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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 Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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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235 INTERNATIONAL ELECTROTECHNICAL COMMISSION

236

237

238 POWER TRANSFORMERS

239

240 Part 5: Ability to withstand short-circuit

241

242

243 FOREWORD

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

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

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

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

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

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

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

276 EC 60076-9 has been prepared by Maintenance Team MT60076-5 ABILITY TO WITHSTAND
277 SHORT-CIRCUIT, of IEC technical committee 14: POWER TRANSFORMERS. It is an
278 International Standard.

279 This fourth edition cancels and replaces the third edition published in 2006. This edition
280 constitutes a technical revision.

281 This edition includes the following significant technical changes with respect to the previous
282 edition:

283 a) Inclusion of definitions of transformer parts

284  b) Inclusion of standard short-circuit current calculation formulae

285 c) Updated network short-circuit power

286 d) Clarified mechanical withstand test procedure and pass-fail criteria
287 e) Revision of thermal withstand formula

288 f) Revised proof of withstand by calculation procedure. Documents
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289  The text of this International Standard is based on the following documents:

Draft Report on voting

XXIXX/FDIS XXIXX/IRVD

290
291 Full information on the voting for its approval can be found in the report on voting indicated in
292 the above table.

293  The language used for the development of this international Standard is English.

294 This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
295  accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
296 at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
297  described in greater detail at www.iec.ch/standardsdev/publications.

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

301 e reconfirmed,

302 e withdrawn,

303 e replaced by a revised edition, or

304 e amended.

305
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306 INTRODUCTION

307 Short-circuit withstand capability is an important characteristic of transformers. This standards
308 defines the requirements for proving this capability.

309 The proof of withstand is based on the current which may flow in the transformer during an
310 external short-circuit event, therefore a normative annex on calculation of the current with
311 standardized formulae is given.

312 Short-circuit withstand consists of a thermal and mechanical capability.
313 The formula for the thermal withstand capability has been corrected in this edition.

314 For the mechanical withstand capability the test procedure and pass-fail criteria have been
315 revised. The boundaries of transformer categories have been updated to reflect the current
316 technology.

317 The proof of withstand capability by calculation has been completely revised as the criteria of
318 similarity specified in the previous edition were hard to achieve. The new concept relies on the
319 idea that no transformer should be more severely stressed than a tested object. The tested
320 object can be within certain limits either a set of actual transformers, or transformer models.

321 In addition construction and components of transformer have been defined to provide a common
322 understanding during design review as well as after tests.

323

324  The International Electrotechnical Commission (IEC) draws attention to the fact that it is claimed
325 that compliance with this document may involve the use of a patent. IEC takes no position
326 concerning the evidence, validity, and scope of this patent right.

327 The holder of this patent right has assured IEC that s/he is willing to negotiate licences under
328 reasonable and non-discriminatory terms and conditions with applicants throughout the world.
329 In this respect, the statement of the holder of this patent right is registered with IEC. Information
330 may be obtained from the patent database available at patents.iec.ch/.

331 Attention is drawn to the possibility that some of the elements of this document may be the
332  subject of patent rights other than those in the patent database. |IEC shall not be held
333 responsible for identifying any or all such patent rights.

334
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POWER TRANSFORMERS

Part 5: Ability to withstand short-circuit

1 Scope

This part of IEC 60076 establishes the requirements for power transformers to sustain without
damage the effects of short-circuit currents resulting from external short-circuits. It describes
the calculation procedures used to demonstrate the thermal ability of a power transformer to
withstand such short-circuit currents and both the special test and the theoretical evaluation
method used to demonstrate the ability to withstand the relevant dynamic effects. The
requirements apply to transformers as defined in the scope of IEC 60076-1.

Note 1: The calculation and tests assumes that the transformer will be already energized at the time of short-circuit.
The design calculation usually considers that there is a perfect balance of ampere-turns between the two windings.
This may not be always the case during tests and under short-circuit conditions in the network. For particular designs
of transformers energized from an inner winding or with axially split windings this may be significant and needs to be
considered because the transformer may not be strong enough to survive a pre-applied fault.

Note 2: The currents resulting from out-of-phase synchronization are not considered.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60076-1: Power transformers — Part 1: General

IEC 60076-3: Power Transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air

EC 60076-8: Power transformers — Part 8: Application guide
EC 60076-11: Power transformers — Part 11: Dry-type transformers

EC 60076-18: Power transformers — Part 18: Measurement of frequency response

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60076-1 and
IEC60076-3 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |ISO Online browsing platform: available at https://www.iso.org/obp
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373 3.1 Current

374 3.1.41
375  Symmetrical Short-circuit current
376 |

377 the rms value of the sinusoidal steady state symmetrical current appearing during a short-
378 circuit.

379 Note 1 to entry: This definition does not means that the symmetrical current is the same in all three phase.
380 3.1.2

381 Short-circuit current peak value

382 ]

383  the value of the highest peak current occurring during a short-circuit.

384 3.2

385 Minimum expected short-circuit impedance

386 the impedance defined by the manufacturer which form the basis for the design calculation of
387 a transformer.

388 Note 1 to entry: The minimum expected short-circuit impedance will be equal or greater than the minimum
389 impedance guaranteed.

390 3.3  Structural Parts for core form transformers

391 3.3.1

392 Stick

393 A piece of insulating material creating a space between turns or windings parallel to the core
394  axis and providing support for radial forces.

395 Note 1 to entry: This definitions includes clack bands and sticks that do not extend for the full length of the winding.

396  3.3.2

397  Spacer

398 A piece of insulating material creating a space between turns or windings perpendicular to the
399 core axis and providing support for axial forces.

_
400
401 Figure 1 — Stick and spacer sketch
402 3.3.3

403  Static ring
404  An element with a conducting surface electrically connected to an adjacent turn and suitably
405  shaped to reduce the dielectric stress in the area it is placed.

406  3.3.4

407 Washer

408 A piece of insulating material used to create a zigzag flow or used as a spacing element placed
409 between spacers and windings to provide mechanical stability and increased creepage path.

Documents

Document Sharing Hub

Full document details: 21/30450140 DC


http://www.avadocuments.com/doc/21-30450140-dc
http://www.avadocuments.com/doc/21-30450140-dc

410
411
412
413
414

415

416

417
418
419
420

421
422
423
424

425

426

427
428
429
430

431
432
433
434

435
436

437

IEC CD 60076-5 © IEC 202X -13 -

3.3.5

Winding support blocks

Part of the end winding support, which supports part of the winding circumference thereby
allowing liquid circulation between the winding and the common press plate and transmitting
the axial forces.

Figure 2 — Example of winding support including blocks and rings

3.3.6

End winding support

an insulating structure placed on the extremity of a winding supporting and transmitting the
axial forces of the winding.

3.3.7

Common press plate

a structure used outside the winding supports to link two or more winding assemblies to the
clamping structure.

Figure 3 — Example of common press plate sketch

3.3.8

Insulating supports

Pieces of insulating material inserted between the common press plate and the clamping
structure to transmit forces.

3.3.9

Dowel

Pieces of insulating material inserted between inner winding and the core to provide support of
the inner winding.

Note 1 to entry: Due to the mechanical tolerances in large power transformers dowels may not be effective at
providing radial support over the whole length of the winding, this should be considered during the design review.

Note 2 to entry: The .word dowel does not necessarily imply a circular cross section.
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3.3.10
Tie rods
parts in tension placed outside the winding used to apply a clamping force on the windings.

3.3.11
Flitch plates
parts in tension placed inside the winding along the core used to apply a clamping force on the

windings.

3.3.12
General description of structural parts
the following sketches shows the different structural part in position either with flitch plate or tie

rod technology.

s u Flitch plate
W Insulating support

~— | Common press plate
(N s —
\ | Winding support blocks |
Core End winding support

= o
£ £

e}
£ c
= E

e

Figure 4 — Cross section of structural parts of a flitch plate core type transformer
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Figure 5 — Structural parts of a tie rod core type transformer
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3.4  Structural Parts for shell type transformers

3.41

Spacer

a piece of insulating material stuck on insulated material screen providing support of turns
against axial forces, electric distance between coils and oil channel for coil cooling.

