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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 Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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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307 INTERNATIONAL ELECTROTECHNICAL COMMISSION

308

309

310 LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

31 Part 10: Semiconductor circuit-breakers

312

313 FOREWORD

314 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
315 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-
316 operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition

317 to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly
318 Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is

319 entrusted to technical committees; any IEC National Committee interested in the subject dealt with may participate
320 in this preparatory work. International, governmental and non-governmental organizations liaising with the IEC also
321 participate in this preparation. IEC collaborates closely with the International Organization for Standardization (1SO)
322 in accordance with conditions determined by agreement between the two organizations.

323 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international

324 consensus of opinion on the relevant subjects since each technical committee has representation from all interested
325 IEC National Committees.

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

329 misinterpretation by any end user.

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

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

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

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

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

345 International Standard IEC 60947-10 has been prepared by subcommittee 121A: Low-voltage
346  switchgear and controlgear, of IEC technical committee 121: Switchgear and controlgear and
347 their assemblies for low-voltage.

348  The text of this International Standard is based on the following documents:

FDIS Report on voting
121A/XX/EDIS 121A/XX/RVD

349

350 Full information on the voting for the approval of this International Standard can be found in the
351 report on voting indicated in the above table.

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

353  The committee has decided that the contents of this document will remain unchanged until the
354  stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
355 the specific document. At this date, the document will be
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356 e reconfirmed,
357 e withdrawn,
358 e replaced by a revised edition, or

359 e amended.

360

361 The National Committees are requested to note that for this document the stability date
362 is 20XX....

363 THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED
364 AT THE PUBLICATION STAGE.

365
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366 LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
367

368 Part 10: Semiconductor circuit-breakers

369

370 1 Scope

371 This part of IEC 60947 series applies to semiconductor circuit-breakers for protection, isolation
372 and switching intended to be connected to circuits, the rated voltage of which does not exceed
373 1000 VAC or 1500V DC.

374  This standard covers the following different types:

375 — Semiconductor Circuit-Breakers (SCCBs) have semiconductor switching elements and, for
376 isolation function mechanical switching elements connected in series.

377 — Semiconductor Hybrid Circuit-Breakers (SCHCBs) have semiconductor switching elements
378 and, for isolation function mechanical switching elements connected in series and have
379 mechanical switching elements in parallel to the semiconductor to reduce functional power.

380  This applies whatever the rated voltage, currents, the method of construction or the proposed
381 applications of the semiconductor circuit-breakers may be.

382  The document includes the requirements and test methods for:

383 — Protection;

384 — Isolation;

385 — the conditions with which semiconductor switching, protection and isolation devices shall
386 comply with reference to:

387 — operation and behaviour in normal service;

388 — operation and behaviour in case of overload and operation and behaviour in case of
389 short-circuit;

390 — dielectric properties;

391 — remote control;

392 — indication;

393 — electromagnetic compatibility;

394 — security;

395 — lifetime;

396 — the characteristics of semiconductor circuit breakers;

397 — tests intended for confirming that these conditions have been met and the methods to be
398 adopted for these tests;

399 — information to be marked on or given with the apparatus.

400 2 Normative references

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

405 AEC - Q101: Failure mechanism based stress test qualification for discrete semiconductors in
406 automotive applications
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407  |EC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

408  |EC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h +
409 12 h cycle)

410  |EC 60269-1:2008, Low-voltage fuses — Part 1: General requirements
411 IEC 60269-1:2006/AMD1:2009
412  |EC 60269-1:2006/AMD2:2014

413 IEC 60364 (all parts), Low-voltage electrical installations

414 IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems — Part 1:
415 Principles, requirements and tests

416 IEC 60947-1:2020, Low-voltage switchgear and controlgear — Part 1: General rules

417 EC 60947-4-1|, Low-voltage switchgear and controlgear — Part 4-1: Contactors and motor-
418 starters — Electromechanical contactors and motor-starters

419 EC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
420 current emissions (equipment input current <16 A per phase)

421 EC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
422 changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
423 with rated current <16 A per phase and not subject to conditional connection

424  |EC 61000-4-2:2008 Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
425 techniques — Electrostatic discharge immunity test

426  |EC 61000-4-3:2008, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
427 measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
428 IEC 61000-4-3:2006/AMD1:2007
429 IEC 61000-4-3:2006/AMD2:2010

430 |EC 61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
431 measurement techniques — Electrical fast transient/burst immunity test

432 |EC 61000-4-5:2014, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
433 measurement techniques — Surge immunity test
434  |[EC 61000-4-5:2014/AMD1:2017

435 |EC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
436  measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
437 fields

438 IEC 61000-4-11:2020 Electromagnetic compatibility (EMC) - Part 4-11: Testing and
439 measurement techniques — Voltage dips, short interruptions and voltage variations immunity
440 tests

441 IEC 61140:2016 Protection against electric shock — Common aspects for installation and
442 equipment

443 |EC 62475:2010, High-current test techniques — Definitions and requirements for test currents
444  and measuring systems
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CISPR 11, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement
CISPR 11:2015/AMD1:2016

CISPR 32:2015, Electromagnetic compatibility of multimedia equipment — Emission
requirements

JEDEC JESD22-A104, Temperature cycling

JEDEC JESD22-A105, Power and temperature cycling
JEDEC JESD22-A106, Thermal shock

JEDEC JESD22-A108, Temperature, bias, and operating life
JEDEC JESD22-B103, Vibration, variable frequency

JEDEC JESD47, Stress-test-driven qualification of integrated circuit

3 Terms, definitions, symbols and reference clauses

3.1 General

For the purposes of this document, the terms and definitions given in IEC 60947-1:2020, as
well as the following apply.

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

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

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

NOTE Where these definitions are taken unchanged from the International Electrotechnical Vocabulary (IEV),
IEC 60050-441, the reference to this publication is given in brackets.

3.2 General terms and definitions

3.21
Semiconductor circuit-breaker (SCCB)

protective device with semiconductor switching elements and, for isolation function mechanical
switching elements connected in series, capable of making, carrying and breaking currents
under normal circuit conditions and also making, carrying for a specified time and breaking
currents under specified abnormal circuit conditions such as those of short-circuit.

