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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL EQUIPMENT - DATA FOR SHORT-CIRCUIT
CURRENT CALCULATIONS
IN ACCORDANCE WITH IEC 909 (1988)

FOREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on which all
the National Commitiees baving a special interest therein are represenied, express, as nearly as possible, an
international consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for intemational vse and they are accepted by the National Commitices in
that sense.

3} In order to promote intemational unification, the JEC expresses the wish that all Nasional Committees should adopt
the text of the 1EC recommendation for their national rules in so far as national conditions will permit. Any
divergence between the JEC recommendation and the corresponding national rules should. as far as possible, be
clearly indicated in the latter

This Technical Report has been prepared by IEC Technical Commiuee No. 73: Short-
circuit currents.

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

Ccb Repor on Voting

T3(SEC)39 T3(SECHE

Full information on the voting for the approval of this report can be found in the Voting
Report indicated in the above table.

This report is a Technical Report of type 3 and is of a purely informative nature. It is not
to be regarded as an Internationa! Standard.
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ELECTRICAL EQUIPMENT -- DATA FOR SHORT-CIRCUIT
CURRENT CALCULATIONS
IN ACCORDANCE WITH IEC 909 (1988)

SECTION 1: GENERAL

1.1 Scope and object

This Technical Report comprises data collected from different countries to be used when
necessary for calculating short-circuit currents in accordance with IEC 781 and IEC 909.

Generally, electrical equipment data are given by the manufacturers on the name plate or
by the electricity supplier. In some cases, however, the data may not be available. The
data presented in this report may be applied for calculating short-circuit currents in
low-voltage systems if they are in accordance with typical equipment employed in the
user's country. The collected data and their evaluation may be used for medium or high
voltage planning purposes and also for comparison with data given by manufacturers. For
overhead lines the electrical data may be calculated from the physical dimensions.

1.2 Reference documents

IEC 38: 1983, IEC standard voltages.
IEC 50, International Electrotechnical Vocabulary (IEV).

IEC 781: 1989, Application guide for calculation of short-circuit currents in low-voliage
radial systems.

TEC 909: 1988, Short-circuit current calculation in three-phase a.c. systems.

SECTION 2: DATA FOR ELECTRICAL EQUIPMENT

2.1 General

The data presented are necessary for the calculation of short-circuit currents. in general
data are presented in the form of curve sheets. For each type of equipment a table is
presented, giving data as examples and explanatory notes and additional comments on the
supplied data. In all 15 National Committees gave information. Information received is
listed in table 1.

In some cases, average values or characteristic trends as function of rated power, rated
voltage, etc. are given.



.

Table 1 — Information received from National Committees

Number of answers to questionnaire tables

National
Committes

1 2 3 4 5 6 ¥

Austealia 3 3 3 3 3 3 3
Austria 10 11 4 1 g 7 o
Bulgada 4 15 6 6 14 11 28
China 3 3 3 3 3 3 3
Czechoslovakia 8 5 — 3 9 5 68
Denmark 8 I8 i 2 3 15 —
ex-GDR 23 28 9 & 8 — 20
Germany 21 26 2 2 59 3% 19
Hungary 7 16 3 5 9 8 by
Italy 25 16 4 [ 26 9 11
Japan 12 10 7 7 7 9 3
Norway 9 10 4 3 9 8 10
UK — 11 1 5 — — —_—
UsA 110 i0 1 — —_— 10 20
ex-USSR 12 6 3 5 4 S 10
255 188 51 57 113 101 204

D Additional data for low and medium voltage overhead lines.

2) Additional data for low voliage cables.
3) Data for busbars.

2.2 Data on typical synchronous machines

Characteristic data for synchronous machines are listed in table 2.

909-2 ©® IEC

In figure 1 the subtransient reactance of 50 Hz and 60 Hz synchronous turbogenerators,
motors, condensers and salient pole generators is plotted as a function of the rated power.

In figure 2 the rated voltage and power factor of 50 Hz and 60 Hz synchronous turbo-
generators, salient pole generators and motors are plotted as a function of the rated power.

In figure 3 the unsatured and satured reactances for 50 Hz and 60 Hz turbogenerators are
plotted as a function of the rated power.