P T POE
%ﬁ%@@%&@@% spacer

POVGOVOL PO O &

OOV 0000

Qﬁ%g éggg pressboard washer

QB gw@

QOY, ;@%{

@0, 29

Y Xoe _g _

QOCTTE TSNS col

@&0’0@@&$ﬁ$§%§ V A V //} Spacer

OO, HARN0
SSIANA E0 0t e
Figure 6 — Shell type spacer sketch

3.4.2
Pancake Coil ends
part of the pancake coil outside the magnetic circuit.

coil end
|~

= .
coils
i

L Core
| —

—

,

Figure 7 — Shell type coil end sketch

3.4.3

End wedge

an insulating structure placed between top or bottom coil heads and tank supporting the phases
and transmitting the axial forces to the tank.

Figure 8 — End wedge of shell type transformer example Documents
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3.4.4

Inter-phase wedge

an insulating structure placed between top and bottom coil heads of the middle phase and
extreme phases of a three-phase transformer and transmitting the axial forces.

=

Figure 9 — interphase wedge of shell type transformer example

Note 1 to entry: This is only applicable when phases are coaxial.

3.4.5

Wedging panel

a flat piece of insulating material providing support and/or guidance for end and inter-phases
wedges.

3.4.6

Core wedge

a piece of steel material or insulating material inserted between the top of the core and the
phases providing radial tightening.

Coil

agnetic shield

/ ~
| core wedge N

=

Figure 10 — Core wedge of shell type transformer example

Note 1 to entry: The magnetic shield may not be present.

3.4.7

Core tightening system

device placed at the joints of the magnetic circuit exerting a pressure normal to the plane of the
core laminations.

Note 1 to entry: This could consist of a spring or a jack or any other mechanisms.
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3.4.8

496
497
498
499

circuit reinforcement structure

Short

structural reinforcement providing to the base and bell tank the necessary mechanical rigidity

for sustaining total axial forces.

a
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internal renforcement

surface of coils head

500

Figure 11 — example of a tank reinforcing structure of a shell type transformer

501

Note 1 to entry: the short-circuit reinforcement structure may also be used to compress the magnetic circuit.

502

Note 2 to entry; the short-circuit reinforcement structure may be internal to the tank or part of the tank.

503

3.4.9

504
505
506
507
508

T beam

a piece in shape of a T, made of steel, supporting the weight of the core and winding, fixed at
both extremities of the base tank flanges providing supplementary rigidity to the tank base

against axial forces.

3.4.10

509
510

511

General description of structural parts

the following sketches shows the different structural part in position.
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Upper tank view

Lower tank view

513
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Figure 12 — Structural parts of a shell type transformer
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3.5 Forces, stresses

3.5.1
Electromagnetic force
the force resulting from the vector product of a magnetic field and a current.

3.6 Winding assembly failure modes

3.6.1
Radial Buckling
loss of radial stability of cylinder due to radial forces.

3.6.2
Radial forced Buckling
deformation between sticks due to radial forces.

Figure 13 — Radial forced Buckling sketch

Note 1 to entry: The drawing is indicating only the shape of the failure and are not related to any detailed winding
construction.

3.6.3
Radial free Buckling
deformation of a cylindrical winding due radial forces resulting in tangential compressive stress.

Figure 14 — Radial free Buckling sketch

Note 1 to entry: The drawing is indicating only the shape of the failure and are not related to any detailed winding
construction.

3.6.4

Bending of a conductor

permanent deformation due to a force on a conductor between two fixed supports either sticks
for radial bending or spacer for axial bending.

— — T ————

b

‘

\ —~

pr | — ",_,,r.;__‘.__,f_;_______*?

Figure 15 — Bending of a conductor sketch
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543  3.6.5
544  Tilting of a conductor
545  loss of axial stability of a strand or conductor where the conductor(s) tilt(s).

b)
546 ’
547 Figure 16 — Tilting of a conductor sketch
548 Note 1 to entry: This happens to conductors where the axial dimension is larger than the radial one either with or
549 without spacer. Tilting may result in broken conductor insulation, magnified forces originated by conductor
550 displacements as well as internal short-circuits between conductors. This failure modes usually gives an axial zigzag
551 pattern of the failed coil or conductor.
552  3.6.6

553  Telescoping of turns
554  a loss of axial stability of a winding resulting from the overlapping of turns wound on the same
555 diameter not separated by spacers

axial slip

:
i

0
556 I

557 Figure 17 — telescoping of turns sketch
558 Note 1 to entry: Usually, telescoping results in destroyed conductor insulation and turn-to-turn fault.
559
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3.6.7
Spiralling
Spiralling

either tightening or unwinding of a winding due to forces on the turns of a winding resulting in
spacer circumferential displacement, leads deformation or loss or disruption of the axial support
structure.

Inner QOuter
Winding Winding e
o )
@« ) ) sling B I
‘ I After ‘f‘
o =% Spiralling '7|~
- .

Figure 18 — Spiralling sketch

Note 1 to entry: This phenomenon can be due to the fact that the winding are not rotationally symmetric.

3.6.8

End insulation collapse

failure of the end winding support or common press plate to continue support or clamp the
winding.

3.6.9
Axial insulation collapse
failure of the spacers or conductor insulation in the winding.

Note 1 to entry: This failure maybe be due to plastic deformation of spacers or damage of the paper

3.7 Winding types

3.71
Non-circular winding
a winding intentionally wound in a non-circular shape

Note 1 to entry: This usually includes square, rectangular and oval shapes and are mainly used for small
transformers

3.7.2

Circular winding

a winding wound on a circular former even if there might be local deviations from the cylindrical
shape such as for example because of the presence of exit leads in foil windings. If the ratio of
the maximum diameter to the minimum one is lower than 1.1 then the winding is considered as
circular shape.

3.7.3
Foil type winding
A winding in which the turns of the winding consist of a foil conductor.

3.7.4
Sandwich windings
A winding arrangement in which the different windings, e.g. LV and HV are interleaved along

the axis of the magnetic circuit.
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506  3.7.5

597 Layer type winding

598 A winding in which the turns are wound joined to each other along the core axis and arranged
599  one or more successive layers.

600 3.7.6

601 Helical type winding

602 a winding similar to a layer winding where the turns or parallel conductors (if applicable) are
603 separated from each other by either an axial and/or radial duct.

604  3.7.7

605 Radial duct disk type winding

606 a winding where the turns are wound in the form of a disk perpendicular to the core axis
607 alternately from inner diameter to outer and vice versa. Between disks there is spacer to create
608 a cooling channel perpendicular to the core axis.

609  3.7.8

610 Axial duct disk type winding

611 a winding where sticks or clack bands are used to create axial cooling channels parallel to the
612 core axis.

613  3.7.9

614 Pancake coil winding

615 a winding type used in shell type transformers where the turns are wound in a form to fit a
616 rectangular core almost perpendicular to the core axis and where the cooling channels are
617 made of spacer placed on an insulating material inserted between two adjacent pancakes.

618  3.7.10

619 Random technology winding

620 a winding technology based on disk winding technology where the turns are randomly
621 distributed.

622 Note 1 to entry: This type of winding is mostly used for dry type cast resin transformers

623 3.8

624 Physical winding

625  the winding or part of a winding that forms a cohesive mechanical construction for the purposes
626  of calculating mechanical stresses.

627 Note 1 to entry: For example a double concentric winding usually consists of at least two physical windings. A
628 physical winding is normally made in one process on a winding machine. But more than one physical winding may
629 be made in one process if axial or radial barriers are included.
630
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631 4 Common requirements

632 4.1 General

633  Transformers together with all equipment and accessories shall be designed and constructed
634  to withstand without damage the thermal and dynamic effects of external short-circuits under
635 the conditions specified in 4.2

636 A transformer that has been successfully short-circuit tested shall be suitable for intended
637 normal service conditions including short-circuit.

638 External short-circuits are not restricted to three-phase short-circuits; they include line-to-line,
639 double-earth and line-to-earth faults. The currents resulting from these conditions in the
640 windings are designated as short-circuit currents in this part of IEC 60076.

641 4.2 Short-circuit current conditions
642 4.2.1 Short-circuit current values

643 The short-circuit current shall be calculated as required in section 6.1.4 for all possible fault
644 cases with the most unfavourable combination of positive, negative and zero sequence network
645 impedance.

