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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 2: Data of electrical equipment
for short-circuit current calculations

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 60909-2, which is a technical report, has been prepared by IEC technical committee 73:
Short-circuit currents.

This technical report is to be read in conjunction with IEC 60909-0 and IEC 60909-3.

This second edition cancels and replaces the first edition published in 1992. This edition
constitutes a technical revision.

The significant technical changes with respect to the previous edition are as follows:
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— Subclause 2.5 gives equations and examples for the calculation of the positive-, the
negative and the zero-sequence impedances and reduction factors for high-, medium

and low-voltage cables with sheaths and shields earthed at both ends.

— Subclause 2.7 gives equations and figures for the calculation of the positive-sequence

impedances of busbar configurations.

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

Enquiry draft

Report on voting

73/142/DTR

73/145/RVC

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60909, published under the general title Short-circuit currents in
three-phase a.c. systems, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in

the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

Full document details: IEC TR 60909-2 2008

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-tr-60909-2-2008
http://www.avadocuments.com/doc/iec-tr-60909-2-2008

-6 - TR 60909-2 © IEC:2008(E)

SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 2: Data of electrical equipment
for short-circuit current calculations

1 General

1.1 Scope and object

This part of IEC 60909 comprises data of electrical equipment collected from different
countries to be used when necessary for the calculation of short-circuit currents in
accordance with IEC 60909-0.

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 in this report may be
applied for calculating short-circuit currents in low-voltage networks 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 or electricity suppliers. For overhead lines and cables the
electrical data may in some cases also be calculated from the physical dimensions and the
material following the equations given in this report.

Thus this technical report is an addition to IEC 60909-0. It does not, however, change the
basis for the standardized calculation procedure given in IEC 60909-0 and IEC 60909-3.

1.2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

IEC 60909-3:-1, Short-circuit currents in three-phase a.c. systems — Part 3: Currents du-ring
two separate simultaneous line-to-earth short-circuit currents and partial short-circuit currents
flowing through earth

2 Data for electrical equipment

2.1 General

The data presented are necessary for the calculation of short-circuit currents. They are
sometimes presented in the form of curve sheets and sometimes in the form of examples in
tables. In the case of easy equations they are given for the calculations of positive-sequence
and zero-sequence short-circuit impedances for overhead lines and cables.

1 To be published. Documents
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In all, 15 National Committees provided information in response to a questionnaire sent out
before the first edition of this report. Table 1 of the first edition of this report is given in Annex
A.

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

2.2 Data of typical synchronous machines

Characteristic data of synchronous machines are listed in Table 1. The reactances are given
as relative values related to Z,g :UfG/SrG (see IEC 60909-0). Sometimes they are given in
%.

In Figure 1 the sub-transient reactances of synchronous machines (generators, motors and
condensers) in the direct axis of 50 Hz or 60 Hz machines are plotted as a function of the
rated power.

Table 1 — Actual data of typical synchronous generators, motors and condensers

No Ty?e Rated |Rated voltage| Power Relative values of reactances Note | National
a appar. and factor and d.c time constant Commit-
power | deviation b) tee
Sic | Ue | ¥pg |CS%c | Xy | %o | Xa | Yasat | TbC
c) d) e) f) 9)
- MVA kV % - - - - - - s

-

TG2 64 13,8 +5 0,85 0,179 0,170 0,104 | 1,87 1,87 | 0,220 |60 Hz USA

2 | TG2 100 10,5 +5 0,80 0,134 - - 1,77 1,45 | 0,246 |50 Hz | Germany
3| TG2 125 10,5 +5 0,80 0,160 0,180 0,08 | 2,13 1,87 | 0,460 |50 Hz| ex-GDR
4 | TG2 180 10,5 +5 0,90 0,250 0,230 0,14 1,83 1,77 | 0,480 |50 Hz| Austria
5| TG2 353 18,0 +5 0,85 0,167 0,204 0,089 | 2,26 | 2,17 | 0,194 |50 Hz| China
6 | TG2 | 388,9 | 17,5 +5 0,90 0,203 0,202 0,099 | 2,42 | 2,19 | 0,250 |50 Hz | Australia
7 |SG14 48 10 +5 0,90 0,16 0,17 0,05 | 0,78 - 0,16 |50 Hz Italy
8 [SG20| 290 18,0 +5 0,90 0,22 0,22 0,14 1,03 | 0,96 0,36 |60 Hz| Japan
9 | SM2 1,45 10 +5 0,90 0,166 0,166 0,046 | 1,63 - 0,04 |50 Hz|ex-USSR
-10
10| SM3 | 3,40 4,0 +5 0,80 0,249 0,303 - 2,675| 2,675 | 0,116 |60 Hz USA
11]SC10 40 13,8 +5 0 0,119 0,129 - 1,33 1,33 |0,1425|60 Hz USA
12| SC6 100 10,5 +5 0 0,20 0,25 0,095 | 1,78 1,60 0,57 |50 Hz ex-
Czechos-
lovakia
a) TG2: Two-pole turbo generator c) Negative-sequence reactance
SG: Salient pole generator d) Zero-sequence reactance
SM: Synchronous motor e) Unsaturated synchronous reactance
SC: Salient pole synchronous condenser f) Saturated synchronous reactance
g) DC time constant for a three-phase terminal short circuit
b) UG=UrG(1i PG j
100%
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Figure 1 — Subtransient reactance of synchronous machines 50 Hz and 60 Hz
(Turbogenerators, salient pole generators, motors SM and condensers SC)

