, with ¢ = 1.1 from the actual symmetrical short-
circuit power at the feeder connection point, that:

clA  1.1-(220kV)?
Zo = = = 6.655 Q
1o 8000 MVA

Xo = 0.995 Zg = 0.995 - 6.655 Q = 6:622 Q
Zo = (0.6622 + j 6.622) Q
Ry=0.1Xy=0.1-662Q =0.6622 Q

For the calculation of the maximum short-circuit current at the short-circuit locations F2 and
F3, Zq min (corresponding to Siq max) is found according to Sub-clause 12.2.3.1. Skq max 1S to be
estimated from the future planning of the power-system.

4 _ U _ 11(220kVY
o S oma 20000 MVA

=2.662 Q

Zamin = (0.2649 + j 2.649) Q
A3.2.2  Unit transformer
From the data given in Figure A6, page 149, Equations (6) to (8) according to Sub-
clause 8.3.2.2 yield:

Uiy Vv 15% (240 kV)?

Zuy = : = =34.56 Q
100% St 100% 250 MVA
Py Ua 240 kV)?
Resy = 20 = p I _gsomw —COY 4590
3 Py S2 (250 MVA)

Xy =V Zanuy — Rinv = 34.56 Q

Zry = (0.479 + j 34.56) Q

Converted to the low-voltage side of the unit transformer with ¢, = 240 kV/21 kV:

1 1
Xy = Xy - —— = 34.56 Q = 0.2646 Q; Ry = 0.00367 Q
LV ATV T (240 kV/21 kV)? Y

Zrv = (0.00367 + j 0.2646 ) Q

A3.2.3 Generator

With the data given in Figure A6, the calculation according to Sub-clause 11.5.3.7 with
¢ = 1.1 (see Table I) and Rg = 0.05 X7} (see Sub-clause 11.5.3.6) can be performed as:

I
7 (IEC pagel 147)
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Zo = Rg + i X) = X3 (0.05 + j) = x4 Ut (0.05 + j) = 0.17 (2L kvy (0.05 + j)
£ = R ide= A V=t : 250 MVA :

N N1RN 1 2 N O000Y O)
\V.UIDY T JU.LTTT ) 3

G

IN

The correction factor according to Sub-clause 11.5.3.7 can be found:

Cmax _ 1.1
1+ xising,g 1+ 0.17-0.6258

KG.PSU = = 09942

therefore:

Zg.psu = Ko psu Zg = 0.9942 (0.0150 + j 0.2999) Q = (0.0149 + { 0.2982) Q

In order to calculate the short-circuit current on the high-voltage side of the transformer
(F1lin Figure A6, page 149) the equations in Sub-clause 11.5.3.8 are used with ¢, = 1.1, ;=
Uy/U,g = 220kV/21 kV and ¢, = 240 kV/21 kV, and therefore:

f\2 Conan 220 kV 20 kV 2 1.1
() a )

) 1+ (i—x)singg |\ 21kV  240kV | 1+ (0.17 - 0.15) 0.6258

KPSU = 09129

240 kV
Zpsy=Kpsul:Z+ Z1iv]=0.9129 [(

2
(0.0150+j0.2999) Q + (0.479 + j34.56) Q
21kV

Zpsu = 0.9129 [(1.959 +  39.17) Q + (0.479 + j 34.56) Q] = (2.226 + j 67.31) Q

A3.2.4  Auxiliary transformer

The positive-sequence short-circuit impedances Z,, Zg and Z¢ according to Figure 7,
page 41, can be determined with the equations of Sub-clause 8.3.2.2. Substituting the data
presented in Figure A6 in Equation (9), the positive-sequence short-circuit impedances of the
transformer are calculated as follows (related to the 21 kV side A):

o = UxrAB . UZrTA _ 7% i (21 kV)2 ~1.2348 Q

AB 100% SiTaB 100%  25MVA

Zac=2Zap

7 _tmc Uita _ 13% _ (21kV)? 2910

BC 100% S.rme 100%  25MVA

Rap = Rac = Potan Um _ 0.059 MWM =0.04163 Q
Siran (25 MVA)?
(IEC page 151)
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Uira (21kVy?
RBC = PkrTBC 2] = 0114 MW———_,,— = 008044 Q
StTBC (25 MVA)*