[SOURCE: IEC 60050-441:1984, 441-14-20, modified]

NOTE to entry: the term “solid state” is often used as a synonymous of “semiconductor”

3.2.2
Semiconductor hybrid circuit-breaker (SCHCB)

protective device with semiconductor switching elements and, for isolation function mechanical
switching elements connected in series and have additionally mechanical switching elements
in parallel to the semiconductor switching elements to reduce the functional power capable of
making, carrying and breaking currents under normal circuit conditions and also making,
carrying for a specified time and breaking currents under specified abnormal circuit conditions
such as those of short-circuit.
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483  [SOURCE: IEC 60050-441:1984, 441-14-20, modified]

484 3.2.3
485 Frame size

486  aterm designating a group of semiconductor circuit-breakers, the external physical dimensions
487 of which are common to a range of current ratings.

488 NOTE 1 to entry: Frame size is expressed in amperes corresponding to the highest current rating of the group.
489 NOTE 2 to entry: Within a frame size, the width may vary according to the number of poles.

490 NOTE 3 to entry: This definition does not imply dimensional standardization.
491 3.24
492  Construction break

493  a significant difference in construction between semiconductor circuit-breakers of a given frame
494 size, requiring additional type testing

495  3.2.5
496 Plug-in semiconductor circuit-breaker

497 a device which, in addition, has a set of contacts which enable the semiconductor circuit-
498 breakers to be removed

499 3.2.6
500 Withdrawable semiconductor circuit-breaker

501 device which has a set of isolating contacts which enable the semiconductor circuit-breakers to
502  be withdrawn from the main circuit, and, in the disconnected position, to achieve an isolating
503  distance in accordance with specified requirements

504 3.2.7
505 non moulded-case circuit-breaker

506 CB with components enclosed in a dedicated cabinet or enclosure

507 3.2.8
508 Moulded-case semiconductor circuit-breaker

509  a device having a supporting housing of moulded insulating material
510 [SOURCE: IEC 60050-441:1984, 441-14-24]

511 3.2.9
512 Remote control function

513 allows a semiconductor circuit-breaker to be controlled other than by hand

514 3.2.10
515 Short-circuit release function

516 an over-current release intended for protection against short circuits.

517 3.2.11
518 Closing release function

519 a release, energized by a source of voltage, which triggers the closing of the circuit-breaker

520 3.2.12
521 Short-circuit breaking (or making) capacity

522 a breaking (or making) capacity for which the prescribed conditions include a short gjrcuit
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3.2.13
Ultimate short-circuit breaking capacity

a breaking capacity for which the prescribed conditions according to a specified test sequence
do not include the capability of the circuit-breaker to carry its rated current continuously

3.2.14
Service short-circuit breaking capacity

a breaking capacity for which the prescribed conditions according to a specified test sequence
include the capability of the circuit-breaker to carry its rated current continuously

3.2.15

Break time

Interval of time between the specified instant of initiation of the breaking operation and the instant
when the current is equal or lower than the maximum leakage current in stand-by state.

NOTE 1 to entry:

—in the case of breaking due to overcurrent, the instant of initiation of the breaking operation is the instant of initiation
of a current large enough to cause the circuit-breaker to operate;

— in the case of breaking due to any form of external command, the instant of initiation of the breaking operation is
the instant of application of the command.

NOTE 2 to entry: at the end of the breaking operation the circuit-breaker is not in OPEN state.

NOTE 3 to entry: for semiconductor Circuit-Breakers (SCCBs), the breaking operation does not involve any
mechanical separation of contacts.

3.2.16
Opening time

Interval of time between the specified instant of initiation of the breaking operation and the
instant of initiation of steady decay of the current.

NOTE to entry: the instant of initiation of the breaking operation is the same as for Break time.
3.2.17
Commitment time

Interval of time between the specified instant of initiation of the breaking operation and the
instant of initiation of the turn-off of the power semiconductor.

NOTE to entry: the instant of initiation of the breaking operation is the same as for Break time.
3.2.18
Interrupting time

Interval of time between the specified instant of the initiation of the turn-off of the power
semiconductor and the instant when the current is equal or lower than the maximum leakage
current in stand-by state.

3.2.19
Isolation time

Interval of time between the specified instant of the initiation of the breaking operation and the
instant when the circuit-breaker is in open state.

3.2.20
Isolation contacts

Mechanical contacts ensuring the suitability for isolation of the semiconductor circuit-breaker
or the semiconductor hybrid circuit-breaker.
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567  3.2.21
568 Parallel mechanical contacts
569  of a SCHCB mechanical switching elements in parallel to the power semiconductor

570  3.2.22
571  Rated instantaneous short-circuit current setting J;

572  rated value of the current causing the operation of a release without any intentional time-delay

573  3.2.23
574  Overload current setting I,

575  current setting of an adjustable overload release

576 NOTE 1 to entry: In case of a non-adjustable overload release, this value is equal to the rated current 7 .

577 3.2.24 void

578  3.2.25
579  Open state

580 position (or state) in which the predetermined dielectric withstand voltage requirements are
581 satisfied between open contacts in the main circuit of the device

582 NOTE to entry: in the case of a semiconductor hybrid circuit-breaker, the contacts in the main circuit of the device
583 are the isolation contacts

584  3.2.26
585 Closed position

586 Position in which the predetermined continuity of the main circuit of the circuit breaker is
587 secured by having closed mechanical contacts and having the semiconductor in a conduction
588  position (low-resistance condition).

589 In this position the operating means and / or the indicator (if present) show the closed position
500  with “I”

591 3.2.27
592  Stand-by position

593  Position (or state) in which:

594 — The isolation contacts are in closed position.

595 — The power semiconductor is switched off, and the parallel mechanical contacts opened for
596 SCHCBs

597  3.2.28

598 Power semiconductor
599 Semiconductor component used to conduct and interrupt the current in the main circuit in a
600 SCCB, and to interrupt the current in the main circuit in a SCHCB.

601 3.2.29
602 Leakage current
603 <of a SCCB or a SCHCB in stand-by state>

604  electric current through each pole in stand-by state under a defined voltage and testing
605  conditions

606 4 Classification

607 4.1 According to type
608 — Semiconductor circuit-breaker (SCCB), see 3.2.1
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— Semiconductor hybrid circuit-breaker (SCHCB), see 3.2.2

4.2 According to their selectivity category
Sec Note: to be further discussed

4.3 According to the method of controlling the operating mechanism:

Sec Note: NCs are invited to make a proposal in regards of this classification

44  According to operation on fault conditions
— Following a fault, going into the open position

— Following a fault, going into stand-by

45 According to the design
— Moulded case,
— Panel dependant design (to be defined)

46 According to the method of controlling the operation
— with remote operation

— without remote operation.