646 Unless otherwise specified the current in all windings for each of the following fault cases
647 occurring on each of the windings where terminals are brought out shall be calculated:

648 e Three phase fault

649 e Single phase to ground fault

650 e Two phases and two phases to ground fault

651 Annex A gives the calculation method for the common cases with and without grounding
652 impedance.

653 From the above calculation the “worst case” for the current in each winding will then be selected
654  for testing.

655 If specified, the phase to phase or double phase to ground faults may not have to be considered
656 in the calculations for windings where mechanical construction make this fault impossible. As
657 for instance, for transformers directly connected to a generator where the connection between
658 the generator and the transformer is constructed in such a way which prevents such faults.

659 4.2.2 General considerations

660 4.2.2.1 Application conditions requiring special consideration

661 The following situations affecting short-circuit current magnitude, duration, or frequency of
662  occurrence require special consideration and shall be clearly identified in transformer
663 specifications:

664 e regulating transformers with very low impedance that depend on the impedance of directly

665 connected apparatus to limit short-circuit currents;
666 e unit generator transformers susceptible to high short-circuit currents produced by
667 connection of the generator to the system out of synchronism;
668 e transformers directly connected to rotating machines, such as motors or synchronous
669 capacitors, that can act as generators to feed current into the transformer under system
670 fault conditions;
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671 e special transformers and transformers installed in systems characterized by either a high
672 fault level and/or a high fault frequency of occurrence which might leads to conditions
673 exceeding those covered by the short-circuit test as described in this document.

674 4.2.2.2 Current limitations concerning series transformers

675 When the combined impedance of the series transformer and the system results in short-circuit
676  current levels for which the transformer cannot feasibly or economically be designed to
677  withstand, the manufacturer and the purchaser shall mutually agree on the maximum allowed
678 short-circuit current. In this case, provision should be made by the purchaser to limit the short-
679 circuit current to the maximum value determined by the manufacturer and stated on the rating
680 plate. The ability of any tap changer inserted in the line shall be carefully evaluated particularly
681 for phase shifting transformers where at zero phase angle shift the only element in series could
682 be the tap changer.

683 4.2.3 Components
684 4.2.31 Tap-changing equipment
685  Where fitted, tap-changing equipment shall be capable of carrying the same short-circuit

686 currents due to short-circuits as the windings. However, the on-load tap-changer is not required
687  to be capable of switching the short-circuit current.

688 4.2.3.2 Neutral terminal

689 The neutral terminal of windings with star or zigzag connection shall be designed for the highest
690  short-circuit current that can flow through this terminal.

691 4.2.4 Transformers categories

692 For the purpose of this standard, three categories for the rated power of three-phase
693  transformers or three-phase banks are recognized:

694 e category I: up to and including 3 150 kVA;
695 e category Il above 3 150 kVA up to and including 31 500 kVA;
696 e category lll: above 31 500 kVA.

697 The categories are used to define the pass-fail criteria and test procedure.

698  Transformers may be assigned to a higher category by agreement between purchaser and
699 manufacturer.

700 Note 1: For example transformer with unusual combination of voltage and power such as 30 000 kVA at 420 kV could
701 be assigned to category lll, or single phase transformer in single phase application such as 10 MVA railway feeder
702 transformer could be assigned as category IlI.
703 Note 2: For autotransformer, phase shifting transformers and series transformers the rated power is the throughput
704 power as per |[EC 60076-1.
705
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706 4.2.5 Symmetrical short-circuit current
707 4.2.5.1 Two separate winding transformers

708 For transformers with two separate windings, normally only the three-phase short-circuit is to
709 be considered, as the current of this case is substantially higher than the one occurring during
710  the other possible types of fault

711 If due to the installation 3 phases fault are unlikely to occur, then their effect can be disregarded
712 if allowed by the purchaser.

713 Note 1: In the case of winding in zigzag connection, the single-line-to-earth fault current may reach values higher
714 than the three-phase short-circuit current. However, these high values are limited, in the two limbs concerned, to a
715 half of the coil and furthermore the currents in the other star-connected winding are lower than for a three-phase
716 short-circuit. Electrodynamic hazard to the winding assembly may be higher either at three- or single-phase short-
717 circuit depending on the winding design. The manufacturer and the purchaser should agree which kind of short-circuit
718 is to be considered.

719 Note 2: in some cases the single phase current may be higher than the three phase short-circuit current. The
720 manufacturer and the purchaser should agree which kind of short-circuit is to be considered.

721 4.2.5.2 Transformers with more than two windings and auto-transformers

722 The short-circuit currents in the windings, including stabilizing windings and auxiliary windings,
723  shall be determined from the impedances of the transformer and the system(s). Account shall
724 be taken of the different forms of system faults that can arise in service, for example, line-to-
725 earth faults and line-to-line faults associated with the relevant system and transformer earthing
726 conditions (see ). The characteristics of each system (at least the short-circuit
727  apparent power level and the range of the ratio between zero-sequence impedance and
728 positive-sequence impedance) shall be specified by the purchaser in his enquiry.

729 Delta-connected windings of three-phase transformers shall be capable of withstanding the
730  short-circuit currents resulting from different forms of system faults that can arise in service
731 associated with relevant system earthing conditions, including circulating current induced by
732 unbalanced faults on the other windings.

733 Three phase transformers shall be capable of withstanding faults at the delta winding terminals
734 if more than one corner of the delta is brought out, unless the purchaser specifies that special
735 precautions will be taken to avoid the risk of line-to-line short-circuits.

736  Single-phase transformers connected to form a three-phase bank, shall be capable of
737 withstanding faults on the terminals of any delta-connected windings, unless the purchaser
738 specifies that special precautions will be taken to avoid the risk of line-to-line short-circuits.

739 Note: It may not be economical to design auxiliary windings to withstand short-circuits on their terminals. In such
740 cases, the short-circuit current level should be limited by appropriate means, such as series reactors, phase
741 separators avoiding phase to phase fault or, in some instances, fuses. Care should be taken to guard against faults
742 in the zone between the transformer and the protective apparatus. The purchaser will have to take special care to
743 avoid the possibility of earthing or test leads applied during maintenance not being removed prior to energization.
744 There have been instances where fire protection caused a three phase fault.

745
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746 4.2.5.3 Transformers directly associated with other apparatus

747 Where a transformer is directly associated with an apparatus, the impedance of which would
748 limit the short-circuit current, the sum of the impedance of the transformer, the system and the
749 directly associated apparatus may, by agreement between the manufacturer and the purchaser,
750 be taken into account if no external fault can reasonably occur between the transformer and
751 the associated apparatus.

752 This applies, for example, to unit generator transformers if the connection between generator
753  and transformer is constructed in such a way that the possibility of line-to-line or double-earth
754  faults in this region is negligible, or to transformers connected to series reactors or any short-
755 circuit current limiting device, or a directly connected regulating transformer for instance as
756  commonly used for rectifier transformers.

757 4.2.5.4 Special transformers and transformers to be installed in systems
758 characterized by a high number of short-circuit currents

759 4.2.5.41 General consideration

760 The ability of the transformer to withstand frequent short-circuit currents, arising from the
761 particular application (for example, arc furnace transformers and stationary transformers for
762 traction systems), or the condition of operation (for example, high number of short-circuit
763  currents occurring in the connected system(s)), shall be subjected to special agreement
764 between the manufacturer and the purchaser.

765 For transformers expected to experience frequent short-circuit currents, the operating
766  conditions shall be stated as clearly as possible at the tender stage.

767 Note: stating a normal number of short-circuit for a usual network transformer is a very complex exercise. Usually
768 network transformers experience relatively low number of short-circuit and the values of the short-circuit current are
769 usually lower than the maximum short-circuit current calculated for the design. In some networks the number of short-
770 circuit events and/or the magnitude of the short-circuit current can be of significant importance. Examples that may
771 influence the number of short-circuit are vandalism, vegetation overgrowth, wild life, extreme climatic events and so
772 on.

773 Arc furnace and stationary traction transformers are expected to experience and withstand
774  short-circuit currents between weekly and several times a day. Such transformers shall be
775  clearly identified at the tender stage.

776 4.2.5.4.2 Arc furnace transformers

777 Normal operation of arc furnace transformers includes load cycles and frequent short-circuits
778  at the electrodes in the furnace. Usually the overall impedance of the circuit is higher than the
779 impedance of the transformer itself and the total fault impedance will limit the short-circuit
780 current to only a few times the rated current.

781 The main point for life expectancy of those transformer is not only the peak short-circuit current
782 but also the repeated effect of this current.