Xap = Xac = Zap — Rip = 1.2341 Q

XBC =y Z:’BC - Rzgc =2.2918 Q

Using Equation (10) and referring the impedances to U,r4 = 21 kV:

Zy= % (Zap + Zac — Znc) = ~21- (0.00282 + j 0.1764) Q = (0.00141 + j 0.0882)
Zy = % (Zoc + Zap = Zac) = —21— (0.08044 + j 2.2918) Q = (0.04022 + j 1.1459) Q
Zc= -é— (Zac + Zpc — Zap) = % (0.08044 + j2.2918) Q = (0.04022 + | 1.1459) ©

Converted to the 10.5kV (side B or C) with £, = 21 kV/10.5kV, the impedances of the three-
winding transformer AT are:

Zav=Za- % (0.000353 + | 0.02205) @

Zpy = Zewv = Zg % (0.0101 + j 0.2865) Q

A3.2.5 Low-voltage transformers 2.5 MVA and 1.6 MVA

According to Figure A6, page 149, and Figure A8, page 165, there are five transformers with
St = 2.5 MVA and U,ryy/ Uiy = 10 kV/0.693 kV connected to each of the two auxiliary
busbars 10 kV and in addition one transformer with S;; = 1.6 MVA, U,tyy/ Uy = 10 kV/
0.4 kV. Each of these transformers feeds a group of low-voltage asynchronous motors.

With the equations in Sub-clause 8.3.2.2 and the data in Table AVII it follows that:

UgrTis Uinsuy _ 6% (10kV)*
Zrispy = : = . =24Q
100% Seris 100% 2.5 MVA
Py U? 10 kV)?
Rrisiy = ——2— = Piris —aonv. = 0.0235 MW (——)—2 =0.376 Q
3 Iimis S:tis (2.5MVA)

X1isuv = VZ5isuy — Risuy = 2.3704 Q
_Z__TISHV = RTISHV + _] XTISHV = (0376 + ] 23704) Q

= Zrienv - - - Z1ionvs Zrany - - - Zrasuy

UaT20 Uitaonv _ 6% . (10 kV)?
100% Si120 100% 1.6 MVA

ZTZOHV = = 375 Q

(IEC page 153) 76
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(10 kV)?

TEMVAY - 0.6445 Q

RTZOHV = 00165 MW

Xto0nv = \fZZTzoﬂv - RTTZOHV = 3.694 Q
Zrony = Rroony + ] Xraony = (0.6445 +j3.694) Q = Zraeny
Converted to the low-voltage side with ¢, = 10 kV/0.4 kV:

ZT:)_()LV = _Z_TZOHV . ‘tl‘z_ = (1031 + ] 591()) mQ

r

A3.2.6 Asynchronous motors

Data and calculations of the short-circuit impedances of the high-voltage motors M1 to M14
according to Sub-clauses 11.5.3.5 and 13.2 are given in Table AVI.

Using Equations (69) and (34) and bearing in mind that U,y is equal to U, in this special case,
the following expression can be found for Iiyu:

cU, u, 1 I, I
lom = —= = ¢ L v

v 3 ZM v 3 IrM UrM/\W3 IrM

Data and calculation of the short-circuit impedances of the low-voltage motor groups
including their supply cables according to Sub-clauses 11.5.3.5 and 13.2 are given in Figure A8,
page 165, and Table AVIL.