4.7 According to the provision for maintenance:
— maintainable;

— non-maintainable.

4.8 According to the provision for software upgrade of embedded software
— on site
— remotely

— hone

49 According to the method of installation
— fixed;
—  plug-in;
— withdrawable.
410 According to communication method and security (to be defined)
— no communication;

— with communication (e.g. for parametrization, operating actions, measuring...)

411 According to the lifetime in service

Sec Note: To be further discussed. Need to identify the relevant test methods to be applied to the components of the
SCCBs.

412 According to the functional supply

— Self powered by the current (functionally independent of an external supply or of the line
voltage)

— Self powered by the voltage
— Powered by an external supply
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413 According to the degree of protection provided by the enclosure (see 8.1.12 of
IEC 60947-1:2020)

414 According to the direction of current flow and protection

4.14.1 Circuit-breakers protecting only in one direction of current, and enabling the
current only in that direction

1["/”‘—

Figure 1 — Unidirectional protection, unidirectional current flow

4.14.2 Circuit-breakers protecting only in one direction of current, and enabling the
current in both directions

¢

X

Figure 2 — Unidirectional protection, bidirectional current flow

4.14.3 Circuit-breakers protecting in both directions of current, and enabling the
current in both directions

VN

Figure 3 — Bidirectional protection, bidirectional current flow

415 According to the existence of a stand-by state
— With a stand-by state
— Without stand-by state

5 Characteristics of semiconductor circuit-breaker

5.1 Summary of characteristics

The characteristics of a semiconductor circuit-breaker shall be stated in terms of the following,
as applicable:

— type of circuit-breaker (5.2);

— rated and limiting values of the main circuit (5.3);

— selectivity categories (5.4);

— control circuits (5.5);

— auxiliary circuits (5.6);

— releases (5.7);

— integral fuses (integrally fused circuit-breakers) (XiX). Documents
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5.2 Type of circuit-breaker
The following shall be stated:

— type of semiconductor circuit-breaker (see 4.1);
— direction of current flow and protection per pole (see 4.14)
— number of poles;

— kind of current (AC or DC) and, in the case of AC, number of phases and rated frequency.
53 Rated and limiting values of the main circuit
5.3.1 General

The rated values established for a semiconductor circuit-breakers shall be stated in accordance
with 5.3.2 to 5.5, but it is not necessary to establish all the rated values listed.

5.3.2 Rated voltages

5.3.2.1 Rated operational voltage (U,)
Subclause 5.3.1.1 of IEC 60947-1:2020 applies with the following amplification:

— Circuit-breakers covered by clause 5.3.1.1 item a) of IEC 60947-1:2020.

U, is generally stated as the voltage between phases.

NOTE 1 In Canada and the USA, the rated operational voltage Ue is stated as

a) the voltage between phases and earth, together with the voltage between phases (for example 277 V/480 V) for
three-phase four-wire neutral earthed systems;

b) the voltage between phases (for example 480 V) for three-phase three-wire unearthed or impedance earthed
systems.

Circuit-breakers for unearthed or impedance earthed systems (IT) require additional tests according to
Annex H.

— Circuit-breakers covered by clause 5.3.1.1 item b) of IEC 60947-1:2020.

These circuit-breakers require additional tests according to Annex C.

Ue shall be stated as the voltage between phases preceded by the letter C.

NOTE 2 According to present practice in Canada and the USA, circuit-breakers covered by clause 5.3.1.1 item b) of
IEC 60947-1:2020 are identified by the voltage between phases only.

5.3.2.2 Rated insulation voltage (U;)

Subclause 5.3.1.2 of IEC 60947-1:2020 applies.

5.3.2.3 Rated impulse withstand voltage (Uimp)

Subclause 5.3.1.3 of IEC 60947-1:2020 applies.

5.3.3 Currents

5.3.3.1 Conventional free-air thermal current (/)
Subclause 5.3.2.1 of IEC 60947-1:2020 applies.
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713 5.3.3.2 Conventional enclosed thermal current (/)

714 Subclause 5.3.2.2 of IEC 60947-1:2020 applies.

715 5.3.3.3 Rated current (1,,)

716 For semiconductor circuit-breakers, the rated uninterrupted current (7,) (see 5.3.2.4 of
717 IEC 60947-1:2020) is equal to the conventional free-air thermal current (f;;,).

718 5.3.4 Rated frequency
719 Subclause 5.3.3 of IEC 60947-1:2020 applies.

720 5.3.5 Rated duty
721 The rated duties considered as normal are:

722 — the eight-hour duty (see 5.3.4.1 of IEC 60947-1:2020),
723  — the uninterrupted duty (see 5.3.4.2 of IEC 60947-1:2020).

724 5.3.6 Short-circuit characteristics

725  5.3.6.1 Rated short-circuit making capacity (/)

726  The rated short-circuit making capacity of a circuit-breaker is the value of short-circuit making
727 capacity assigned to that circuit-breaker by the manufacturer for the rated operational voltage
728  at rated frequency and at a specified power factor for AC, or time constant for DC. It is
729 expressed as the maximum prospective peak current.

730 For AC, the rated short-circuit making capacity of a circuit-breaker shall be not less than its
731 rated ultimate short-circuit breaking capacity, multiplied by the factor n of Table 1 (see 5.3.6.3).

732 For DC, the rated short-circuit making capacity of a circuit-breaker shall be not less than its
733 rated ultimate short-circuit breaking capacity.

734 A rated short-circuit making capacity implies that the circuit-breaker shall be able to make the
735 current corresponding to that rated capacity at the appropriate applied voltage related to the
736 rated operational voltage.

737 5.3.6.2 Rated short-circuit breaking capacities
738 5.3.6.2.1 General

739  The rated short-circuit breaking capacities of a circuit-breaker are the values of short-circuit
740 breaking capacity assigned to that circuit-breaker by the manufacturer for the rated operational
741 voltage, under specified conditions.

742 NOTE A circuit-breaker in accordance with this standard is able to break phase-to-phase, phase-to-earth and phase-
743 to-neutral short-circuits

744 A rated short-circuit breaking capacity requires that the circuit-breaker shall be able to break
745 any value of short-circuit current up to and including the value corresponding to the rated
746 capacity at a power-frequency recovery voltage corresponding to the prescribed test voltage
747 values and:

748 for AC, at any power factor not less than that of

749 — Table 16 — (see 9.3.3.2.4);
750 — for DC, with any time constant not greater than that Table 16 (see 9.3.3.2.5). Documents
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751 For power-frequency recovery voltages in excess of the prescribed test voltage values (see
752 9.3.3.2.6), no short-circuit breaking capacity is guaranteed.