In Figure 2 the rated voltages and power factors of 50 Hz or 60 Hz synchronous machines
(generators, motors) are plotted as a function of the rated power.

In Figure 3 unsaturated and saturated (x4g,¢/x4) Synchronous reactances for 50 Hz and 60 Hz
turbogenerators, used for the calculation of the steady state short-circuit current, are plotted
as a function of the rated power.

Data are also given for the zero-sequence reactance. It is recommended that the relationship
X/ Xy = 0,5 is used.
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Figure 2 — Rated Voltage U, and rated power factor cosg,g of synchronous machines
(Turbo generators, salient pole generators, motors and condensers 50 Hz and 60 Hz)
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Figure 3 — Unsaturated and saturated synchronous reactance of two-pale
turbo generators 50 Hz and 60 Hz (relative values) ocuments
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2.3 Data of typical two-winding, three-winding and auto-transformers
In Tables 2, 3 and 4 characteristic data of two-winding, three-winding and auto-trans-formers
are listed.
Table 2 — Actual data of typical two-winding transformers
(NT: network; ST: power station)

No | Rated Rated Rated Winding | Side of | y Tap-changer Notes National
appar. voltage short-circuit| connec- | Earth- 2(0) Commit-
power voltage tion ing X(1) tee

symbol
HV LV
St |\ Ugny| Yriv | we | ury o1 | Uy | up_
MVA kV kV % % - - % % %
1 0,63 20 | 04 | 6,0 | 1,2 Dyn5 LV ~1 | +5 off-load NT, 50 Hz, | ex-GDR
3 limb
2 24 33 11 [ 24,2 | 1,12 | YNynO |HV,LV| 0,7 | +10 | 24,1 | 25,3 | NT, 50 Hz, UK
3 limb
3 31,5 | 112 | 22,2 | 12,8 | 0,37 | YNd5 HV ~1 | +18 | 13,9 | 10,5 | NT, 50 Hz |Germany
4 80 121 | 6,3 [ 10,5 | - YNd5 HV | 0,71 |2x25| - - NT, 50 Hz, | Bulgaria
3 limb
50 | 500 | 400 | 132 | 26,1 | 0,30 | YNynd5 |HV, LV | =16 | +I3 NT, 50 Hz | Denmark
6 20 138 | 13,2 (10,58 0,49 | Dyn1 LV 0,93 | +2,5 ST, 60 Hz, USA
-7,5 3 limb
7 25 132 | 6,3 | 10,5 YNd11 HV 1,0 ST, 59 Hz, | Hungary
3 limb
8 180 110 | 10,5 | 12,0 |0,221| Yd11 0,78 | +12 ST, 50 Hz | Austria
9 390 | 350 | 23,0 {15,92(0,554 | YNd1 HV 1,0 | +10 | 16,7 | 15,5 | ST, 50 Hz, | Australia
-15 3 limb

10 | 780 | 230 | 21,0 | 153 | 0,2 YNd5 HV ~08 | +15 | 16,7 | 14,3 | ST, 50 Hz |Germany

a) Two-winding transformer with an auxiliary winding in delta-connection (see Table 3).
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Table 3 — Actual data of typical three-winding transformers