Data are also given for the zero-sequence reactance. It is recommended that the relation-
ship X ,/X’y = 0.5 be used.
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2.3 Data on typical transformers, two-winding, three-winding and auto-transformers

In figure 4 the rated short-circuit voltage is plotted as a function of the rated power for
power station generator transformers with or without tap-changer.
An average value for the rated short-circuit voltage is given by
U, =8+0921nS,
where S is the rated power in MVA. (Values of S.r lie between 3 MVA and 1 000 MVA.)

From the curve sheet it can be seen that the following average values for u,, may be used:

S 1 - 10 MVA: u = 9%

Ser 10 - 100 MVA: u, =11%

S,r 100 - 1000 MVA: u, =13 %
In figure 5 the rated short-circuit voltage of network transformers is plotted as a function
of the rated power. For low-voltage transformers 4 % and 6 % are commonly used.

Excluding auto-transformers, the following average values may be used:

St 1 - 100 MVA: u, ~12%
Sy 100 - 1000 MVA: u_ =14 %

In general u,_values for auto-transformers are lower.

The u,, for network transformers in the UK is, on average, twice as large as those reported
from other countries.

X
The relationship 9 for two- and three-winding network transformers is as follows:
n
For YN d-transformers: 0,8-1,0
For Y zn-transformers: 0,1

For YN yn0 d-transformers: 1,5-3,2

In tables 3A, 3B and 3C, characteristic data for two-winding, three-winding and auto-
transformers are listed.
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2.4 Data on typical overhead lines, single and double circuits

The positive-sequence impedance may be calculated from conductor data such as cross
section and conductor centre-distances (see IEC 909).

The effective resistance per unit length is:

.

R = g
where
g is the cross section
p is the resistivity

2 2
i Qmm , 1 £ mm ..
= —— ———— forcopperand p = — ———— for aluminium
P*34 n PP P34 "m

The positive~sequence reactance may be calculated from line data.

For single conductor lines equation (1) is valid (see figure 6):

’ (D;J.O d
X(I)Lﬂ “—2—;{“—— (0,25 + In ";'-) (I)

3 ,
d= \/ dLlLZ ~dy 13 aJTLm_3 and r = conductor radius

For bundle conductor lines equation (2) is valid (see figure 7):

O 0,25 d
D 0 2r Xy = = (20 4 £ )
% (L r ( n ry (2)

n -
rand d as above, rg = \/ nr- R*' 1= number of conductors.

R is the radius in the circle on which the conductors are placed, see figure above.

The zero-sequence impedances are referred to an earth resistivity of p = 100 Qm and there-
fore to an equivalent depth of current return of 8 = 930 m (50 Hz) or & = 850 m (60 Hz).

For single circuit (I} lines without earth wire:

Z’I -—-_E_ +3w.....i..+.g. _{..J(l)m&g .....1....... _..__..__8_____. (3)

)  ng, 8 2% 4n 3 /rde
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For single circuit (I} lines with one earth wire (D):

D I Z'
o= 20 7y O
i

Wi Zp= Ry 00 +jo 2 | 52 vin 2

D

’ lio : “0 5

Z =W e+ JO e 1D
“w=0 g T Y T

3
dpip = \/ diyp - diap dLap

Kp depends on material and structure of the earth wire.

For single circuit (I} lines with two earth wires (D1, D2):

,2 _ 1 Zipim:
(0 @ Zpip2 ©

R H

with Z'p,p, = mi_g ‘o f“;o +jmw§; SD +lnm...§.,._..
roipip2

, Ho . Mg 5
Zipipz =@ = +JO o= In
= LDiD2 8 . 2 dipipz

_ 6
dnipip2 = \/dmm dyap1 dyapy duip 9ap2 L3

For double circuit (11} lines with one earth wire (D), zero-sequence impedance per circuit
(with both circuits in parallel} is:

z'}
IID " . £ LD
‘ = Z kYA 6
Yo~ fo 2w’ 7, ©
. . Ho . Hg )
wnthMz{o——g— +}m—5;ln A

3
dleMl - \/DLEMl ’ DLZM2 ! DL.BMB

3
dmL.IMZ = \/DL!MZ ) DLBMI ’ DLZMB

3
o 2 »
diy= \/ dorivz * mLim
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For double circuit (II) lines with two earth wires (D1, D2), zero-sequence impedance per
circuit (with both circuits in parallel) is:

’2

Z
Z’ I(i)r;lDZ = Zf (é) + 3 ZILM _ 6 —}.DIDZ (7)
Z biD2

for Z'1 w0 Z'1 p1p2 £ p1np S€€ above equations (5) and (6).