783 It must be recognized that the short-circuit test as defined in this standard may not covers the
784  effect of repeated short-circuit if the design of the transformer is not adequate to guarantee that
785 the transformer will fully recover after each shot. The short-circuit test procedure and pass fail
786  criteria must be agreed between purchaser and manufacturer.

787
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788  4.2.5.4.3 Rectifier transformers for industrial applications

789 For transformers according to IEC 61378-1 possible faults are short-circuit on the DC side of
790  the rectifier and very rarely internal rectifier fault. The short-circuit current is not limited by the
791 transformer short-circuit impedance only.

792 Typical values of short-circuit current are in the order of two to three times the rated current.

793 Those transformers shall be tested with the actual fault current calculated taking into account
794 all limiting impedance.

795 4.2.5.4.4 Stationary transformers for traction systems

796  Trackside transformers are used to supply power to railways networks by feeding catenaries
797 and feeders lines. Short-circuits on railways lines can happen on a daily or weekly basis with
798 various short-circuit current amplitudes and most often between catenary and ground.

799 Note: It is common practice for railway companies to perform a site commissioning test by shorting the catenaries to
800 ground and energizing the transformer at full voltage.

801 4.2.6 Usual impedance and network short-circuit power
802 4.2.6.1 Transformer impedance

803 Typical minimum values of impedance on rated tap position and at rated power are provided for
804 guidance purposes in Table 4-1 below. Specified values below those given in the table shall
805 not prevent the application of this standard but it should be recognised that the transformer may
806 be difficult to design and not be economically viable. If after considering the network impedance
807 (where applicable) the calculated symmetrical short-circuit current is more than 25 times rated
808  current the purchaser should consider carefully the necessity for such low specified values of
809 impedance.

810 Table 4-1 — Recognized minimum values of short-circuit impedance for transformers
811 with two separate windings

Short-circuit impedance at rated power

Rated power Minimum rated short-circuit impedance
kVA %
25 to 630 4,0
631 to 1250 5,0
1251 to 2 500 6,0
2501 to 6 300 7,0
6301 to 25000 8,0
25001 to 40 000 10,0
40 001 to 63 000 11,0
63001 to 100 000 12,5
above 10 000 > 12,5

Note 1: Values for rated power greater than 100 000 kVA are generally subject to agreement
between manufacturer and purchaser.

Note 2: In the case of single-phase units connected to form a three-phase bank, the value of
rated power applies to three-phase bank rating.

Note 3: In the case of single phase transformer not intended to form a 3 phase bank then 3x
rated power shall be used for reading the table.

Documents

Document Sharing Hub

Full document details: 21/30450140 DC


http://www.avadocuments.com/doc/21-30450140-dc
http://www.avadocuments.com/doc/21-30450140-dc

IEC CD 60076-5 © IEC 202X - 27 -

812 4.2.6.2 Network short-circuit power
813 4.2.6.2.1 General considerations

814 If the short-circuit apparent power is different from the one stated in Table 4-2, then the short-
815 circuit apparent power or current of the system at the transformer location should be specified
816 by the purchaser in his enquiry in order to obtain the value of the symmetrical short-circuit
817 current to be used for the design and tests.,

818 If the short-circuit apparent power or current of the system is not specified, then the values
819 given in Table 4-2 shall be used. Except in the case of category | transformer where infinite
820 short-circuit apparent power shall be considered.

821 If the short-circuit current is specified it shall be considered as supplied under a voltage equal
822 to Um of each winding independently of the rated tapping voltage.

823  For the calculation of the single phase to earth and double phase to earth short-circuit current,
824 if the ratio of zero-sequence to positive-sequence impedance of the system is not specified by
825  the purchaser, then a value of 1 shall be considered.

826 Table 4-2 — Short-circuit apparent power of the system for category Il and lll
827 transformers
Short-circuit data
Highest voltage for equipment, Um
KV Current Power
kA MVA
7,2 63 785,7
12 63 1309,5
17,5 63 1909,6
24 63 2618,9
36 63 3928,3
52 63 5674
72,5 63 7910
100 80 13 856
123 80 17 043
145 80 20 090
170 80 23 556
245 80 33948
300 80 41 569
362 80 50 160
420 80 58 197
550 80 76 210
800 80 110 850
1100 63 120 031
1200 63 130 943
Note: The above values are based on the breaking capacity of the
circuit breakers in the network

828

829
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830 4.2.6.2.2 Transformers with auxiliary winding
831 Unless otherwise specified by the purchaser, the following criteria shall be considered

832 e If the auxiliary winding is connected to a networks including other sources of short-circuit

833 current, then the short-circuit power of the system indicated in the standard (Table 4-2) shall
834 be used unless otherwise specified.

835 e If the auxiliary winding is used to feed local auxiliary services devices or for stabilization
836 purposes only then no short-circuit power in-feed shall be considered at its terminals.

837 e If the auxiliary winding is used to connect reactive compensation or energy storage
838 equipment capable of supplying fault currents then it should be considered in the calculation
839 using the level specified by the purchaser if not specified then no short-circuit power in-feed
840 shall be considered at its terminals.

841 4.2.6.2.3 Transformer with winding connected to a generator

842 For generator step up transformers the short-circuit power supplied to the winding S

sc?

843  connected to the generator depends on the sub-transient reactance of the generator as follows:
100 x S, )
sc = Zg
844 where

845 S, is the low voltage winding rated power expressed in MVA;

846  Z is the generator sub-transient impedance based on the Low Voltage winding rated power
847 and rated voltage, expressed in %.

848 4.2.6.2.4 Network short-circuit impedance Calculation
849 4.2.6.2.4.1 Three phase case

850 For three-phase transformers or 3 single phases transformers assembled in a three-phase bank
851 the network impedance is calculated as follows:

[
Isc3F |
Um Um | |
[ [
[
Um | |
- . H =L v
[ [
|
: Three-phase transformer |
852 L __ I T T T 2
853 Figure 19 — three phase equivalent circuit
Um
/3 Ui Um* 2
Isc3¢:£ and S3¢=3.—m.lsc3¢: e Zs=Um (2)
Zs NG A S3¢
854
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where
Zs is the short-circuit impedance of the network expressed in ohms (Q) per phase,
U, is the maximum system voltage expressed in kV,

S is the short-circuit apparent power of the network, expressed in MVA,
I is the rms short-circuit current, expressed in kA.

4.2.6.2.4.2 Between phase case

For single-phase transformers connected between two phases of a three phase network for
example railway track-side feeder transformers Zs the equivalent short-circuit

impedance of the network is calculated as follows:

equivalent

= Isc2F N

+ ULV (catenary)

~y Un ; E ; I rail

- ULV (feeder)

7s A 4

HV LV

Single-phase track-side
L_____transformer ____

Figure 20 — Between phase equivalent circuit

=27 (3)

equivalent™ ~ s

Isc24 = ;]7’” and S2¢ = Um.Icc24 = Zm ie. Zs
S

S

where

Zs is the short-circuit impedance per phase of the three-phase network, expressed in in ohms
(Q) per phase;

U, is the maximum system voltage expressed in kV,

S is the short-circuit apparent power of the network, expressed in MVA,
I is the rms short-circuit current, expressed in kA.

4.2.7 Peak asymmetric current

The amplitude 1 of the first peak of the asymmetrical test current is calculated as follows:

i=1xkx2 (4)
where the symmetrical short-circuit current 7 is determined in accordance with 4.2.5

The factor & accounts for the initial offset of the test current and V2 accounts for the peak-to-
r.m.s. value of a sinusoidal wave.
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879 The factor £ depends on the ratio X/R

880 where
881 X is the sum of the reactances of the transformer and the system (X, + X,), expressed in ohms

882 (Q);
883 R is the sum of resistances of the transformer and the system (R, + R,), expressed in ohms
884 (Q) with R, at reference temperature (see IEC 60076-1)

885 When the short-circuit impedance of the system is included in the short-circuit current
886  calculation, the X /R ratio of the system shall be given by the purchaser at the enquiry stage,

887  if not specified, then it shall be taken to be equal to that of the transformer, the X,/R, ratio of the
888  transformer shall be the design value.