(IEC
77 (IEC page 155)
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TABLE AVI

Data of high-voltage motors and their partial short-circuit currents

at the short-circuit location on busbars B or C respectively

Auxiliary
’ C

busbar B
Motor No. i )
(sce Figure A6) 123 ] 405 6 1 |.mis 9 10 ’ 12 1314|814 |Remarks
P MW168 31 13 07 05 2 17 - 451 31 13 185 07 053 2 -
Quantity of motors | - 12 1 2 1 2 12 - |l 1 2 1 2 2 1 -
Uen kv 10 - 10 _ N T Data given from
oS ¢, - (08 085 088 085 075 085 095 - |0.87 085 0.88 { 085 08 075 08| - the manufacturer
rz, - 10976 0959 0962 | 0.952 0.948 0.9 0.96 - 0973 0959 0962 | 0959 0952 0948 09 | -
Lir/lo - 4 - 4 -
Pair of poles p -2 2 1 3 5 33 -3 2 1 3 3 5 3 -
Som (250 MVA {1566 380 3.54 087 149 245 419 | 320 (602 3.8 354 221 173 149 245 | 213 |Calculated with S,y = P,yfcos @/n,)
I (Clo) kA 10904 0220 0.205 | 0.05 0.086 0.141 0.2421 185 10348 0219 0.204 | 0131 010 0.086 0.141| 1.23 {Caleulated with Ly = Sp/(, 3 Up)
Tl - 4.4 - 44 - ISee Sub-clause A3.2.6
m MW[34 155 15 023 011 067 057 - L7 18 1S 062 023 011 067 - Iim=Pyp
Ry Xy - |01 01 01 015 015 015 015 - 01 01 0t 015 015 015 015] - |according to Sub-clause 11.5.3.5
Ay D AR WATES WA 165 1.65 165 165 - L35 175 LTS 165 165 165 165] - [V
U (L = 0.15) - 0.79 - 0.79 — |u=062+ 072 "2 RwiMD
4 (tmin = 0.13) - 1072 062 062 0.39 031 052 050 - 1063 062 0.62 051 039 031 052] - 1g=057+01R/mm?
Tom kA [ 398 097 0% | 022 038 062 106 814 153 096 090 | 058 044 038 062 | 541 |l = (Famlld) I
fham kA | 985 240 2.3 0.51 089 145 247 | 198 379 238 2.23 135 103 089 145 | 13.12 |ipsm = #y. 2 fism. Equation (70)
Lam kA | 228 048 044 | 007 0.09 026 042 | 404 (077 047 044 024 0.4 0.09 026 | 241 |l = qulian. Equation (71)
2y Q | 160 658 7.06 |2874 1678 10.2 597 | 078 |415 656 706 | 1101 1445 1678 102 | 1.17 |Calculated with Equation (34)
Xy Q 1 —0995 Zyy—— 0.989 Zy, 0.777 | ——10.995 Z, 0.989 Z 1.165 According to
Ry Q I— 01Xy 0.15 Xy 0.08 |—— 0.1 Xy 0.15 Xy 0.138 Sub-clause 11.5.3.5,

Y The values for xy are given in Table I of Sub-clause 13.2.2.
3 Equation (47), tpi, = 0.1s.
» Equation (67), fmix = 0.1s.

A3.3  Calculation of short-circuit currents

A3.3.1 Short circuit at the short-circuit location Fl1

The calculation is done according to Sub-clause 12.2.3. It is not necessary to take the
asynchronous motors into account (see Sub-clause 13.2.1, contribution of motors smaller than

5%).

The 1nitial symmetrical short-circuit current is calculated according to Equation (55):