753 For AC, the circuit-breaker shall be capable of breaking a prospective current corresponding to its

754 rated short-circuit breaking capacity and the related power factor given in Table 16, irrespective of the
755 value of the inherent DC component, on the assumption that the AC. component is constant.

756 The rated short-circuit breaking capacities are stated as:

757  — rated ultimate short-circuit breaking capacity /. ;
758  — rated service short-circuit breaking capacity /.
759

760 5.3.6.2.2 Rated ultimate short-circuit breaking capacity (I.,)

761 The rated ultimate short-circuit breaking capacity of a circuit-breaker is the value of ultimate
762  short-circuit breaking capacity (see 3.2.13) assigned to that circuit-breaker by the manufacturer
763  for the corresponding rated operational voltage, under the conditions specified in 9.3.6. It is
764  expressed as the value of the prospective breaking current, in kA.

765 5.3.6.2.3 Rated service short-circuit breaking capacity (I.s)

766 The rated service short-circuit breaking capacity of a circuit-breaker is the value of service
767 short-circuit breaking capacity (see 3.2.14) assigned to that circuit-breaker by the manufacturer
768 for the corresponding rated operational voltage, under the conditions specified in 9.3.5. It is
769  expressed as a value of prospective breaking current, in kA, or as a % of I, (for example

770 I =25 % 1)
771 I.g shall be at least equal to 25 % of /.

772 5.3.6.3 Standard relationship between short-circuit making and breaking capacities
773 and related power factor, for AC circuit-breakers

774  The standard relationship between short-circuit breaking capacity and short-circuit making
775  capacity is given in Table 1.

776 The rated short-circuit making and breaking capacities are only valid when the circuit-breaker
777 is operated in accordance with the requirements of 8.2.1.1 and 8.2.1.2.

778 For special requirements, the manufacturer may assign a value of rated short-circuit making
779  capacity higher than that required by Table 1. Tests to verify these rated values shall be the
780  subject of agreement between manufacturer and user.

781 5.4  Selectivity categories
782 Sec Note: to be further discussed
783 55 Electrical Control Circuits

784  Subclause 5.5.1 of IEC 60947-1:2020 applies, with the following addition:

785  If the rated control supply voltage is different from that of the main circuit, it is recommended
786  that its value be chosen from Table 3.

787 5.6  Auxiliary Circuits

788 Subclause 5.6 of IEC 60947-1:2020 applies.
Documents
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57 Releases
5.7.1 Release functions

For the purpose of this document, the following types of releases are considered:
1) Shunt release function

2) Over-current release function:

a) instantaneous;
a) definite time delay;
b) inverse time delay:
— independent of previous load;
— dependent on previous load (for example thermal type release).

NOTE 1 The term "overload release" is used to identify over-current releases intended for protection against
overloads (see ”3.6.31 of IEC 60947-1:2020). The term "short-circuit release" is used to identify over-current
releases intended for protection against short circuits (see 3.2.10).

NOTE 2 The term "adjustable release" used in this standard also includes interchangeable releases.

3) Undervoltage release function (for opening);
4) Closing release function;

5) Remote release function;

6) Other releases function.

5.7.2 Characteristics

The following characteristics shall be considered:

1) shunt release and undervoltage release (for opening), and closing release:

— rated control circuit voltage (U,.);
— kind of current;
— rated frequency, if AC;

2) over-current release:

— rated current (1,);

— kind of current;

— rated frequency, if AC;

— current setting (or range of settings);

— time setting (or range of settings) if applicable.

The rated current of an over-current release is the value of current (RMS. if AC) corresponding
to the maximum current setting which it shall be capable of carrying under the test conditions
specified in 9.3.3.5, without the temperature-rise exceeding the values specified in Table 6.

5.7.3 Current setting of over-current releases

For circuit-breakers fitted with adjustable releases (see Note 2 to 5.7.1, item 2), the current
settings shall be marked on the release, or displayed on the screen of the release, oﬁg&lﬂﬁqents
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825 on screen of an external device connectable to the release. The information may be either
826  directly in amperes or as a multiple of the current value. Means shall be provided by the
827 manufacturer to read the display or the external device regardless of the status of the circuit-
828 breaker. When applicable, the manufacturer shall specify the characteristics of the external
829  device.

830  For circuit-breakers fitted with non-adjustable releases, the marking may be on the circuit-
831 breaker. If the operating characteristics of the overload release comply with the requirements
832  of Table 5, it will be sufficient to mark the circuit-breaker with its rated current (In).

833 The current settings may be adjusted through an external (local or remote) device connectable
834 to the release, in which case either local setting indications shall not be exceeded, or a local
835 indication shall show that the settings are controlled remotely. The manufacturer shall provide
836 means to the testing laboratory to ensure settings do not change during type tests.

837 In the case of indirect releases operated by current transformers, the marking may refer either
838 to the primary current of the current transformer through which they are supplied, or to the
839 current setting of the overload release. In either case, the ratio of the current transformer shall
840 be stated.

841 Unless otherwise specified:

842  — the operating value of overload releases other than those of the thermal type is
843 independent of the ambient air temperature within the limits of -5 °C to +40 °C;

844  — for releases of the thermal type, the values stated are for a reference temperature of
845 +30 °C +2 °C. The manufacturer shall be prepared to state the influence of variations in the
846  ambient air temperature (see 8.2.1.2.4, item b)).

847 5.7.4 Tripping time setting of over-current releases

848 The tripping time shall be stated as follows, depending on the type of over-current release:

849 1) Definite time-delay over-current releases

850 The time-delay of such releases is independent of the over-current. The tripping time

851 setting shall be stated as the duration in seconds of the opening time of the circuit-

852 breaker, if the time-delay is not adjustable, or the extreme values of the opening time, if

853 the time-delay is adjustable.

854 2) Inverse time-delay over-current releases

855 The time-delay of such releases is dependent on the over-current.

856 The time/current characteristics shall be given in the form of curves supplied by the

857 manufacturer. These shall indicate how the opening time, starting from the cold state,

858 varies with current within the range of operation of the release. The manufacturer shall

859 indicate, by suitable means, the tolerances applicable to these curves.