889  The asymmetry factor is calculated as follows:

Y) sin @ (5)
890 where

891 e is the base of natural logarithm;

892 is the phase angle which is equal to tan-1(X/R),expressed in radians;

¢
893 X is the sum of the reactances of the transformer and the system (X, + X|), expressed in (Q);
R

894 is the sum of resistances of the transformer and the system (R, + R,), expressed in (Q) with
895 R, at reference temperature (see IEC 60076-1)

896 .Note: For example a value of X/R of 10 gives a k\2 of 2,46
897
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ges 5 Ability of transformers to withstand short-circuit

899 5.1  Ability of category | transformers to withstand short-circuit
900 5.1.1 Mechanical ability

901 Mechanical ability of category | transformers to withstand short-circuit shall be demonstrated
902 by test according to clause 0 on the fully assembled transformer

903 5.1.2 Thermal ability

904 The transformer shall be able to withstand the short-circuit current during the prescribed
905 duration given in 7.1 without exceeding the temperature limits given in 7.2

906  The demonstration of this ability is normally done by calculation according to 7.

907 5.2  Ability of category Il and Ill transformers to withstand short-circuit
908 5.21 Mechanical ability
909  Ability of large power transformer to withstand short-circuit can be demonstrated by tests, or

910 supported by calculation based on tested references and design and manufacture
911 considerations.

912 The short-circuit test is the most comprehensive way of proving the ability of a transformer to
913 withstand short-circuit.

914 Calculations according to 6.2 can support the assessment of the ability to withstand short-
915 circuit.

916 5.2.2 Thermal ability

917 The transformer shall be able to withstand the short-circuit current during the prescribed
918  duration given in 7.1 without exceeding the temperature limits given in 7.2

919 The demonstration of this ability is done by calculation according to section 7.3.

920
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921 6 Mechanical withstand ability demonstration

922 6.1 Demonstration by test
923 6.1.1 Test requirements
924 6.1.1.1 Single unit

925 Unless otherwise specified, the symmetrical short-circuit current (for the r.m.s. value), shall be
926 calculated using the measured short-circuit impedance of the transformer plus the minimum
927  systems impedances.

928 If the transformer contains elements such as a non-linear series reactor where the impedance
929 is lower at short-circuit current than at the measurement current than the short-circuit
930 impedance at short-circuit current shall be used in the current calculation.

931 For transformers of category I, the contribution of the system impedance shall be neglected in
932 the calculation of the short-circuit current.

933 6.1.1.2 Type tested unit of a series

934 Unless otherwise specified, the symmetrical short-circuit current (for the r.m.s. value), shall be
935 calculated using the measured short-circuit impedance of the transformer plus the minimum
936 systems impedances.

937 In order to be representative of the possible range of impedances expected over the series the
938 customer can require the symmetrical short-circuit current (for the r.m.s. value), to be higher
939 than the one based on the actual measured impedance to cover manufacturing tolerances as
940 provided by the manufacturer.

941 Note: It is understood that in order to define the symmetrical short-circuit current (for the r.m.s. value), minimum
942 expected short-circuit impedance over the whole series of transformers should be used as provided by the
943 manufacturer.

944 If the transformer contains elements such as non-linear series reactor where the impedance is
945 lower at short-circuit current than at the measurement current than the short-circuit impedance
946 at short-circuit current shall be used in the current calculation.

947 For transformers of category I, the contribution of the system impedance shall be neglected in
948 the calculation of the short-circuit current.

949 6.1.1.3 Tolerance on short-circuit current values

950 The tolerance is applicable to the actual current measured on the short-circuited winding.

951 The target value of the short-circuit peak asymmetrical current shall be 100 % of the value
952 according to 6.1.1.1 and 6.1.1.2 as applicable.

953  The peak value of the short-circuit current obtained during tests shall be within -3 % and + 7 %
954 of the target value. The symmetrical current shall not deviate by more than +10 % from the
955 target value.

956 For a preset short-circuit test configuration, the current imbalance due to core saturation may
957 increase the current of the energized winding, this can be reduced by preconditioning the core
958 and maximum test deviation shall be agreed between manufacturer and testing laboratory.
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959 6.1.1.4 Test frequency

960  The frequency of the test supply shall be, in principle, the rated frequency of the transformer.
961 Nevertheless, if agreed between the purchaser and the manufacturer, it is permissible to test
962 60 Hz transformers with a 50 Hz power supply and 50 Hz transformers with a 60 Hz power
963 supply provided that the prescribed test current values, as required in 4.2.7 and 6.1.1.3, are
964 obtained.

965 6.1.1.5 Test voltage

966 This procedure requires that the voltage of the test supply is suitably adjusted with respect to
967 the rated voltage of the object under test.

968 In order to obtain a test current according to the requirements the no-load voltage of the source
969 may be higher than the rated voltage of the winding supplied. The short-circuiting of the winding
970 may either follow (post-set short-circuit) or precede (pre-set short-circuit) the application of the
971 voltage to the other winding of the transformer!:

972 When the post-set short-circuit is used, if the test voltage exceed 1,1 times the rated tapping
973 voltage of the winding over-fluxing of the core may occurs and potential saturation needs to be
974 addressed by the manufacturer and the test laboratory.

975 6.1.1.6 Pre or post set short-circuit

976 Both pre and post set configurations are allowed.

977 If the pre-set short-circuit is used for a transformer with single-concentric windings, the supply
978 should preferably be connected to the winding furthest from the core. The winding closer to the
979 core is to be short-circuited in order to avoid saturation of the magnetic core which could lead
980 to an excessive magnetizing current superimposed on the short-circuit current during the first
981 few cycles.

982 If the short-circuit is pre-set, then both the short-circuit and the inrush magnetizing currents will
983  flow in the supplied winding. This will make the ampere-turns unbalanced. Effective measures
984 shall be taken during test to minimize the unbalance while using the preset configuration.

985 When available testing facilities require the supply to be connected to the inner winding, special
986 precautions shall be taken, for example, pre-magnetization of the core, to prevent the inrush of
987 magnetizing current.

988 For transformers with sandwich windings, axial split windings or double-concentric windings,
989 the pre-set short-circuit method shall be used only after agreement between the manufacturer
990 and the purchaser.

991 Note 1: This standard does not cover the effects of unbalanced ampere-turns due to the exceptional cases of
992 energization on an existing fault. If such a performance is required this has to be clearly specified, and pre-set
993 method maybe used for demonstrating the withstand ability.

994 Note 2: The test circuit should comply with the internal winding and lead layout of the transformer under test to avoid
995 undesirable magnetization effects of the core such as half turn effect. The manufacturer should inform the test
996 laboratory of the basic design of the transformer such as type of core (free or forced flux) and presence of half turn
997 in order to choose the most suitable test set up.

Another testing procedure consists of applying simultaneously two opposite-phase voltages to the two windings

under test. The two windings can be supplied either from the same power source or from two separate and
synchronized power sources. The method is advantageous in preventing any saturation of the core i

the power requirement of the supply. ﬁ&&rfjfﬁents
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998 6.1.1.7 Test current intervals

999 In order to avoid injurious overheating, an appropriate time interval shall occur between
1000  successive short-circuit current applications. This time shall be defined by agreement between
1001 the manufacturer and the purchaser.

1002 Note: When testing transformers of category I, it might be necessary to consider the change of X/R factor caused by
1003 the temperature increase during the test and provide for its compensation in the test circuit.

1004 6.1.1.8 Common test procedure.
1005 6.1.1.8.1 Number of tests
1006 6.1.1.8.1.1 General

1007 In the absence of any particular specification, the number of tests on three-phase and single-
1008 phase transformers is determined as follows, not including preliminary adjustment tests carried
1009 out at less than 70 % of the specified current to check the proper functioning of the test set-up
1010  with regard to the moment of switching on, the current setting, the damping and the duration.

1011 6.1.1.8.1.2 Categories | and Il

1012 e For categories | and Il single-phase transformers, the number of tests shall be three.

1013 Unless otherwise specified, the three tests on a single-phase transformer with tapings are
1014 made in a different position of the tap-changer, i.e. one test in the position corresponding
1015 to the highest voltage ratio, one test on the principal tapping or if the tapping range is
1016 asymmetrical, in the middle of the tapping range, and one test in the position

1017 corresponding to the lowest voltage ratio.

1018 e For categories | and Il three-phase transformers, the total number of tests shall be nine,
1019 i.e. three tests on each phase.

