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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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113 INTERNATIONAL ELECTROTECHNICAL COMMISSION

114 -

115

116 SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS

17

118 Part 0: Calculation of currents

119

120 FOREWORD

121 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
122 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
123 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
124 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
125 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
126 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
127 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
128 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
129 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
130 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
131 consensus of opinion on the relevant subjects since each technical committee has representation from all
132 interested IEC National Committees.

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

137 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
138 transparently to the maximum extent possible in their national and regional publications. Any divergence between
139 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
140 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
141 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
142 services carried out by independent certification bodies.

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

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

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

151 9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
152 patent(s). [IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
153 respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
154 may be required to implement this document. However, implementers are cautioned that this may not represent
155 the latest information, which may be obtained from the patent database available at https://patents.iec.ch and/or
156 www.iso.org/patents. IEC shall not be held responsible for identifying any or all such patent rights.

157 10) Main aim of the |EC 60909-( standard is calculation of maximum and minimum short-circuit currents of bolted
158 short circuits (see 5.2.4). Calculation results may serve as input for further evaluations such as calculation of
159 arcing current as described in e.g. IEEE 1584.

160 International Standard |[EC 60909-0 has been prepared by IEC technical committee 73: Short-
161 circuit currents. It is an International Standard.

162  This third edition cancels and replaces the second edition published in 2016. This edition
163 constitutes a technical revision.

164 This edition includes the following significant technical changes with respect to the previous
165 edition:

166  a) Restructuring and complementing of the chapters, especially restructuring and updating of

167 chapter 6.
168 b) Restructuring of subscripts Documents
169
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170 The text of this International standard is based on the following documents:

Cbv Report on voting
73/xxx/CDV 73/xxx/RVC

171
172 Full information on the voting for the approval of this International standard can be found in the
173 report on voting indicated in the above table.

174 The language used for the development of this International standard is English

175 This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
176 ~ accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
177  at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
178 described in greater detail at www.iec.ch/publications.

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

181 This part of IEC 60909 is to be read in conjunction with the following International Standards
182 and Technical Reports:

183 — |IEC TR 60909-1:2002, Short-circuit currents in three-phase a.c. systems — Part 1: Factors
184 for the calculation of short-circuit currents according to JEC 60909-0

185 — |IEC TR 60909-2:2008, Short-circuit currents in three-phase a.c. systems — Part 2: Data of
186 electrical equipment for short-circuit current calculations

187 — |EC 60909-3:2009, Short-circuit currents in three-phase a.c. systems — Part 3: Currents
188 during two separate simultaneous line-to-earth short circuits and partial short-circuit
189 currents flowing through earth

190 — IEC TR 60909-4:2021, Short-circuit currents in three-phase a.c. systems — Part 4: Examples
191 for the calculation of short-circuit currents

192 The committee has decided that the contents of this document will remain unchanged until the
193  stability date indicated on the |IEC website under webstore.iec.ch in the data related to the
194 specific document. At this date, the document will be

195 e reconfirmed,
196 e withdrawn,
197 e replaced by a revised edition, or

198 e amended.

199

200
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201 SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS
202

203 Part 0: Calculation of currents

204

205

206

207 1 Scope

208  This part of IEC 60909 is applicable to the calculation of short-circuit currents

209 e in low-voltage three-phase AC systems, and
210 e in high-voltage three-phase AC systems,

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

212 Systems at highest voltages of 550 kV and above with long transmission lines need special
213 consideration.

214 This part of IEC 60909 establishes a general, practicable and concise procedure leading to
215 results which are generally of acceptable accuracy. For this calculation method, an equivalent
216 voltage source at the short-circuit location is introduced. This does not exclude the use of
217 special methods, for example the superposition method, adjusted to particular circumstances,
218 if they give at least the same precision. The superposition method gives the short-circuit current
219 related to the one load flow presupposed. This method, therefore, does not necessarily lead to
220 the maximum resp. minimum short-circuit current.