860 These curves shall be given for each extreme value of the current setting and, if the time

861 setting for a given current setting is adjustable, it is recommended that they be given in

862 addition for each extreme value of the time setting.

863 It is recommended that the current be plotted as abscissa and the time as ordinate, using

864 logarithmic scales. Furthermore, in order to facilitate the study of co-ordination of different

865 types of over-current protection, it is recommended that the current be plotted as multiples
Documents
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866 of the setting current and the time in seconds on the standard graph sheets detailed in
867 5.6.1 of JEC 60269-1:2008.

868 6 Product information

869 6.1 Nature of the information

870  Subclause 6.1 of IEC 60947-1:2020 applies, as far as appropriate for a particular design.

871 In addition, the manufacturer shall make available, upon request, information concerning typical
872  functional power for the various frame sizes (see 3.2.3). See Annex G.

873 6.2 Marking

874 Each circuit-breaker shall be marked in a durable manner; data to be provided and
875 corresponding locations are indicated in Table 4.

876 6.3 Instructions for installation, operation and maintenance instructions,
877 decommissioning and dismantling

878 Subclause 6.3 of IEC 60947-1:2020 applies with the following addition:

879 Additional information for the decommissioning and dismantling of the circuit-breaker shall be
880 provided to the user in the case of a foreseeable hazardous condition, for example due to stored
881 energy or hazardous substances.

82 7 Normal service, mounting and transport conditions
883 Clause 7 of IEC 60947-1:2020 applies with the following addition:
884 Pollution degree (see 7.1.3.2 of IEC 60947-1:2020).

885 Unless otherwise stated by the manufacturer, a circuit-breaker is intended for installation under
886  environmental conditions of pollution degree 3.

887 8 Constructional and performance requirements

888 8.1 Constructional requirements
889  8.1.1 General
890 Subclause 8.1 of IEC 60947-1:2020 applies with the following modifications:

891 a) Where, in 8.1.2.2 of IEC 60947-1:2020, the test temperature is to be specified, the value

892 required by this document for the parts necessary to retain in position current-carrying parts
893 is 960 °C for the main circuit and 850 °C for the other circuits.

894 NOTE “other circuits” cover control circuits (5.5), auxiliary circuits (5.6) and releases (5.7)

895 b) The requirements of 8.1.2 of IEC 60947-1:2020 do not apply to parts with a mass lower than
896 2 g (insignificant mass, in accordance with 3.14 of |EC 60695-2-11:2014). For products
897 containing more than one small part, the total mass of non-tested parts located within 3 mm
898 of each other shall not exceed 10 g.

899 NOTE this distance of 3 mm is defined in 30.2 of IEC 60335-1:2020

900  When aluminium conductors are to be used, Annex D applies.
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901 NOTE Guidance for the development of embedded software is offered in |JEC TR 63201

902 It shall be possible to operate the circuit-breaker manually.

903 8.1.2 Withdrawable circuit-breakers

904 In the disconnected position, the isolating contacts of the main circuit and, where applicable,
905  auxiliary circuits of withdrawable circuit-breakers shall have isolating distances which comply
906  with the requirements specified for the isolating function, taking account of manufacturing
907  tolerances and changes in dimensions due to wear.

908  The withdrawable mechanism shall be fitted with a reliable indicating device which indicates
909 unambiguously the positions of the isolating contacts.

910 The withdrawable mechanism shall be fitted with interlocks which only permit the isolating
911 contacts to be separated or reclosed when the main contacts of the circuit-breaker are open.

912 In addition, the withdrawable mechanism shall be fitted with interlocks which only permit the
913  main contacts to be closed

914 - when the isolating contacts are fully closed, or

915  — when the specified isolating distance is achieved between the fixed and moving parts of
916  the isolating contacts (disconnected position).

917  When the circuit-breaker is in the disconnected position, means shall be provided to ensure
918  that the specified isolating distances between the isolating contacts cannot be inadvertently
919 reduced.

920 8.1.3 Requirements for isolation function

921 Subclause 8.1.7 of IEC 60947-1:2020 applies.
922 For additional requirements concerning performance, see 8.2.6.

923 For equipment provided with actuator or indicator for “control position” or “standby position”,
924 which are not the indicated open position, those positions shall be clearly identified as given in
925  Annex A. The marking of such positions shall not include the symbol “O”.

926 8.1.4 Clearances and creepage distances

927 Minimum values are given in Table 13 of IEC 60947-1:2020 and in Table 15 of IEC 60947
928  1:2020.

929 For Uimp values exceeding the values given in Table 13 of IEC 60947-1:2020, clearances shall
930  be obtained from Table F.2 of IEC 60664-1:2020.

931 8.1.5 Requirements for the safety of the operator

932 There shall be no path or opening which allows incandescent particles to be discharged from
933  the area of the manual operating means.

934 Compliance is checked by the provisions of 9.3.3.6.1, item b).

935 8.1.6 List of construction breaks

936  Circuit-breakers of a given frame size are considered to have a construction break (see 3.2.4)
937 if any one of the following features are not the same: ocuments
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— material, finish and dimensions of internal current-carrying parts, admitting, however, the
variations listed in a), b), c), f) and g) below;

— size, material, configuration and method of attachment of the isolation contacts and/or
parallel mechanical contacts ;

— any integral manual operating mechanism, its materials and physical characteristics;
— moulding and insulating materials;

— the characteristics of the power semiconductor (including principle of operation, materials,
supplier) and its control circuit ;

— the basic design of the over-current tripping devices, admitting, however, the variations
detailed in a), b) and c) below.

Variations in the following do not constitute a construction break:

a) dimensions of terminals, provided that creepage and clearance distances are not reduced;

b) in the case of thermal and magnetic releases those dimensions and materials of the release
components, including flexible connections, which determine the current rating;

c) secondary windings of current transformer operated releases;
d) external operating means, additional to the integral operating means;
e) type designation and/or purely aesthetic features (e.g. labels);

f) difference in embedded software (firmware) in electronic trip units, which has no impact on
the required performance, in particular the tripping function;

g) electronic trip unit hardware, due to omitted components on identical printed circuit board
layout (e.g. rotary knobs, display, etc.).