In case of multiple lines the coupling of the zero-sequence impedances between the
different conductors must be considered.

In table 4 characteristic data for overhead lines are given. For type of line and number of
circuits, see figure 8.
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2.5 Data on typical low- and high-voltage cables

The impedances of low- and high-voltage cables depend on national techniques and
standards and may be taken from textbooks or the manufacturer's data.

The positive-sequence resistance value for high-voltage cables may, as a first approxi-
mation, be calculated according to formula R’; = p/qnz(see clause 2.4). This also applies
for low-voltage Cu cables with cross sections 4 mm? to 240 mm? and low-voltage Al
cables 16 mm? to 300 mm?>,

The positive-sequence reactances for low-voltage cables according to German Standards
are shown in figure 9 for four, three and a half and three conductor cables of the following

types:

Type A: Cable with copper (aluminium) conductors, insulation of thermoplastic material
based on PVC and a protective covering in the form of a sheath of thermoplastic
material based on PVC [N(A)YY].

Type B: Cable with copper (aluminium) conductors, insulation of thermoplastic material
based on PVC, concentric copper conductor, helically applied, and a protective
covering in the form of a sheat of thermoplastic material based on PVC
[N(AYYCWY].

Type C: Belted cable with copper (aluminium) conductors, a mass-impregnated paper
insulation for conductors (and belt), a smooth extruded aluminium sheath,
protective covering with an embedded layer (e.g. lapped) of elastomer tape or
plastic film and a sheath of thermoplastic material based on PVC [N(A)KLEY].

Type D: Cable with copper (aluminium) conductors, a mass-impregnated paper insulation
for conductors (and belt), lead sheat with steel tape armouring and an ouler
serving of fibrous material {N(A)KBA].

In figure 10 the positive-sequence reactance is plotted for medium-voltage cables (IEC 38)
of the non-radial and radial field types with three conductors.

For high-voltage cables (>36 kV), the positive-sequence reactance varies with design,
laying, cross section and voltage. Data received indicate a variation from 0,1 to
0,19 Q/km. The ratio X0yX(1y also varies depending on the design and the current return.
The X 4/X,, variation for cables without metallic sheath and without earth return is 0,3 to
0,8 and for cables with metallic sheath and earth return 0,25 to 3,7.

Figures 11 and 12 give a general survey of the positive-sequence reactance Xy and the
mtiorf f-e(o)/R(,) and X /X, for low-voltage cables (type A, B, C, D, with copper (figure 11) and
aluminium (figure 12) conductors).
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The different return circuits are:

return circuit by fourth conductor;

a

b: return circuit by fourth conductor and sheath;

¢: return circuit by fourth conductor and earth (100 Qm);
d

: return circuit by fourth conductor, sheat and earth (100 Qm).

Special values depending on ¢, are given in the figures 13 to 20. The cables are according
to German standards.

In table 5 characteristic data of 50 Hz cables are given.
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2.6 Data on typical asynchronous motors

The ratio locked rotor current to rated current g/l is different for low- and medium-
voltage motors. For low-voltage motors the average value is approximately 6,7 in the
range 2 kW to 300 kW per pair of poles. The average value for medium-voltage motors is
approximately 5,5 in the range 30 kW to 6 MW per pair of poles.

In figure 21 the ratio [; o/ ,, is plotted as a function of the active power per pair of poles.
The product of power factor and rated efficiency (cosg,,, - m,) is plotted as a function of
the active power per pair of poles (P,,/p) in figure 22,

In table 6 actual data of asynchronous motors are given.