221 This part of IEC 60909 deals with the calculation of short-circuit currents in the case of balanced
222 or unbalanced short circuits.

223 A single line-to-earth fault occurring in networks with isolated or resonant earthing of the neutral
224 point is beyond the scope of this part of IEC 60909.

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

227 Short-circuit currents and short-circuit impedances may also be determined by system tests, by
228 measurement on a network analyser, or numerical simulations with electromagnetic programs.
229  In existing low-voltage systems it is possible to determine the short-circuit impedance on the
230 basis of measurements at the location of the prospective short circuit considered.

231 The calculation of the short-circuit impedance is in general based on the rated data of the
232 electrical equipment and the topological arrangement of the system and has the advantage of
233 being possible both for existing systems and for systems at the planning stage.

234 In general, two types of short-circuit currents, which differ in their magnitude, are considered:

235 e the maximum short-circuit current which determines the capacity or rating of electrical

236 equipment; and

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

239 NOTE The current in a three-phase short circuit is assumed to be made simultaneously in all poles. Investigations
240 of non-simultaneous short circuits, which may lead to higher aperiodic components of short-circuit currents, are

241 beyond the scope of this part of IEC 60909.

242 This part of IEC 60909 does not cover short-circuit currents deliberately cre
243 controlled conditions (short-circuit testing stations). ﬁegcuﬂ?ﬁents
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244 This part of IEC 60909 does not deal with the calculation of short-circuit currents in installations
245 on board ships and aeroplanes.

246 2 Normative references

247 The following documents, in whole or in part, are normatively referenced in this document and
248 are indispensable for its application. For dated references, only the edition cited applies. For
249 undated references, the latest edition of the referenced document (including any amendments)
250 applies.

251 IEC 60038:2009, IEC standard voltages

252 IEC 60050-131, International Electrotechnical Vocabulary — Part 131: Circuit theory (available
253  at: www.electropedia.org)

254 IEC TR 60909-1:2002, Short-circuit currents in three-phase a.c. systems — Part 1: Factors for
255 the calculation of short-circuit currents according to |[EC 60909-0

256 IEC TR 60909-2:2008, Short-circuit currents in three-phase a.c. systems — Data of electrical
257 equipment for short-circuit current calculations

258  |EC 60909-3:2009, Short-circuit currents in three-phase a.c. systems — Part 3: Currents during
259 two separate simultaneous line-to-earth short circuits and partial short-circuit currents flowing
260 through earth

261 IEC TR 60909-4:2021, Short-circuit currents in three-phase a.c. systems — Part 4: Examples
262 for the calculation of short-circuit currents

263 3 Terms and definitions

264 For the purposes of this document, the terms and definitions given in IEC 60050-131 and the
265  following apply.

266 ISO and IEC maintain terminology databases for use in standardization at the following
267  addresses:

268 * |[EC Electropedia: available at https://www.electropedia.org/
269 * ISO Online browsing platform: available at https://www.iso.org/obp

270 3.1

271 short circuit

272 accidental or intentional conductive path between two or more conductive parts (e.g. three-
273 phase short circuit) forcing the electric potential differences between these conductive parts to
274 be equal or close to zero

275 [SOURCE: IEV 151-12-04 modified - (e.g. three-phase short circuit) added]

276
277 3.1.1
278 line-to-line short circuit, two-phase short circuit

279 accidental or intentional conductive path between two line conductors with or without earth
280 connection
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281 3.1.2

282 line-to-earth short circuit, single-phase short circuit

283  accidental or intentional conductive path in a solidly earthed neutral system or an impedance
284  earthed neutral system between a line conductor and local earth

285 3.2
286 short-circuit current
287 over-current resulting from a short circuit in an electric system

288 Note 1 to entry: It is necessary to distinguish between the short-circuit current at the short-circuit location and
289 partial short-circuit currents in the network branches (see Figure 2) at any point of the network.
290 3.3

291 prospective short-circuit current
292  current that would flow if the short circuit were replaced by an ideal connection of negligible
293  impedance without any change of the supply

294 Note 1 to entry: The current in a three-phase short circuit is assumed to be made simultaneously in all poles.
295 Investigations of non-simultaneous short circuits, which may lead to higher aperiodic components of short-circuit
296 current, are beyond the scope of this part of IEC 60909.