8.1.7 Additional requirements for circuit-breakers provided with a neutral pole

Subclause 8.1.9 of IEC 60947-1:2020 applies with the following addition:

8.1.8 Digital inputs and outputs for use with programmable logic controllers (PLCs)

Annex S of IEC 60947-1:2020 applies. For the purposes of this standard, this requirement
does not apply to digital inputs and outputs dedicated to devices other than PLCs.

8.1.9 Indication of the Stand-by position
8.1.9.1 General

Indication of the stand-by position is verified in accordance with SEBX

8.1.9.2 Devices without stand-by position indication

Stand-by position is not indicated.

8.1.9.3 Devices with stand-by position indication

Documents

Document Sharing Hub

Full document details: 22/30430766 DC


http://www.avadocuments.com/doc/22-30430766-dc
http://www.avadocuments.com/doc/22-30430766-dc

IEC CD 60947-10 © IEC 2022 27 121A/489/CD
972 8.2 Information of booting and/or queries to e.g. thermal memory. Performance
973 requirements
974  8.2.1 Operating conditions
975  8.2.1.1 Closing
976  8.2.1.1.1 General

977 For a circuit-breaker to be closed safely on to the making current corresponding to its rated
978 short-circuit making capacity, it is essential that it should be operated with the same speed and
979 the same firmness as during the type test for proving the short-circuit making capacity, if
980 applicable.

981 Sec Note: NCs are invited to make a proposal in regard to the operating mechanism.
982  8.2.1.2 Opening
983 8.2.1.21 General

984 Semiconductor circuit-breakers shall return to and remain in stand-by or in open position (see
985  4.4), when the opening (i.e. tripping) operation is initiated after the initiation of the closing
986 operation, even if the closing command is maintained.

987  Semiconductor circuit-breakers shall have their energy for the tripping operation stored
988 automatically prior to the completion of the closing operation.

989 8.2.1.2.2 Opening by undervoltage release function

990  Subclause 8.2.1.3 of IEC 60947-1:2020 applies.

991 8.2.1.2.3 Opening by shunt releases function

992  Subclause 8.2.1.4 of IEC 60947-1:2020 applies.

993 8.2.1.2.4 Opening by over-current function
994  a) Opening under short-circuit conditions

995 The short-circuit release shall cause tripping of the circuit-breaker with an accuracy of
996 +20 % of the tripping current value of the current setting for all values of the current setting
997 of the short-circuit current release.

998 Where necessary for over-current co-ordination (SEEIXSMI the manufacturer shall provide
999 information (usually curves) showing:

1000 — maximum cut-off (let-through) peak current (see 3.7.21 of IEC 60947-1:2020) as a
1001 function of prospective current (RMS symmetrical);

1002 Conformity with this information may be checked during the relevant type tests in test
1003 sequences Il and lll (see 9.3.6).

1004 NOTE 1 It is possible to provide other forms of data to verify co-ordination characteristics of circuit-breakers, for
1005 example, tests on combinations of short-circuit protective devices.

1006 b) Opening under overload conditions

1007 1) Instantaneous or definite time-delay operation

1008 The release shall cause tripping of the circuit-breaker with an accuracy of +10 % of the

1009 tripping current value of the current setting for all values of current setting of the overload

1010 release.

1011 2) Inverse time-delay operation

1012 Conventional values for inverse time-delay operation are given in Table 5.

1013 At the reference temperature (see 5.7.3) and at 1,05 times the current setting (see 3.6.38

1014 of IEC 60947-1:2020), i.e. with the conventional non-tripping current (seb3.7.30 of
ocuments
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1015 IEC 60947-1:2020), the opening release being energized on all phase poles, tripping
1016 shall not occur in less than the conventional time (see 3.7.30 of IEC 60947-1:2020) from
1017 the cold state, i.e. with the circuit-breaker at the reference temperature.

1018 Moreover, when at the end of the conventional time the value of current is immediately
1019 raised to 1,30 times the current setting, i.e. with the conventional tripping current (see
1020 3.7.31 of IEC 60947-1:2020), tripping shall then occur in less than the conventional time
1021 later.

1022 NOTE 2 The reference temperature is the ambient air temperature on which the time-current characteristic of the

1023 circuit-breaker is based.

1024 If a release is declared by the manufacturer as substantially independent of ambient
1025 temperature, the current values of Table 5 shall apply within the temperature band declared by
1026  the manufacturer, within a tolerance of 0,3 % /K.

1027 The width of the temperature band shall be at least 10 K on either side of the reference
1028 temperature.

1029 8.2.2 Temperature-rise
1030 8.2.21 Temperature-rise limits

1031 The temperature-rises of the several parts of a circuit-breaker, measured under the conditions
1032  specified in 9.3.3.5, shall not exceed the limiting values stated in Table 6 during the tests made
1033  in accordance with 9.3.4.9. The temperature-rises of the terminals shall not exceed the limiting
1034  values stated in Table 6 during the tests made in accordance with 9.3.5.5 and 9.3.7.4.

1035 8.2.2.2 Ambient air temperature

1036 The temperature-rise limits given in Table 6 are applicable only if the ambient air temperature
1037 remains within the limits given in 7.1.1 of IEC 60947-1:2020.

1038 8.2.2.3 Main circuit

1039  The main circuit of a circuit-breaker, including the over-current releases which may be
1040 associated with it, shall be capable of carrying its rated current I,,, under the conditions of

1041 Clause 9, without the temperature-rises exceeding the limits specified in Table 6.
1042 8.2.2.4 Electrical control circuits

1043  The control circuits, including control circuit devices, used for the closing and opening
1044 operations of a circuit-breaker, shall permit the rated duty, as specified in 5.3.5, and also the
1045  temperature-rise tests under the test conditions specified in 9.3.3.5, to be made without the
1046 temperature rises exceeding the limits specified in Table 6.

1047 The requirements of this subclause shall be verified on a new circuit-breaker. Alternatively, at
1048  the discretion of the manufacturer, the verification may be made during the temperature-rise
1049 test of 9.3.4.9.

1050 8.2.2.5 Auxiliary circuits

1051 Auxiliary circuits, including auxiliary devices, shall be capable of carrying their conventional
1052 thermal current without the temperature-rises exceeding the limits specified in Table 6 when
1053 tested in accordance with 9.3.3.5.

1054 8.2.3 Dielectric properties
1055 8.2.3.1 General

1056  Subclauses 8.2.3.1 a) and 8.2.3.1 b) of IEC 60947-1:2020 apply Documents
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1057 Type tests shall be made in accordance with 9.3.4.3.