1020 Unless otherwise specified, the nine tests on a three-phase transformer with tapings are
1021 made in different positions of the tap changer, i.e. three tests in the position

1022 corresponding to the highest voltage ratio on one of the outer phases, three tests on the
1023 principal tapping on the middle phase and three tests in the position corresponding to the
1024 lowest voltage ratio on the other outer phase.

1025 Unless otherwise specified the phase which will be tested with the highest current in the
1026 tap leads is the phase with the longest connection between the winding and the tap

1027 changer.

1028  6.1.1.8.1.3 Category lli

1029  For transformers of category lll, an agreement between the manufacturer and the purchaser is
1030  always needed with regard to the number of tests and the position of the tap-changer. However,
1031 in order to simulate as closely as possible the effects of repetitive short-circuit events likely to
1032 occur in service, to allow a better monitoring of the behavior of the unit under test and to permit
1033 a meaningful judgment in connection with possible variations of the measured short-circuit
1034 impedance, it is recommended that the number of tests is as follows:

1035 e for single-phase transformers: three;
1036 o for three-phase transformers: nine.

1037 With regard to tap-changer position and test sequence, the same procedure as described for
1038 transformers of categories | and Il shall be applied unless otherwise agreed.

1039 If the test is not failed according to the pass-fail criteria and the short-circuit reactance variation
1040 did not show a diminishing trend at the end of the specified number of short-circuit tests, then
1041 additional shots may be performed at the manufacturer’s choice to determine if a diminishing
1042  trend can be established. Trend shall be considered only if compared on the same limb, same
1043 tap for the same winding pair, and measured with the same measuring system.
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1044 For single phase transformers determining a trend of the reactance variation may not always
1045 be possible because of the test being performed on different tap positions.

1046 If variation between two consecutive shots is lower than 0,3 % then no trend can be determined.

1047 6.1.1.8.2 Test duration
1048 The duration of each test shall be

1049 e 0,5 s for transformers of category I,

1050 e 0,25 s for transformers of categories Il and Ill,

1051 with a tolerance of +10 %.

1052  6.1.2 Condition of the object before the short-circuit tests
1053  6.1.2.1 Object subject to test

1054 Depending on the type of the tested object and on the specification, the tests shall be carried
1055 out on a new object ready for service with protection devices, including gas-and-oil-actuated
1056 relay, pressure-relief devices, visual indicators and all tank mounted devices capable of tripping
1057  the transformer, mounted for the test.

1058 For liquid immersed transformer the static pressure of the liquid at the pressure relief device
1059  during the test shall be equivalent to that obtained when the transformer is fully assembled and
1060 ready for operation.

1061 The mounting of accessories having no influence on behavior during short-circuit (for example,
1062 detachable cooling equipment) is not required.

1063 6.1.2.2 Temperature of the tested object

1064 At the beginning of short-circuit tests, the average temperature of the winding or for liquid
1065 immersed transformer that of the liquid shall be 10 °C or above.

1066 Note: During the tests, winding temperature is likely to increase owing to the circulation of the short-circuit current.
1067 For transformers of category I, the test circuit might need to be adjusted to take this into account during the test
1068 sequence.

1069  6.1.3 Element to be recorded during tests

1070 Before the short-circuit test, measurements and tests shall be carried out according to 6.1.5
1071 and the gas-and-oil actuated relay (if any) inspected. These measurements and tests serve as
1072 references for the detection of faults.

1073 During each test (including preliminary tests), oscillographic recordings of the following shall
1074 be taken:

1075 o the applied voltages;
1076 e the line currents
1077 e the current between tank and earth

1078 e the current through the grounded terminals

1079  The action of protective devices such as pressure relief device, gas and liquid actuated relay,
1080 sudden pressure relay shall be recorded.

1081 Furthermore, the outside of the transformer under test shall be observed visually and

1082 continuously video recorded. Documents
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1083 Note 1: Additional means of detection may be used to obtain information and improve the evaluation of the test event,
1084 such as recordings of noise and vibrations, recordings of oil pressure variations occurring at different locations inside
1085 the tank during short-circuit current flow, etc.

1086 After each test, the oscillograms taken during the test shall be checked, the gas-and-oil-
1087  actuated relay inspected and the short-circuit reactance measured. For three-phase
1088 transformers, the measured reactance shall be evaluated on a ‘per-phase’ basis, by direct
1089 measurement of the phase-to-neutral reactance in case of a star-connected winding with neutral
1090 or derived from three phase to phase measurements by a suitable method if no neutral is
1091 available.

1092 Note 1: Additional means of evaluation may be used to judge the result of the test, such as winding resistance
1093 measurements, low-voltage impulse testing techniques (for comparison between the oscillograms obtained in the
1094 original state and those after the test), analysis of frequency response spectrum, transfer function analysis, no-load
1095 current measurements and comparison of dissolved gas analysis results before and after test.

1096 Note 2: Any differences between the results of measurements made before and after the test may be used as a
1097 criterion for determining possible defects. It is particularly important to observe, during successive tests, possible
1098 changes in the short-circuit reactance measured after each test, which may be progressive or tending to vanish.
1099 Note 3: In order to detect turn-to-turn faults, it is advisable to perform short-circuit reactance measurements from the
1100 HV

1101 6.1.4 Test and calculation short-circuit current

1102  The test shall be performed with current holding maximum asymmetry as regards the phase
1103 under test.

1104 For test of the transformer the minimum current which shall be applied during the test sequence
1105 is equal to the highest value of the calculated peak current for each winding.

1106 For calculation of the stresses and the forces the current to be considered is the highest
1107 calculated value of the short-circuit current for all short-circuit cases in all windings.

1108 6.1.5 Test sequence
1109 6.1.5.1 General test sequence
1110  6.1.5.1.1 Common consideration

1111 The sequence of transformer test shall be as follow, the pass-fail criteria are listed in 6.1.8
1112 Other test may be added provided the following list and sequence is respected

1113 6.1.5.1.2 Category | Transformers

1114 ¢ Routine tests according to IEC 60076-1

1115 e Short-circuit current application according to the present document

1116 ¢ Routine tests according to IEC 60076-1 and dielectric type test according IEC 60076-3
1117 e Untanking and visual inspection according to 6.1.8

1118
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6.1.5.1.3 Category Il and lll Transformers
6.1.5.1.3.1 Sequence choice

Two alternative sequences can be performed upon specification.

6.1.5.1.3.2 Sequence 1 with dielectric test before visual inspection
a) Transformer routine test according to IEC 60076-1
b) Frequency response measurement according to
c) Short-circuit current application according to the present document.
)

d) Systematic verification

at least the following measurement shall be performed according to IEC 60076-1
e Measurement of winding resistance.
e Measurement of voltage ratio and check of phase displacement.

e Check of core and frame insulation for liquid immersed transformers with core or frame
insulation.

e Repeat frequency response measurement according to JEC 60076-18.
e Verification for transformers with Um > 72,5 kV:

— Measurement of D.C. insulation resistance between each winding to earth and
between windings.

— Measurement of dissipation factor (tan 8) of the insulation system capacitances.

— Measurement of dissolved gasses in dielectric liquid from each separate oil
compartment except diverter switch compartment.

e For transformer drained for transport:
the two following points are not in any specific order.

— routine and type dielectric tests according to IEC 60076-3 shall be performed.
— Internal inspection at disassembly facility through available access.
e For transformer transported fully assembled:
— routine and type dielectric tests according to IEC 60076-3 shall be performed.
e) Visual inspection of the active part according to 6.1.8.3

f) Transformer routine test according to IEC 60076-1 except dielectric routine and type tests
according to IEC 60076-3.
If all pass-fail criteria are met, then the transformer passed the short-circuit withstand test
at this stage.

g) Routine dielectric tests according to IEC 60076-3
h) Type and special prescribed tests other than dielectric shall be performed at this stage.
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1153  6.1.5.1.3.3 Sequence 2 with dielectric test after visual inspection

1154  a) Transformer routine test according to IEC 60076-1

1155 b) Frequency response measurement according to

1156 c) Short-circuit current application according to the present document.

1157  d) Systematic verification

1158 at least the following measurement shall be performed according to IEC 60076-1

1159 e Measurement of winding resistance

1160 e Measurement of voltage ratio and check of phase displacement

1161 e Check of core and frame insulation for liquid immersed transformers with core or frame
1162 insulation

1163 e Repeat frequency response measurement according to

1164 e Verification for transformers with Um > 72,5 kV

1165 — Measurement of D.C. insulation resistance between each winding to earth and
1166 between windings.