297 3.4

298 symmetrical short-circuit current

299 rms value of the AC symmetrical component of a prospective short-circuit current (see 3.3), the
300 aperiodic component of current, if any, being neglected

301 3.4.1
302 initial symmetrical short-circuit current
303 112

304 rms value of the total AC symmetrical components of a prospective short-circuit current (see
305 3.3), applicable at the instant of short circuit if the impedance remains at zero-time value

306 Note 1 to entry: see Figure 1

307 Note 2 to entry: The total initial short-circuit current is the sum of the short-circuit currents, caused by voltage and
308 current sources (see 3.4.2 and 3.4.3).

309 3.4.2
310 initial symmetrical short-circuit current (voltage source)
11 Lys

312 rms value of the AC symmetrical components of a prospective short-circuit current (see 3.3),
313 caused by a voltage source, applicable at the instant of short circuit if the impedance remains
314 at zero-time value

315 3.4.3
316 initial symmetrical short-circuit current (current source)

318 rms value of the AC symmetrical components of a prospective short-circuit current (see 3.3),
319 caused by a current source, applicable at the instant of short circuit if the impedance remains
320 at zero-time value

321 3.5
322  initial symmetrical short-circuit power
323 Sk

324 fictitious value determined as a product of the initial symmetrical short-circuit current [|: (see

325  3.4.1), the nominal system voltage U, (see 3.12) and the factor \/5: S; = \/§-Un Ik
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326 Note 1 to entry: The initial symmetrical short-circuit power S; is not used for the calculation procedure in this part
327 of IEC 60909.

328 3.6
329 decaying (aperiodic) component of short-circuit current or DC component
330 iDC

331 mean value between the top and bottom envelope of a short-circuit current decaying from an
332 initial value to zero according to Figure 1

333 3.7
334 peak short-circuit current
335 I

336 maximum possible instantaneous value of the prospective short-circuit current

337 Note 1 to entry: see Figure 1

338 Note 2 to entry: Sequential short circuits are not considered.
339 3.8

340 symmetrical short-circuit breaking current

341 Iy

342 rms value of an integral cycle of the symmetrical AC component of the prospective short-circuit
343  current at the instant of contact separation of the first pole to open of a switching device

344 3.9
345 steady-state short-circuit current
346 I

347 rms value of the short-circuit current which remains after the decay of the transient phenomena

348 Note 1 to entry: see Figure 1

349  3.10
350 symmetrical locked-rotor current
351 ILR

352  symmetrical rms current of an asynchronous machine with locked rotor fed with rated voltage
353 U, at rated frequency

354 3.1
355  equivalent electric circuit
356 model to describe the behaviour of a circuit by means of a network of ideal elements

357 3.12
358 nominal system voltage
359 U,

360 voltage (line-to-line) by which a system is designated, and to which certain operating
361 characteristics are referred

362 Note 1 to entry: Values are given in IEC 60038.

363 3.13
364  equivalent voltage source
365  cUj, I3

366  voltage of an ideal source applied at the short-circuit location for calculating the short-circuit
367  current according to 5.2.2

368 Note 1 to entry: This is the only active voltage of the network. Documents
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369 3.14
370  voltage factor
371 c

372 ratio between the equivalent voltage source and the nominal system voltage U, divided by V3

373 Note 1 to entry: The values are given in Table 1.

374 Note 2 to entry: The introduction of a voltage factor c is necessary for various reasons. These are: voltage variations
375 depending on time and place, changing of transformer taps, neglecting loads and capacitances by calculations
376 according to 5.2.4, the subtransient behaviour of generators and motors.