Iy = Iipsy + Iko

A B RN /A 1.1-220kV (0.0686 — §2.073) kAd| Fons | 2,075
VT U Zesy V3 Q226+6731)Q )< 1 ZkpSU| = 2
ko 8000 MVA
o= 7 = = = 20.99 kA
J3 U, |3 -220kV
, LU, 1.1-220kV 2088 —  20.89) kA: | 110 = 2099 KA
=0T T3z, V3 (06622+6622)Q e H Zko| = 0.
(IEC page 157)
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Ii = Itpsy + Itg = (2.157 — 1 22.96) kA; | I} | = 23.06 kA
Equation (56):
Ip = ippsu + ipo
Power-station unit:
R/X = Rpsy/ Xpsy = 2.226 2/67.31 Q = 0.033 — spgy, = 1.91
Ippsy = #psy ¥ 2 Typsy = 1.91- /2 - 2.075 kA = 5.605 kA
Network feeder:
Rq/Xq =0.1; #g = 1.75
o =% {2 Iio=1.75-/2 -20.99 kA = 51.95 kA
ip = 5.605 kA + 51.95 kA = 57.56 kA
Equation (57), tpi, = 0.1 s:
Iy = Ipsy + Ihg = Ipsu + Tk
Power-station unit (see Sub-clauses 12.2.3.3 and 12.2.2.3):
Topsy = ulipsus u = pogs = 0.62 + 0.72 ¢ 32 fic’le = () 859
with:
Lo/ g = Lpsue/ I = 4, Bipsu/ I = (240 kV/21 kV) - 2.075 kA/6.873 kA = 3.45
Ipsy = 0.859 - 2.075 kKA = 1.78 kKA
I, = Lpsy + Ito = 1.78 kA + 20.99 kA = 22.77 kA

A3.3.2  Short circuit at the short-circuit location F2

First of all, according to Figure 21, page 89, the initial symmetrical short-circuit current at the
short-circuit location F2 (without the influence of asynchronous motors) is derived from the
partial short-circuit currents I (see Equation (52)) and I (see Equations (53) and (41)).

T3 Zoesu 43 (00149 +j02982) @ o T | 6| = 44,
T CUrG
kT = 7
J3 l: (Zr,psu + 7 ZQmin) ]
f
1.1:21kV

21kV |2 _
(0.2649 + j 2.649) Q
220 kV

[3’{ 1.1 (0.00367 +  0.2646) Q + (

79 (IEC page 159)
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1.1-21kV
J3 (0.00645 + j0.3152) Q

Iir = = (0.8655 — j 42.29) kA; | It7| = 42.30 kA

Ii = Lig + Iir = (3.10 - j 86.90) kA; | I, | = 86.96 kA

Using Equation (54) Zy is calculated from Zg psy and

1
[ Zrpsu + —5* Zomin ] :
f

(0.0149 + j0.2982) Q (0.00645 + j 0.3152) Q
(0.02135 + j 0.6134) Q

Ll =

= (0.00546 +j 0.1533) Q;

| Za| = 0.1534 @

cUs  11:21kV
V3| Zyl J3 01534 Q

4

= 86.94 kKA

Normally it is sufficient to calculate as follows (because R < X):

oo _Us _ L1-21kV 466 KA
T T3 Zoey 3 -0298Q 7
cU,
Tir = “’1
\/?l: (Z1,psUu + 5 Zomin) }
f
~ 1.1-21kV  30kA
- 21kV 2 e
J3 | 1.1-0.2646Q + -2.662 Q
220 kV

Iy = Iig + Iy = 86.96 kA
Ip = g +ipr  according to Equation (56)
ipG calculated with Rg/ X% = 0.05 (éee Sub-clause 11.5.3.6) — x5 = 1.86
i = %G {2 Tt =1.86-72 - 44.67kA = 117.48 kA
fr  calculated with R/X = 0.00645 Q/0.3152 Q = 0.0205 — »; = 1.94
iy =nry2 Iir =194 /2 - 42.30 kA = 116.05 kA

ip = 233.53 kA

(IEC page 161)
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I, = L + Iy = Iyg + Itr;  Iyy = Iy (see Equation (57))
Iy = ulyg; Iiyg/lig = 44.67 kA/6.873 kA = 6.50 = s = 0.71
I = 0.71 - 44.67 kA = 31.71 kA
I, = 31.71 kA + 42.30 kA = 74.01 kKA

Normally, there is no circuit breaker provided to switch off the total breaking current, so that
only the current It = [i7 is of interest.