1167 — Measurement of dissipation factor (tan d) of the insulation system capacitances.
1168 — Measurement of dissolved gasses in dielectric liquid from each separate oil
1169 compartment except diverter switch compartment

1170 e For transformer drained for transport :

1171 — Internal inspection at disassembly facility through available access

1172 e) Visual inspection of the active part out of tank according to 6.1.8.3. During this phase no
1173 repair nor modifications are allowed

1174  f) Transformer routine test according to IEC 60076-1 except dielectric routine and type tests
1175 according to IEC 6076-3.

1176  g) Routine and type dielectric tests according to IEC 60076-3
1177 the transformer shall pass the routine dielectric test according IEC 60076-3 and fulfill all
1178 pass-fail criteria to be considered as having passed the short-circuit withstand test.

1179 h) Type and special prescribed tests other than dielectric shall be performed at this stage.
1180  6.1.5.2 Test of Transformers with two windings

1181 To obtain the initial peak value of the current (see 4.2.7) in the phase winding under test, the
1182 moment of switching on shall be adjusted by means of a synchronous switch.

1183 In order to check the values 7 and [ of the test currents, oscillographic records shall always be
1184 taken.

1185 In order to obtain the maximum asymmetry of the current in one of the phase windings, the
1186 switching-on shall occur at the moment the voltage applied to this winding passes through zero.

1187 Note 1: For star-connected windings, the maximum asymmetry is obtained by switching on when the phase voltage
1188 passes through zero. The factor k of the peak value 7 can be determined from oscillograms of the line currents. For
1189 three-phase tests on delta-connected windings, this condition is obtained by switching on when the line-to-line
1190 voltage passes through zero. One of the methods of determining the factor k is by switching on during the preliminary
1191 adjustment tests at a maximum of the line-to-line voltage. In this case, the factor & is found from oscillograms of the
1192 line currents.

1193  Another method for determining the phase current in a delta-connected winding is by suitably
1194 interconnecting the secondary windings of the current transformers measuring the line currents.
1195 The oscillograph can be set to record the phase currents.

1196 Note 2: For transformers with star-zigzag connection belonging to category | and with constant flux voltage variation

1197 having value for xt/ry < 3 (see 4.2.7), the three phases are switched on simultaneously without the use of a

1198 synchronous switch. For other transformers with star-zigzag connection, the method of switching onp j

1199 agreement between the manufacturer and the purchaser. rﬁélejﬁments
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1200 For three-phase transformers, a three-phase supply should be used, as long as the
1201 requirements in 4.2.5 and 4.2.7 can be met. If this is not the case, a single-phase supply, as
1202  described below, may be used. For delta-connected windings, the single-phase supply is
1203 provided between two corners of the delta and the voltage during the test shall be the same as
1204 the voltage between phases during a three-phase test. For star-connected windings, the single-
1205 phase voltage is supplied between one line terminal and the other two line terminals connected
1206  together. The single-phase voltage during the test shall be equal to V3/2 times the voltage
1207 between phases during the three-phase test.

1208 Examples of two possible single-phase test arrangements simulating the three-phase test are
1209  given in Figure 21and Figure 22.

O—
o ool 14
g nEn
I )
1210 IEC 2708/05
1211 Figure 21 — Star/delta connected transformer

1212 where

1213 Z is the test system impedance;

1214 S is the synchronous switch for a post-set short-circuit or rigid connection bar for a pre-set
1215 short-circuit

O
\L .
* [+
1216 IEC 2709/05
1217 Figure 22 — Star/star auto-transformer

1218 where

1219  Z, is the test system impedance;

1220 S is the synchronous switch for a post-set short-circuit or rigid connection bar for a pre-set
1221 short-circuit

1222 Note 1: The use of tests with single-phase supply applies mainly to transformers of category Il or Il and is seldom
1223 of interest for category | transformers.
1224 Note 2: For star-connected windings with non-uniform insulation, it is necessary to check whether or not the insulation
1225 of the neutral is sufficient for single-phase testing.
1226 Note 3: If, for star-connected windings, the power supply is insufficient for the single-phase testing described above
1227 and if the neutral is available, the manufacturer and the purchaser may agree upon the use of single-phase power
1228 supply between line terminal and the neutral, provided that the neutral is capable of carrying the relevant current.
1229 With this test arrangement, it might be convenient to mutually connect the corresponding terminals of the phases not
1230 submitted to test in order to better control their voltage, provided that this is feasible and the circuitry is correct.
1231
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1232  6.1.6 Test of Transformers with more than two windings
1233  6.1.6.1 General testing requirement

1234  Transformer shall have all their winding tested during the mechanical withstand test. This may
1235 require more than one test set up.

1236 Note 2: for more than two windings transformer the test laboratory limitation usually does not allow to supply from all
1237 the windings at the same time, and consequently the magnetic leakage field distribution will be different during test
1238 from actual in service.

1239  6.1.6.2 Short-circuit consideration for transformers with more than two windings and
1240 auto-transformers

1241 Various fault conditions may be considered for transformers with more than two windings and
1242 auto-transformers (see 4.2). In general, such conditions are of a more complex nature in
1243 comparison with the three-phase short-circuit which can be considered the reference case for
1244  two-winding transformers (see 4.2.5).

1245  Special testing circuits are often necessary in order to reproduce some of the fault events by
1246 means of tests. The choice of the test duties to be performed should be made, as a rule, on the
1247 basis of the analysis of the results of calculations of electrodynamic forces occurring in all
1248 possible fault cases.

1249  The testing arrangements, the current values, the sequence and the number of tests are always
1250  subject to agreement between the manufacturer and the purchaser.

1251 It is recommended that the tolerance on the agreed test current values and the duration of the
1252 tests be in line with those prescribed for two-winding transformers and that the test sequence
1253 be selected according to the expected increase of electrodynamic forces.

1254
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6.1.6.3 3 windings transformers
6.1.6.3.1 Transformer with stabilizing winding
6.1.6.3.1.1 General consideration

If a transformer is fitted with a delta connected winding with not more than one corner of the
delta brought out, even no short may occurs at is terminals, a current will flow in the delta during
single phase and two phase faults of the main windings.

The tertiary shall be tested for this circulating current. The test circuit and procedure are
subjected to agreement between the manufacturer and the user and the purchaser.

6.1.6.3.1.2 Examples of test circuits for three phase supply

Examples of test circuits are given in Figure 23 for three phase supply.

Primary Tertiary Secondary

-

1
1
1
2|0p |Ot 3'03 :
supply <« — <+ !
= =
lop lot
— —>
I o B - N S
|0p |01
S S S L S a—

Figure 23 — Example of three phase supply circuit

where

Z, is the test system impedance;

S is the synchronous switch for a post-set short-circuit or rigid connection bar for a pre-set
short-circuit;

Z  is the neutral impedance on secondary winding (if applicable);
is the zero sequence current in the primary winding;
is the zero sequence current in the secondary winding;

I, is the zero sequence current in the tertiary winding.

Note 1: The actual test current in the delta winding can be measured with temporary current sensors inserted in the
delta for test purposes only. This could be made either with temporary bushings brought out or current sensor placed
inside during manufacturing.

Note 2 If the three phase short-circuit is chosen, than special care might need to be taken to ensure that the actual
test current will not exceed the calculated value of the main windings.
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1281 6.1.6.3.1.3 Examples of test circuits for single phase supply

1282 Examples of test circuits are given in Figure 24 for single phase supply.

Primary Tertiary Secondary
P
2lop lot 3los
supply <«
o Z ] . = K H_H
lop ) lot
lop lot
—>
o z ] I b e
1283
1284 Figure 24 — Example of single phase supply circuit

1285 where
1286  Z_ is the test system impedance;

IEC CD 60076-5 © IEC 202X

1287 S is the synchronous switch for a post-set short-circuit or rigid connection bar for a pre-set

1288 short-circuit;
1289  Z,_ is the neutral impedance on secondary winding (if applicable);

1290 I, is the zero sequence current in the primary winding;
1291 1y, is the zero sequence current in the secondary winding;

1292 I, is the zero sequence current in the tertiary winding;

1293 Note 1: The actual test current in the delta winding can be measured with temporary current sensors inserted in the
1294 delta for test purposes only. This could be made either with temporary bushings brought out or current sensor placed
1295 inside during manufacturing.