No Rated apparent Rated Rated short-circuit | Winding Zero-sequence Note | National
powers voltages voltages connection| reactances related Commit-
symbol to side A tee
Strag | Srtac | Siree | Ura| Urs | Urte | ueaB | Ukrac| UkiBC Xoa| X8| X0/
MVA | MVA | MVA | kV | KV | KV | % % % |HVMVLV | ¢ Q Q
1 7,5 7,5 7,5 |34,5/13,8(13,8| 3,65 | 3,58 | 7,96 | YN d1 d1 - - - |60 Hz USA
3 limb
2 25 16 16 |120| 22 | 11 | 11,0 | 14,5 | 3,5 [YNyn0d11| 99,0 - 3,15 |50 Hz | Hungary
3 limb
3 |31,5]| 315|315 (110(38,5|6,3 | 10,5 | 17,5 | 6,5 |[YNynOd11| 6,13 | 17,23 |18,24 “ China
4 94 94 94 239|130 (13,8|11,79 (11,31 (12,44 |YN yn0 d11|32,39|39,23 | 36,31 “ Italy
5 | 125 42 42 |1230| 63 | 20 | 11,7 | 10,6 | 5,9 [YNynOd11|124,6 - 5,74 |50 Hz | ex-GDR
5 limb
6 | 600 | 150 | 150 [400|230| 30 | 17,5 | 16,5 | 11,3 | YNyn0Od5 | 50,5 | -3,8 |125,3 “ Austria

For the transformer No. 6 in Table 3 the following Figure 4 gives additional information. The
low-voltage winding C (30 kV) is laying near the iron core, the medium-voltage winding B
(230 kV) between the windings A and C. The high-voltage winding A has a main part and an
additional tap winding connected to the on-load tap changer (see b in Figure 4) near the star
point at the high-voltage side of the transformer.

The reactances X,, Xg, X; in the positive-sequence system can be calculated from the short-
circuit voltages given in Table 3. Related to the high-voltage side A (Up = 400 kV) the

results are: X, = 51,1Q, Xg = — 4,4Q and Xz = 124,93 Q without impedance correction
factors (see IEC 60909-0). The value X has a small negative value similar to Xq)g given in
Table 3.

If only the star point at the high-voltage side is earthed then Xg)1 = X(g)a *+ X(g)c shall be
used. If, on the other side, only the star point at the medium-voltage side is earthed, then
X0)T = X(0)B * X(0)c is valid related to the high-voltage side or related to the medium-voltage

side: X o)1= (X(0)8 + X(0)c) % (230 kV)? /(400 kV)?.
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Figure 4 — Three-winding transformer (No. 6 of Table 3).

Table 4 — Actual data of typical autotransformers with and without tertiary winding

Full document details: IEC TR 60909-2 2008

No. Rated apparent Rated voltages Rated short-circuit | Winding Zero-sequence National
powers voltages connection| reactances related | Commit-
symbol to side A tee
Setag | Setac | Setee | Urta | Urts | Urre | Ukeas | Yirac | YieBe Xoa | Xor | o)
MVA | MVA | MVA kV kV kV % % % |HVYMVLV | @ Q Q
1 60 60 10 132 66 11 11,0 | 27,5 | 79,0 | YynOd1 | 61,6 | 4,19 | 1050 | Australia
2 | 200 | 200 100 230 | 121 6,6 | 11,0 | 32,0 | 20,0 |Y autod11 | 30,4 0 54,2 | ex-USSR
38,5
3 | 250 75 75 400 | 132 18 146 (12,2 | 71 |YNyn0Od11|10,11|-7,71 | 159,1 | Hungary
4 | 250 | 100 100 400 | 121 10 12,9 [ 13,1 | 6,3 | YNynOd1 | 95,7 |-13,1 [113,9 ex-
Czechos
lovakia.
5 | 660 | 198 198 400 | 231 30 10,2 | 13,5 | 10,6 d5% |24,35| 0,35 | 84,65 | Germany
6 | 250 | 250 - 230 | 130 - 11,6 - - YNynO |[24,55| - - Italy
7 | 300 | 300 - 235 | 165 - 7,0 - - YN ynO 13,0 - - Denmark
a)Three separate poles.
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In Figure 5 the rated short-circuit voltage is plotted as a function of the rated apparent power
of unit transformers (ST) in power stations with or without on-load tap-changer. An average
value for the rated short-circuit voltage is given by:
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Figure 5 — Rated short-circuit voltage u, of unit transformers
in power stations (ST) with or without on-load tap-changer

From Figure 5 it can be seen that the following average values for 1, may be used:

Sir=1 ... 10MVA: u,= 9%
S;r=10 ... 100 MVA: .= 11%
Spr=100...1000 MVA: u, = 13 %

In Figure 6 the rated short-circuit voltage of network transformers (NT) is plotted as a function
of the rated power. For low-voltage transformers u,. = 4 % and 6 % are commonly used.

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