The additional short-circuit currents fed from the asynchronous motors can be calculated
from the results of Table AVI and AVII and from the impedances of the auxiliary transformer
(see Sub-clause A3.2.4) related to the HV-side of the transformer AT.

grsl
~
— =~}
ZK
-—(r
—_— -
c U
V3
Auxiliary transformer AT
Busbar B Busbar C
- Un=10kV
Zzmi.m7n U Zzm+Ts..200 ZsM+T,21..261 g] Z5(M8..M1an
— v - . J
Zmst 2Zmct

Fi16. A7. — Positive-sequence system for the calculation of the partial short-circuit current
Iim-at from high-voltage and low-voltage motors at the short-circuit location F2.
Impedances are transferred to the high-voltage side of the auxiliary transformer
AT with ¢, = 21 kV/10.5kV = 2.

81 (IEC page 163}
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Auxiliary busbar B, U, =10 kV

Motors ‘

M1..M7 T19 T18 ™7 T16 T15
S7=2.5 MVA
Uty 10kV
T20 Urnv ~ 0.693kV
=1.
Sir 6 MVA Uy =660V
Uty 10KV
Uty 0.4kV
Un=380V

M19 M18 M17 M16 M15

Motor groups M15...M20
M20

Fic. A8. — Detail of Figure A6, page 149. Transformers and groups of low-voltage asynchron-
ous motors connected to the auxiliary busbar B. Transformers and low-voltage
motor groups connected to the busbar C are identical.

Z,, ., =(008+j0777)Q

Z,, . = (0.138+1.165Q

Zyiras.y = (1200+j31529) Q=2 .

Zyins = (C644[1SE)Q=Z

z,, = (0.101 + § 0.606) Q; Zym, = (0.404 + | 2.424) Q
z,. = (0.157 + j 0.817) Q; Zuc, = (0.626 + j 3.270) Q

(Zs + Zmp) (Zc + Znc)
Zp + Zc +2Zmp t+ Zvce

Zm-ar = Zp +

(0.444 + j 3.570) Q (0.666 + j 4.416) @

= (0.00141 + j 0.0882) @ +
( 10.0882) (1.110 + } 7.986) @

Zy-ar = (0.00141 + j 0.0882) Q + (0.2688 + j 1.9744) Q = (0.270 + j 2.063) Q

¢l 1.1-21kV
V3 Zu-arl V32080

I'l’(M—AT = = 6.41 kA

(IEC page 165)
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TaBLE AVII

Data of low-voltage asynchronous motors and data of transformers 10 kV/0.693 kV and 10kV /0.4 kV
respectively connected to the auxiliary busbar B. Partial short-circuit currents of the low-voltage
motors at the short-circuit location F3.

Transformer No. z b) Remarks
S
Motor group No. 1516 17 18 19 (15...19) 20 (15...20)
St MVA 2.5 12.5 1.6 14.1
UrTHV kV 10 10 Data
Uy kV 0.693 0.4 given by
7 % 6 6 the manufacturer
Py kW 235 16.5
Py (motor ats
group) MW 0.9 45 10 55 } Soen by
Uwm kV 0.66 0.38 h f
cos @, - | 08-09=072 0.72 the manufacturer
Iip/ I - 5 5 Sub-clause 13.2.1
Ru/Xm - 0.42 0.42 Sub-clause 11.5.3.5
and Table 11
g - 1.3 1.3 Table 11
SiMm MVA 1.25 6.25 1.39 7.67 S.m = P/ (cos ;)
Zeny Q 2.40 375
Ruv Q 0.376 0.6445 Equations (6) to (¥)
X Q 2.3704 3.694
VAV @ (.0697 0.0208 Equation (34)
Ry Q 0.0270 0.0081 Ry =0.42 Xy
Xm Q 0.0643 0.0192 Xu=09222,

. kA 5.74 11.8 U, =066kV;0.38kV;c=1.05
Zw=Zy- 8 Q 14.51 13.00 Converted to the
R = Ry - 1) Q 5.62 5.00 high-voltage side