1058 The verification of dielectric withstand during all test sequences shall be made in accordance
1059  with 9.3.4.8.

1060 Routine tests shall be made in accordance with 9.4.6.

1061 8.2.3.2 Impulse withstand voltage

1062  Subclause 8.2.3.2 of IEC 60947-1:2020 applies.

1063 For circuit-breakers rated above 1 000 V AC, the impulse withstand voltage shall be agreed
1064 between the manufacturer and the user but shall not be less than the corresponding values for
1065 1000V AC.

1066  8.2.3.3 Power-frequency withstand voltage of the main, auxiliary and control circuits

1067 Power-frequency tests are used in the following cases:

1068 — dielectric tests as type tests for the verification of solid insulation;

1069 — dielectric withstand verification, as a criterion of failure, after switching or short-circuit
1070 type tests;

1071 — routine tests.

1072 8.2.3.4 Clearances

1073 Subclause 8.2.3.4 of IEC 60947-1:2020applies.

1074  8.2.3.5 Creepage distances

1075 Subclause 8.2.3.5 of IEC 60947-1:2020 applies.

1076 8.2.3.6 Solid insulation

1077 Solid insulation shall be verified by either power-frequency tests, in accordance with 9.3.3.4.1,
1078 item 3) of IEC 60947-1:2020, or DC tests (test voltages for DC tests are under consideration).

1079 For the purposes of this standard, control and auxiliary circuits incorporating solid-state devices
1080  and bridging the solid insulation of the main circuits shall be disconnected for the tests.

1081 8.2.3.7 Spacing between separate circuits

1082  Subclause 8.2.3.7 of IEC 60947-1:2020 applies.

1083 8.2.4 Ability to make and break under no load, normal load and overload conditions
1084  8.2.4.1 Overload performance

1085 This requirement applies to circuit-breakers of rated current up to and including 630 A.

1086  The circuit-breaker shall be capable of carrying out the number of operating cycles with current
1087 in the main circuit exceeding its rated current, under the test conditions according to 9.3.4.6.

1088 Each operating cycle consists of a making operation followed by a breaking operation.

1089 8.2.4.2 Operational performance capability

1090  Subclause 8.2.4.2 of IEC 60947-1:2020 applies with the following additions: Documents
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1091 The circuit-breaker shall be capable of meeting the requirements of Table 7:

1092 — for the test of operational performance without current in the main circuit under the test
1093 conditions specified in 9.3.4.5.3;

1094 — for the test of operational performance with current in the main circuit under the test
1095 conditions specified in 9.3.4.5.4.

1096 Each operating cycle consists of, either a closing operation followed by an opening
1097 operation, or an opening operation followed by a closing operation (both with or without
1098 current).

1099 8.2.5  Ability to make and break under short-circuit conditions

1100  Subclause 8.2.5 of IEC 60947-1:2020 applies with the following amplifications:
1101 The rated short-circuit making capacity shall be in accordance with 5.3.6.1 and 5.3.6.3.

1102  The rated short-circuit breaking capacity shall be in accordance with 5.3.6.2.

1103 NOTE It is the manufacturer's responsibility to ensure that the tripping characteristic of the circuit-breaker is
1104 compatible with the capability of the circuit-breaker to withstand the inherent thermal and electrodynamic stresses.

1105  8.2.6 Requirements for isolation function

1106  Subclause 8.2.7 of IEC 60947-1:2020 applies and tests shall be made in accordance with
1107 9.3.4.3,9.3.4.8,9.3.4.12, 9.3.5.4, 9.3.6.4 and 9.3.8.8, as applicable.

1108 8.3  Electromagnetic compatibility (EMC)
1109 Requirements and test methods are given in Annex J.
110 9 Tests

1111 9.1 Kind of tests
1112 9.1.1 General

1113 Subclause 9.1 of IEC 60947-1:2020 applies, with the following additions:

1114  The tests to verify the characteristics of circuit-breakers are:

1115 — type tests (see 9.3);
1116 — routine tests (see 9.4);
1117 — special tests (see 9.5).

1118 9.1.2 Type tests

1119  Type tests include the tests listed in Table 8.

1120  Type tests shall be carried out by the manufacturer, in his workshop or at any suitable laboratory
1121 of his choice.

1122 9.1.3 Routine tests

1123 Routine tests comprise the tests listed in 9.4.

1124 9.1.4 Special tests

1125 Special tests comprise the tests listed in Bl5. Documents
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1126 9.2 Compliance with constructional requirements

1127 Subclause 9.2 of IEC 60947-1:2020 applies.

1128 9.3 Type tests
1129  9.3.1 General

1130 In order to avoid repetition of identical tests applicable to the various test sequences, the
1131 general test conditions have been grouped together at the beginning of this subclause under
1132 three headings:

1133 — test conditions applicable to all sequences (9.3.4 to 9.3.9);
1134 — test conditions applicable to temperature-rise tests (9.3.3.5);
1135 — test conditions applicable to short-circuit tests (9.3.3.6).

1136 Wherever appropriate, these general test conditions refer back to, or are based on, the general
1137 rules of IEC 60947-1.

1138 Each test sequence refers back to the general test conditions applicable. This requires the use
1139  of cross-references, but enables each test sequence to be presented in a much simplified form.

1140 Throughout this clause the term "test" has been used for every test to be made; "verification"
1141 should be interpreted as "test for the verification" and has been used where it is intended to
1142 verify the condition of the circuit-breaker following an earlier test in a test sequence whereby it
1143 may have been adversely affected.

1144 In order to facilitate locating a particular test condition or test, an alphabetical index is given
1145 in Table 9, using the terms most likely to be used (not necessarily the exact terms appearing in
1146 the relevant subclause heading).