377 3.15

378  far-from-generator short circuit
379  short circuit during which the magnitude of the symmetrical AC component of the prospective
380 short-circuit current remains essentially constant

381 Note 1 to entry: see Figure 1a

382 3.16

383 near-to-generator short circuit

384 short circuit during which the magnitude of the symmetrical AC component of the prospective
385 short-circuit current decreases

386 Note 1 to entry: see Figure 1b

387 Note 2 to entry: A near-to-generator short circuit can be assumed if at least one synchronous machine contributes
388 a prospective initial symmetrical short-circuit current which is more than twice the machine's rated current, or a short
389 circuit to which asynchronous motors contribute more than 5 % of the initial symmetrical short-circuit current without
390 motors.

391 3.17

392  short-circuit impedances at the short-circuit location F

393 3.171

394 positive-sequence short-circuit impedance

395 2(1)

396 <three-phase AC system> impedance of the positive-sequence system as viewed from the
397 short-circuit location

398 Note 1 to entry: See 5.2.5.

399 3.17.2
400 short-circuit impedance
401 Zy

402 <three-phase AC system> abbreviated expression for the positive-sequence short-circuit
403 impedance Z(1) according to 3.17.1 for the calculation of three-phase short-circuit currents

404  3.17.3
405 negative-sequence short-circuit impedance
406 Z(Z)

407 <three-phase AC system> impedance of the negative-sequence system as viewed from the
408 short-circuit location

409 Note 1 to entry: See 5.2.5.

410 3.17.4
411 zero-sequence short-circuit impedance
412 Z(O)

413 <three-phase AC system> impedance of the zero-sequence system as viewed from the short-
414 circuit location
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Note 1 to entry: It includes three times the neutral-to-earth impedance Z..

3.18
impedances of electrical equipment

3.18.1
positive-sequence impedance

Z
=(1)
<electrical equipment> ratio of the line-to-neutral voltage to the short-circuit current of the

corresponding line conductor of electrical equipment when fed by a symmetrical positive-
sequence system of voltages

Note 1 to entry: See Clause 6 and IEC TR 60909-4.

Note 2 to entry: The index of symbol Zy, may be omitted if there is no possibility of confusion with the negative-

sequence and the zero-sequence impedances.

3.18.2

negative-sequence impedance

Z(2)

<electrical equipment> ratio of the line-to-neutral voltage to the short-circuit current of the

corresponding line conductor of electrical equipment when fed by a symmetrical negative-
sequence system of voltages

Note 1 to entry: See Clause 6 and IEC TR 60909-4.

3.18.3

zero-sequence impedance

Z(0)

<electrical equipment> ratio of the line-to-earth voltage to the short-circuit current of one line

conductor of electrical equipment when fed by an AC voltage source, if the three paralleled line
conductors are used for the outgoing current and a fourth line and/or earth as a joint return

Note 1 to entry: See Clause 6 and IEC TR 60909-4.

3.19
subtransient reactance

Xg
effective reactance of a synchronous machine at the moment of short circuit

Note 1 to entry: For the calculation of short-circuit currents the saturated value of X; is taken.

3.20
minimum time delay

Imin
shortest time between the beginning of the short-circuit current and the contact separation of
the first pole to open of the switching device

Note 1to entry: Thetime¢ , isthe sum of the shortest possible operating time of a protective relay and the shortest
opening time of a circuit-breaker. It does not take into account adjustable time delays of tripping devices.

3.21
thermal equivalent short-circuit current

Ith
the rms value of a current having the same thermal effect and the same duration as the actual
short-circuit current, which may contain a DC component and may subside in time
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458  3.22

459  Short-circuit current (current source) of full size converters
460  3.22.1

461 source current for three phase short circuits

462 Ipe

463 <source current, three phase> rms value of the source current of a power station unit with full
464 size converter and current regulation in case of three-phase short circuit at the high-voltage
465  side of the step-up transformer

466 3.22.2
467 source current for line-to-line short circuits
468 (1P

469 <source current, two phase> rms value of the source current (positive-sequence system) of a
470 power station with full size converter and current regulation in case of a line-to-line short circuit
471 or a line-to-line short circuit with earth connection at the high-voltage side of the step-up
472 transformer