M= Xm B Q 13.39 12.00 of the transformer
Ropy + Rur Q 6.00 1.20 5.64 0.991
Xy + Xur Q 15.76 3.152 15.69 2.625
| Zoyy + _Z_M,| Q 16.862 3.372 16.693 2.806
I (2h kA 0.377 1.883 0.381 2.264 |U,=10kV;c= 1.1

This partial short-circuit current has to be considered because its magnitude reaches
approximately 7% of the current [y + fiv = [ = 86.96 kA as calculated before. The sum of the
short-circuit current 2T} reaches:

S0, = I+ Iy ar = 86.96 KA + 6.41 kA = 93.37 kA

Additionally, partial peak short-circuit currents and breaking currents fed from the
asynchronous motors are to be added to the above calculated currents i, and 1. These are
[oM-AT = X U2 Ivoay = 1.7 2 - 6.41 kKA = 15.41 kA with % = 1.7 as a first approach (high-
voltage motors have x = 1.75 or # = 1.65, see Table AVI, low-voltage motor groups are to be
considered with x = 1.3) and Iy a1 = Iim-a7 as a conservative approach. Account has been
taken of the fact that Ii; + Iy a7 18 smaller than Iy = Iyy, so that the breaking capacity fora
circuit breaker between the unit transformer and the generator may be Iy = 42.30 KA. When
calculating i,p-a1 With Method C of Sub-clause 9.1.3.2 taking the impedances of the motors
from Tables AVI and AVII, the factor #, = 1.701 is found and therefore ijy_ar = 15.42 kA;
that is equal to the value given above.
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A3.3.3  Short-circuit at the short-circuit location F3

The initial symmetrical short-circuit current at the short-circuit location F3 can be calculated
from the partial short-circuit currents as shown in Figure A9:

Li=Liar+ D onovy + L tis. 20

Zisi, 1 =[Zg, psul |1 (27, psu +12-_Zomin)] 15
ty teat

F3 Busbar B Busbar C
) y Un=10kV
Kzmi.m7y Kzm+115..20) Zmc l
cUn Ve A N
'3 ZxM1..M7) ZEM+T15...20) Z1M+T.21...26) Z5iMm8..M14)
I

Fic. A9. — Positive-sequence system for the calculation of I} at the short-circuit location F3.

Calculation of Iiat:

(Zarv+ Zeg.) (Zewv + Zuc)
Zawv+Zewv + Zig o+ Zue

Zyar=ZpLy+ = (0.0101 + j 0.2865) @ + (0.0020 + § 0.0573) Q

Ziar = (0.0121 + j 0.3438) Q; Zyar = 0.3440 Q

where:
Zgiy = (0.0101 + j 0.2865) Q = Zy
Zary = (0.000353 + j 0.02205) Q
2
Zeg = (0.00546 + §0.1533) ( —12%5%}1 ) = (0.00137 + j 0.0383) Q
Zyve = Zs s, iy ”ZZ(M+T.21,‘,26) =(0.157+j0.817) Q
v U L1 10kV = (0.649 — j 18.45) KA
MTT T3 Zoar 73 (001214503438 Q L
| Iiar| = 18.46 kA
(IEC page 169)
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Together with I oy vy = (0.894 — j 8.075) kA; (| I%s ot n| = 8-124 KA) and
_{IIQZ(M+T, 15...20) — (0.799 — j 2.118) kA; (I!ﬁz(M+T, 15...20)| = 2.264 kA)

the current I can be calculated:

I} = (0.649 — j 18.45) kA + (0.894 — j 8.075) kA + (0.799 — j 2.118) kA
= (2.342 — ] 28.64) KA

| 13| = 28.74 kA
It follows for the short-circuit power (see Sub-clause 3.6):
w=J3 Uyt =/3 10kV - 28.74 kA = 497.8 MVA
The peak short-circuit current i, can be derived with the following »-factors:

xa1 = 1.02 + 0,98 ¢73001212/038389) = 1 g(
(see Sub-clause 9.1.3.2, Method B: 1.15 - 1.9 > 2.0)