2.7 Busbars

Actual data of low-voltage distribution busbars 50 Hz are given in table 7.
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Figure 13 - Low-voltage cables 0.6/1 kV, type A, with four conductors
Cu or Al (Germany), R(O)/R(l)‘ X(e)/X(i)



909-2 @ IEC - 37 -

20
¥ !
18 :
\
16 : \
: i
Ry 1 \ ?
R(i) ! \ l
14 L1y
T
X v Rio)
X \ Ry
12 ) X0
' \ Xy
! 8
0 TN
A
R
8 A
\
\/F‘M \ \ 2 R
“+« | ™ fo
6 At /Rm
4 \
F\\::.b--r::f_.‘ 1 z X(@)
[ o i, - S G L_.W’/r""-.—-m(““‘“—_*-—ﬁ_-:—:“mﬁﬁ a\ --m----x
) /} m
v |
2 :
|
o |
o 30 M 95 10 10 18 2% 30
1616 25 25 50 70 10 95 120 150
Cross-section g -
IEC 79092

t Rewm circuit by founh conductor
c:  Rerum circuit by founh conductor and earth

Figure 14 - Low-voltage cables 0,6/1 kV, type A, with three and a half
copper conductors (Germany), R /Ry, Xoy/X 4,



— 38~

10
R
; Ai,d__...;;\ Ry
X
Sui )
'
Roy o3 \ £y
Ry \
n\ o: Cu| x: Al
Yo ®1x. M\
T == |\%
i ]
{ X, \\
HERAY
4 <\ —Cub R,
N\ N = P~ Cu,d} R
> e ' 1)
})-...ﬁ W:Al‘bg ?(0)
) e — | ARy
Cu, b X, s ) e, oy L i h‘{szm o
i iA.I b ——gh-m:(mwc_,,,oaf—- -...](\ Al d f X(O)
AlLb T
| (1)
0 . |
o 25355 70 95 10 150 185 240 i
61625 25 50 70 70 95 120 Concentric conductor
IEC 79182
b:  Return circuit by fourth conductor and concentsic conductor,
d:

Return circuit by fourth conductor, concentric conductor and earth.

Figure 15 - Low-voltage cables 0,6/1 kV, type B, with four conductors Cu
or Al and a concentric conductor Cu (Germany), R(O)/Rm, X(U)/X(,)

509-2 © IEC



909-2 © [EC ~39-

12
Rioy
Cu.c— Ry
10 * _fw
Mﬁc“"‘x\ Xy
Reoy W
R(” \\ o:Cu|x:Al
Bw
X0
X
m
o Q\
64 X \
() W
A
4 §\ _—Cu,a
e ,—)ﬁf-\:\ T~cCue R0y
&) .
T
LT T St T ae
2
Cu 2 —¥ T R TR T T e 8
t/
Al a
) : !
o 3550 70 95 120 150 185 G2
3550 M 95 120 150 185 Concentric conductor
Cross-section ¢, ———tw—
iEC 7921902

a:  Retum circuit by concentrnic conducior.
Returmn circuit by concentric conductor and earth

Figure 16 - Low-voltage cables 0,6/1 kV, type B, with three conductors Cu
or Al and a concentric conductor Cu {Germany), R(O)/Rm, X(o)/X(x)-
The concentric conductor has the same cross-section
as the main conductor
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a: Return circuit by concentric conductor,

¢:  Return circuit by concentric conductor and carth.

Figure 17 - Low-voltage cables 0,6/1 kV, type B, with three conductors Cu

or Al and a concentric conductor Cu (Germany), R(O)/R(l), X(O)/th

The concentric conductor has half the cross-section of the main
conducior
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a:  Retum circuit by sheath
c: Retum circuit by sheath and eanh

Figure 18 - Low-voliage cables 0,6/1 kV, type C, with three conductors Cu
or Al and an aluminium sheath (Germany), RofRay XX 1y
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Figure 19 - Low-voltage cables 0,6/1 kV, type D, with four conductors Cu
or Al and a lead sheath with steel armouring (Germany),
RoyRay X0y X )
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Figure 20 - Low-voltage cables 0.6/1 kV, type D, with three and a half
conductors Cu or Al and a lead sheath with steel armouring
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