473 3.22.3
474 source current for line-to-earth short circuits

475 Iiq1pc

476 <source current, single phase> rms value of the source current (positive-sequence system) of
477 a power station with full size converter and current regulation in case of a line-to-earth short-
478 circuit at the high-voltage side of the step-up transformer

479  3.23
480 impedance of the nodal impedances matrix

481 Z(1),~i , Z(z)ﬁ , Z(O)ii

482 <self-impedance> diagonal elements of the positive-sequence, or negative-sequence or zero-
483  sequence nodal impedances matrix for the short-circuit locationi

484  3.24
485 impedance of the nodal impedances matrix
486 L)

487 <mutual impedance > elements of the positive-sequence nodal impedances matrix, where i is
488 the node of the short circuit and j the node where the high-voltage side of a power station unit
489  with full size converter is connected

490 4 Symbols, subscripts and superscripts

491 4.1 General

492 The formulas given in this standard are written without specifying units. The symbols represent
493 physical quantities possessing both numerical values and dimensions that are independent of
494 units, provided a consistent unit system is chosen, for example the international system of units
495 (S1). Symbols of complex quantities are underlined, for example Z =R+ jX .

496 4.2 Symbols

497 a Complex operator a=el?™

498 4 Initial value of the DC componentipc

499 c Voltage factor

500  cU, 13 Equivalent voltage source (rms) Documents

Document Sharing Hub

Full document details: 25/30433568 DC


http://www.avadocuments.com/doc/25-30433568-dc
http://www.avadocuments.com/doc/25-30433568-dc

501

502

503

504

505

506

507

508

509

510

511

512

513

514
515
516
517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

In

Ua

R resp. r

14 IEC CDV 60909-0 ED3 © IEC 2025

Frequency (50 Hz or 60 Hz)

Equivalent frequency to calculate the peak short-circuit current
Symmetrical short-circuit breaking current (rms)

Aperiodic or DC component of short-circuit current

Steady-state short-circuit current (rms)

Steady-state short-circuit current of a generator with compound excitation
Symmetrical locked-rotor current of an asynchronous generator or motor

Peak short-circuit current

Rated current of electrical equipment

Thermal equivalent short-circuit current
Initial symmetrical short-circuit current (rms)
Initial symmetrical short-circuit current (rms) caused by current sources

Initial symmetrical short-circuit current (rms) caused by voltage sources

Correction factor for impedances
Factor for the heat effect of the DC component
Factor for the heat effect of the AC component

Pair of poles of an asynchronous machine

Range of synchronous generator voltage regulation

Total loss in transformer windings at rated current

Rated mechanical power of an asynchronous machine ( Fp = Sia cos((prA)nrA)
Range of transformer voltage adjustment

Factor for the calculation of breaking current of asynchronous machines
Nominal cross-section

Relative resistance of a transformer at rated transformation ratio in per unit
Resistance, absolute respectively relative value

Rated apparent power of electrical equipment

Duration of the short-circuit current

Minimum time delay

Rated transformation ratio (tap-changer in main position); # 21
Rated short-circuit voltage of a transformer in per unit

Positive-, negative-, zero-sequence voltage

Highest voltage for equipment, line-to-line (rms)
Nominal system voltage, line-to-line (rms)

Rated voltage, line-to-line (rms)

Documents

Document Sharing Hub

Full document details: 25/30433568 DC


http://www.avadocuments.com/doc/25-30433568-dc
http://www.avadocuments.com/doc/25-30433568-dc

IEC CDV 60909-0 ED3 © IEC 2025 15

535 Xgq resp. X, Saturated subtransient reactance of a synchronous machine, direct axis
536 respectively quadrature axis
537 X resp. x Reactance, absolute respectively relative value

538 X4 resp. Xq Synchronous reactance, direct axis respectively quadrature axis

539 x4 Unsaturated synchronous reactance, relative value

540  X4ce Fictitious reactance of a generator with compound excitation in the case of
541 steady-state short circuit at the terminals (poles)