ipam 19.8 kKA

= = = 1.723 (i3 according to Table AVI
Mg (M1...M7) \/—2— T ﬁ S 124 KA (lp3M 1ng a )

s M+T,15..200 = 1.02 + 0.98 6—3 0.991Q12625Q) — 1.34

ip =115 "ATﬁR«AT + %5 (M1 M) \/71'1'(2(M1.,.M7) + Mz v+ T,15...20) ‘/71"1(2(M+T, 15...20)
ipb=2-/2 -1846kA +1.723- /2 - 8.124 KA + 1.34 /2 - 2.264 kA = 76.30 kA

with 1.15 - xo1 = 2 (see Sub-clause 9.1.3.2, Method B) and the ratio R/X of the low-voltage
motors including the transformers 15 to 20 according to Table AVII.

As a medium effective value x is found:

- 76.30 kA
2 /2 <2874 kA

If the short-circuit current [ 51 is transformed to the side A of the auxiliary transformer AT it
becomes obvious, that Iy a1, is already smaller than twice g, so that st = [ia7 is valid (see
Equation (18), far-from generator short circuit).

Iy = Iyar + bz oui..mn) + Ibz(M+T. 15...20)

Lz v vy = ?71 Ui gi Ty = 4.04 KA (see Table AVI)

IbZ(M +T,15...20 =uq IY(Z(M-}-T, 15...20) = 0.77 . 0.342 . 2264 kA = 0.60 kA
with g = 0.77 (¢t = 0.1 s) according to I/l = S (see Sub-clause 13.2.1) and g = 0.342
derived from the conservative estimation that the low-voltage asynchronous motors of the
motor group have rated powers < 0.3 MW and p = 2 (pair of poles).

I, = 18.46 kA + 4.04 kKA + 0.60 kA = 23.10 kA (J,/I} ~ 0.8; tpn = 0.1 5)
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A3.3.4 Short-circuit at the short-circuit iocation F4
I is calculated with the help of Figure A10.

Zrmi.mnt ZX(M4T15..190 Zkat Zp
=(0.134 + j1.243)mQ =(1.92 + j5.043)mQ =(0.0194 + j0.55)mQ ={0.028 + j0.357)mQ

-8 \ -

Busbar B (U, =10 kV)
Zr20v =(1.031 + j5.910)mQ

a0
F4
» Un =380V
Jfm2o
* 105U,
| 13 Zmz0=(81 + {19.2)mQ
W (Table 1)

Fic. A10. — Positive-sequence system for the calculation of / at the short-circuit location F4.

cU, 1.05 - 380 V .
17@20 = = = - = (604 | 3574) kA
- \ 3 (gp + _Z__TZOLV) v 3 (1059 + ] 6267) mg
cU, 1.05- 380 V ,
- V3 ZMQO V3 (81 +) 192) m&

It = I + e = (10.34 — 45.93) kA, | I} | = 47.08 kA
The peak short-circuit current is calculated from:
Iy = IgT20 + Iom20
ipra0 = 115 %5 2 Tiggp with 2, = 1.02 + 0.98 73 (1052 m2ie261mQ) _ 1 6

According to Method B of Sub-clause 9.1.3.2, it is necessary to take 1.15 -, = 1.15- 1.61 =
1.85. In this case for a low-voltage short circuit the maximum for 1.15 5 is limited to 1.8.

ipM20 = %M v 2 Do With 2, = 1.3 according to Table AVII

——

ib=18-y2 -36.25kA + 13,2 -11.06 kA = 112.61 kA
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(When considering the calculation of i, it can be recognized that the impedance of the low-
voltage transformer T20 gives the main part of the impedance Zp + Zro v, so that the ratio
R/ Xty 0f the transformer will determine » for the calculation of ;. From the ratio R/
X106 = 1.031 mQ/5.910 mQ2 = 0.174 the factor » = 1.60 can be determined and therefore for
the whole peak short-circuit current at the short-circuit location F4:

ip=160,2 -36.25kA + 1.3, 2 - 11.06 kA = 102.4 kA)

IEC page 175
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