1296 Note 2: If the three phase short-circuit is chosen, than special care might need to be taken to ensure that the actual
1297 test current will not exceed the calculated value of the main windings.

1298  6.1.6.3.2 Transformer with auxiliary winding

1299  The auxiliary winding shall be tested by using the same method as two windings transformers.
1300 The supply current shall be such as to simulate the actual short-circuit current for the auxiliary

1301 winding.

1302
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1303 6.1.6.3.3 Transformer with dual LV
1304 6.1.6.3.3.1 General

1305 A transformer is considered as having two LV if one of the winding have a rated power equal to
1306  or within the order of magnitude of the sum of the two others,

1307 For transformers where two LV winding are present the test shall include all the short-circuit
1308 cases that may appear. The test shall include HV against the two LV shorted simultaneously,
1309 and HV again each of the LV shorted the other one being left open.

1310 6.1.6.3.3.2 Transformer with two axially stacked LV

1311 For transformers with two axially stacked LV windings and one HV winding made of two axially
1312 stacked parallel-connected branches and if there is no intermediate yoke, then special
1313 considerations are necessary when carrying out the short-circuit test with only one of the two
1314 LV shorted.

1315 Because the LV windings are loosely coupled, even when only one secondary is shorted,
1316 current will flow in both branches of the HV winding including the one facing the open LV. This
1317 will result in much higher axial forces than if the current was flowing only in the HV branch
1318  facing the shorted LV.

1319 Therefore, in order to carry out a proper verification of the short-circuit withstand capability, the
1320 manufacturer shall consider the currents flowing in both branches of the HV winding when
1321 calculating forces associated to the short-circuit of a single LV.

1322 If the LV windings are placed next to the core, when only one of the LV is shorted, the portion
1323  of core limb facing the open LV will be magnetized by the flux imposed by the HV winding.

1324 If the short-circuit is preset then effective measures shall be taken to minimize the effects of
1325 ampere-turns unbalance.

1326 6.1.6.4 Transformers with four or more windings

1327 For transformers with four or more windings the number of tests required to cover all the winding
1328 combinations may become excessive. In this circumstance the number of tested winding
1329  combinations may be reduced provided the highest stresses on individual windings taking into
1330  account the possible fault scenarios are covered.

1331 6.1.7 Large or Special transformers

1332  If due to testing laboratory limitation or other reason the test can’t be performed according to
1333  this standard then the purchaser and the manufacturer shall agree on the tests parameters and
1334 procedure at the tender stage.

1335
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1336 6.1.8 Pass-fail criteria
1337 6.1.8.1 General Pass-fail criteria

1338 All the reactance measurements shall be to a repeatability of better than £ 0,2 %,

1339 If different tap positions are used on one phase (either of a single or a three phase transformer)
1340 then the reactance shall be measured after each application of full test current, on all the
1341 tapping positions at which short-circuit tests will be carried out.

1342 General principle is that the transformer should not trip under a short-circuit in service due to
1343  operation of protective device.

1344 After completion of the short-circuit currents applications, the outside of the transformer and
1345 the gas-and-oil-actuated relay, if any, shall be inspected. The results of the short-circuit
1346 reactance measurements and the oscillograms taken during the different stages of the tests
1347  shall be examined for any indication of possible anomalies during the tests, especially any
1348 indications of change in the short-circuit reactance.

1349 Note 1: At the end of the tests, if the windings are provided with tapping, the reactance should be measured for all
1350 the tapping positions at which the short-circuit tests have been carried out.

1351 Note 2: Generally, the short-circuit reactance variation should show a tendency to diminish in the course of the tests.
1352 There may also be a certain change of reactance with time after the tests. Hence, if there is a high variation of
1353 reactance exceeding the prescribed limits, based on measurements made immediately after the test, it may be
1354 prudent to repeat the measurements after an interval in order to check whether the variation is maintained. This last
1355 value of reactance is accepted as the final value when determining compliance with the requirements of the standard.

1356 After short-circuit tests the following procedures shall be applied.

1357 o All the routine tests, and dielectric type tests shall be performed. The dielectric test shall be
1358 performed at 100 % of the prescribed test value (see IEC 60076-3). Any special dielectric
1359 test specified by the purchaser shall also be performed after the short-circuit.

1360 e In order to consider the transformer as having passed the short-circuit test, the following
1361 conditions shall be fulfilled.

1362 — Theresults of the short-circuit tests and the measurements and checks performed during
1363 the tests do not reveal any fault conditions.

1364 — The dielectric tests including lightning impulse test even for transformer with
1365 Um < 72,5 kV and all other routine tests when applicable, have been successfully
1366 repeated.

1367 — The out-of-tank inspection does not reveal any defects such as displacements, shift of
1368 laminations, deformation of windings, connections or supporting structures, so
1369 significant that they might endanger the safe operation of the transformer.

1370 — No traces of internal electrical discharge or breakdown are found.

1371 — No operation of the pressure relief device or over pressure detection device, a leakage
1372 which did not cause the operation of either the visual indicator or the contact of the
1373 device is considered as acceptable.

1374 — No bushing failure occurs.

1375 — If gas collection device has operated: no significant combustible gases are detected
1376 either in oil or gas.

1377 — The short-circuit reactance values, in ohms, evaluated for each phase at the end of the
1378 tests, do not differ from the original values by more than the values prescribed in the
1379 following sections-

1380 Due to the difference between the configuration during test and on site, the operation of the
1381 protective device may not mean that the test is failed but this shall be investigated and
1382 appropriate corrective action agreed.
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1383 Temporary external sparks across metallic joints such as tank, tank cover, support structure,
1384  flanges etc...that are not intentionally insulated might occur due to induced current at the
1385  energizing and short-circuit stages.

1386 6.1.8.2 Reactance variation
1387  6.1.8.2.1 Category | and Il

1388 The short-circuit reactance values, in ohms, evaluated for each phase at the end of the tests
1389  do not differ from the original values by more than the following values.

1390 e 2 % for transformers with circular concentric coils and sandwich non-circular coils.
1391 e 4 % for transformers with rated power up to 10 000 kVA and with a short-circuit impedance

1392 of 3 % or more, where at least one of the windings of the tested winding pair is a circular
1393 foil winding. If the short-circuit impedance is less than 3 %, the above limit of 4 % is subject
1394 to agreement between the manufacturer and the purchaser

1395 e 7,5 % for transformers with non-circular concentric coils, having a short-circuit impedance
1396 of 3 % or more. The value of 7,5 % may be reduced by agreement between the manufacturer
1397 and the purchaser, but not below 4 %.

1398  When a transformer falls into more than one of the above categories, then the highest reactance
1399 variation shall apply.

1400 Note 1: For transformers with non-circular concentric coils having a short-circuit impedance below 3 %, the maximum
1401 variation in reactance cannot be specified in a general manner. Practical knowledge of certain types of construction
1402 leads to the acceptance for such transformers of a variation equal to (22,5 — 5,0 -Zt) %, Zt being the short-circuit
1403 impedance in per cent.

1404 Note 2: Transformers falling in the upper range of category Il and having highest voltage for equipment Uy not
1405 exceeding 52 kV deserve particular attention and may require an adjustment of the above reactance variation limit.
1406 Note 3: The variation of reactance after short-circuit may result in impedance value of a transformer not complying
1407 with the agreed guaranteed value.

1408 If any of the above conditions are not met, the unit shall be dismantled, as necessary, to
1409 establish the cause of the deviation.

1410  6.1.8.2.2 Category lll

1411 The short-circuit reactance values, in ohms, evaluated for each phase at the end of the tests
1412 do not differ from the original values by more than 1 %.

1413 Note 1:In connection with the economic impact of the cost of a transformer of category Il and the cost implication
1414 of any thorough visual inspection extended to the inner parts of the unit, it is recommended that a series of
1415 photographs be taken of the position of the winding leads, taps, alignment of spacers and configuration of the end-
1416 insulation components, etc. to allow accurate comparison of the parts before and after the tests. In this context, a
1417 check of the axial compression of the windings could be useful. By necessity, it is left to mutual agreement between
1418 the parties to accept the existence of small displacements and changes, provided that the service reliability of the
1419 transformer is not affected.

1420
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