542 Xdsat Saturated synchronous reactance, relative value, reciprocal of the saturated no-
543 load short-circuit ratio

544 XT Relative reactance of a transformer at rated transformation ratio in per unit

545 Z resp. z Impedance, absolute respectively relative value

546 Z(o) Zero-sequence short-circuit impedance

547 Z(1) Positive-sequence short-circuit impedance

548 Z(z) Negative-sequence short-circuit impedance

549 Zy Short-circuit impedance of a three-phase AC system at the short-circuit location
550 % Conductor temperature at the end of the short circuit

551 a,p Factors for the calculation of short-circuit currents, if one conductor is interrupted
552 A Efficiency of asynchronous machines

553 ) Phase angle

554 K Factor for the calculation of the peak short-circuit current

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

556 U Factor for the calculation of the symmetrical short-circuit breaking current

557 Uo Absolute permeability of vacuum, pg = 4 x10~*H/km

558 P Resistivity

559 01 Positive-sequence neutral reference

560 02 Negative-sequence neutral reference

561 00 Zero-sequence neutral reference

562 4.3 Subscripts

563 (1) Positive-sequence component

564 (2) Negative-sequence component

565 (0) Zero-sequence component

566 A Asynchronous machine

567  AC Alternating current

568 AG Asynchronous generator

569 AM Asynchronous motor or group of asynchronous motors
570 AMO Without asynchronous motors

571 asym Asymmetrical

572 B Busbar
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CE

CsS
DC

E

f

F

HV

k or k3
K

k1

k2
k2EL2
k2EL3
kE2E
L
L1,L2,L3
LV
max
min
MV

PA
PC
PD
PP
PPA
PPC
PPD
PS

res
SG
SM
SPH

th
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Equivalent frequency

Converter

Generator with compound excitation

Current source

Direct current

Earth

Fictitious

Short-circuit location

High-voltage, high-voltage side of a transformer
Three-phase short circuit (see Figure 2a)

Corrected impedances with the impedance correction factors
Line-to-earth short circuit, line-to-neutral short circuit (see Figure 2d)
Line-to-line short circuit (see Figure 2b)

Line-to-line short circuit with earth connection (see Figure 2c¢)
Line-to-line short circuit with earth connection (see Figure 2c)
Line-to-line short circuit with earth connection (see Figure 2c)
Line

Line conductors of a three-phase AC system

Low-voltage, low-voltage side of a transformer

Maximum

Minimum

Medium-voltage, medium-voltage side of a transformer
Network

Nominal value

Power station with asynchronous generator

Power station with full size converter

Power station with doubly fed asynchronous generator
Power plant

Power plant with asynchronous generator

Power plant with full size converter

Power station with doubly fed asynchronous generator
Power station with synchronous generator

Feeder connection point

Rated value

Reactor

Resulting

Synchronous machine

Synchronous generator

Synchronous motor

Synchronous condenser (phase-shifting machine)
Transformed value

Thermal

Transformer Documents
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616 uT Unit transformer
617 VS Voltage source
618 >AM Sum of parallel asynchronous motors

619 4.4  Superscripts

620 b Before the short circuit

621 " Subtransient

622 ' Transient or per unit length
623

624 5 Characteristics of short-circuit currents: calculating method

625 5.1 General

626 A complete calculation of short-circuit currents should give the currents as a function of time at
627 the short-circuit location from the initiation of the short circuit until the steady-state current has
628 been reached. (see Figure 1a and Figure 1b), depending on the instantaneous value of the
629 voltage at the short-circuit location at the moment of the short circuit occurrence.

630 In general, a distinction is made between far-from-generator and near-to-generator short
631 circuits (see also 3.15 and 3.16).

632 The AC component of the near-to-generator short-circuit current decays with time. An example
633 is shown in Figure 1b). It could happen that the decaying short-circuit current reaches zero for
634 the first time some cycles after the short circuit took place. This is possible if the DC time
635  constant of e.g. a synchronous generator or doubly fed asynchronous generator is considerably
636 larger than the subtransient time constant. This phenomenon is not dealt with in this standard.

637  The decaying aperiodic DC component of the short-circuit current iz can be calculated
638  according to Formula (69).

639 In most practical cases a determination of the short-circuit current as a function of time is not
640 necessary. Depending on the usage of the results, it is mostly sufficient to know the rms value

641 of the symmetrical AC component l|: and the peak value ip. The maximum peak short-circuit

642 current results if the short circuit occurs at the zero crossing of the voltage at the short-circuit
643 location. Its value depends on the direct-current time constant of the network and the decay of
644 the symmetrical AC component.

645 When calculating single-fed or multiple-fed short-circuit currents in systems supplied by
646 generators, power-station units, power plants and motors for near-to-generator and/or near-to-
647 motor short circuits, see Figure 8 and Figure 9, it is of interest to know not only the initial

648  symmetrical short-circuit current I|: and the peak short-circuit current 7, but also the
649 symmetrical short-circuit breaking current [, and the steady-state short-circuit current /. In
650  this case, the symmetrical short-circuit breaking current I, is smaller than the initial symmetrical

651 short-circuit current [k Normally, the steady-state short-circuit current I, is smaller than the
652 symmetrical short-circuit breaking current /.

653
654 NOTE Schematic diagram with fundamental oscillation and DC component. In real networks the short-circuit current
655 can deviate from the current shape of Figure 1a and Figure 1b.
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Figure 1a — Short-circuit current of a far-from-generator short circuit with constant AC component and
decaying DC component
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Figure 1b — Short-circuit current of a near-to-generator short circuit with decaying AC and DC component

242r

[k initial symmetrical short-circuit current
ip peak short-circuit current

]k steady-state short-circuit current
iDC DC component of short-circuit current
A initial value of the DC component iDC

Figure 1 — Short-circuit current (schematic diagram)

5.2 Method of calculation
5.2.1 General

The basis of the short-circuit current calculation is the superposition of the effects of different
sources that determine the total short-circuit current at the short-circuit location. These sources
are:

a) Equivalent voltage source at the short-circuit location (5.2.2). Documents
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674 b) Installations modelled as current sources (5.2.3).

675 In the application of the superposition, it is assumed that the steady-state values of the voltages
676 and currents before short circuit are neglected. Figure 3 shows the basic principle of the
677 superposition of the different sources for an exemplary network. Figure 3a represents a three-
678 phase short circuit at the location F, fed by a network and a power station with full size
679 converter. In Figure 3b the network fed only by the equivalent voltage source at the short-circuit
680 location is investigated, in Figure 3c the network with the installations with full size converters
681 modelled as current sources is shown. The partial short-circuit currents at the short-circuit
682 location F of these two networks are added for calculating the short-circuit current at the short-
683 circuit location F of Figure 3a.

684 The assumptions used for the two calculations are described in 5.2.4.

685 For short circuits as shown in Figure 2, the short-circuit currents can be calculated by the
686 application of symmetrical components (see 5.2.5). Figure 2 illustrates the short circuits
687  covered by this standard: Three phase (Figure 2a), line-to-line (Figure 2b), line-to-line with
688  earth connection (Figure 2c), and line-to-earth (Figure 2d).

L3 _ L3 .
18 _ _ Iz
..... L1 <1 -

689
Figure 2b — Line-to-line short circuit
L3 P
2 .. _
wo > Shortciutauren St il o
Figure 2c - Line-to-line short circuit with earth Figure 2d — Line-to-earth short circuit
connection
691 Figure 2 — Characterization of short circuits and their currents

692 The impedances of equipment in upstream or downstream networks of the positive, negative
693 and zero-sequence are to be transformed by the square of the rated transformation ratio ¢ .

694  Voltages and currents are to be transformed by the rated transformation ratio ¢ . If there are

695  several transformers with slightly differing rated transformation ratios (#1¢, %12, ... fn) iN
696 between two systems, the arithmetic mean value can be used.
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