1147 9.3.2 Test sequences
1148 9.3.21 General

1149  Type tests are grouped together in a number of sequences, as shown in Table 10.

1150 For each sequence, tests shall be made in the order listed unless otherwise specified in this
1151 document.

1152 9.3.2.2 Tests omitted from sequence | and made separately

1153  With reference to 9.1.1 of IEC 60947-1:2020, the following tests of test sequence | (see 9.3.4)
1154 may be omitted from the sequence and made on separate samples:

1155 — tripping limits and characteristics (9.3.4.2); in which case the sample(s) tested in the
1156 sequence shall be subjected to the tests of 9.3.4.2.4 only on the phase poles at the
1157 maximum setting, at room temperature and without the additional test of item b) to verify
1158 the time-current characteristic;
1159 — test of dielectric properties (9.3.4.3);
1160 — test of under-voltage releases of 9.3.4.5.2.3 and 9.3.4.5.3 to verify the requirements of
1161 8.2.1.3 of IEC 60947-1:2020, and tests of under-voltage releases at alternative
1162 frequencies (see 9.3.3.1);
1163 — test of shunt releases of 9.3.4.5.2.4 and 9.3.4.5.3 to verify the requirements of 8.2.1.4 of
1164 IEC 60947-1:2020, and tests of shunt releases at alternative frequencies (see 9.3.3.1);
1165 — additional tests for operational performance capability without current for withdrawable
1166 circuit-breakers (9.3.4.5.5).
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1167  9.3.2.3 Applicability of sequences according to the relationship between short-
1168 circuit ratings

1169  The applicability of test sequences according to the relationship between I, /., and I, is given
1170 in Table 11.

1171 9.3.2.4 Alternative test programmes for AC circuit-breakers having a different
1172 number of poles

1173 These alternative test programs may only be applied to AC ratings and when all the ratings are
1174  the same or lower than the variant submitted to the full program of Table 10, and construction
1175 breaks are the same for all variants. In the case of 1-pole circuit-breakers the voltage ratings
1176 shall be equal to or lower than the line-to neutral voltage of the variant tested to Table 10. A 2-
1177 pole circuit-breaker produced by removing the center current path from a 3-pole circuit-breaker
1178  tested to program 1 or program 2 of this subclause need not be tested as it is considered to be
1179  covered by the tests on the 3-pole variant.

1180 Compliance with the test requirements is met by carrying out one of the alternative programs 1
1181 or 2 below.

1182 — Programme 1: The applicable test sequences according to Table 10 shall be carried out
1183 on the three-pole variant. In addition, where applicable, the tests or test sequences listed
1184 in Table 13 shall be carried out on the other variants.
1185 — Programme 2: The applicable test sequences according to Table 10 shall be carried out
1186 on the four-pole variant. In addition, where applicable, the tests or test sequences listed
1187 in Table 14 shall be carried out on the other variants.

1188  The principle for the application of the alternative test programs is illustrated in the Table 12.

1189 9.3.3 General test conditions
1190 9.3.3.1 General requirements

1191 Unless otherwise agreed by the manufacturer, each test sequence shall be made on a sample
1192  circuit-breaker (or set of samples) in a clean and new condition.

1193 The number of samples to be tested for each test sequence and the test conditions (for example
1194  setting of overload releases, terminal connections), according to the circuit-breaker parameters,
1195 are given in Table 15 or, where applicable, for the alternative test programs in Table 13 and
1196  Table 14 (see 9.3.2.4).

1197  Where necessary, additional information is given in the relevant subclauses.

1198 Unless otherwise specified, tests are to be performed on a circuit-breaker having the maximum
1199 rated current for a given frame size and are deemed to cover all rated currents of that frame
1200 size.

1201 In the case of one or more construction breaks (see 3.2.4 and 8.1.9) within the frame size,
1202 further samples shall be tested in accordance with Table 13 and/or Table 15 as applicable.

1203 Unless otherwise stated, short-circuit releases shall be set at maximum (time and current) for
1204  all tests.

1205 The circuit-breakers to be tested shall, in all their essential details, correspond to the design of
1206 the type which they represent.

1207 Unless otherwise stated, the tests shall be made with the same kind of current and, in the case
1208 of AC, at the same rated frequency and with the same number of phases as in tr‘BBE“jments
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1209 service. Tests performed at 50 Hz cover 60 Hz applications and vice-versa, except for the
1210 performance of under-voltage and shunt releases (see 8.2.1 of IEC 60947-1:2020 and 8.2.2.7
1211 of IEC 60947-1:2020).

1212 If the mechanism is electrically controlled, it shall be supplied at the minimum voltage as
1213 specified in - In addition, electrically controlled mechanisms shall be energized via the
1214 appropriate circuit-breaker control circuits complete with switching devices. It shall be verified
1215 that the circuit-breaker operates correctly on no-load when it is operated under the above
1216 conditions.

1217 In case of circuit-breakers with dependent manual operation (see 3.6.12 of 60947-1:2020), the
1218 circuit-breaker shall be operated with an operating speed, during actuation, of 0,1 m/s + 25 %,
1219 this speed being measured where the operating means of the test apparatus touches the
1220 actuating means of the circuit-breaker under test. For rotary handles the angular velocity shall
1221 correspond substantially to the above conditions, referred to the speed of the operating means
1222 (at its extremities) of the circuit-breaker under test.

1223 The circuit-breaker under test shall be mounted complete on its own support or an equivalent
1224 support.

1225 Unless otherwise stated, the connections of the complete circuit-breaker, and of the separate
1226  release (when applicable, see 9.3.4.2.1), shall be made as for normal service, with conductors
1227 of cross-section corresponding to the rated current (In) (see Table 9 and Table 10 and Table
1228 11 of IEC 60947-1:2020) and of length according to 9.3.3.3.4 of IEC 60947-1:2020. In case of
1229 aluminium conductors, their cross sections shall be in accordance with Table D.7 or Table D.8,
1230 as applicable.

1231 Circuit-breakers shall be tested in free air.

1232 If a circuit-breaker may be used in specified individual enclosures and has been tested in free
1233 air, it shall be additionally tested in the smallest of such enclosures stated by the manufacturer,
1234 using a new sample, for each of the following:

1235 a) A short-circuit test according to 9.3.6, at U, max, and corresponding I,, with release

cu’

1236 settings at maximum (see Footnote 2 of Table 15).

1237  b) A temperature-rise test according to the general conditions of 9.3.3.5 on a circuit-breaker
1238 having a maximum Iy, at the conventional enclosed thermal rating /;,, (see 5.3.3.2). The
1239 temperature-rises shall meet the requirements of 8.2.2 except that the temperature rise of
1240 the terminals shall not exceed 70 K.

1241 Details of these tests, including the dimensions of the enclosure, shall be stated in the test
1242 report.

1243 NOTE An individual enclosure is an enclosure designed and dimensioned to contain one circuit-breaker only.

1244 However, if a circuit-breaker may be used in specified individual enclosures and is tested
1245  throughout in the smallest of such enclosures stated by the manufacturer, the tests in free air
1246 need not be made provided that such enclosure is bare metallic, without insulation. Details,
1247 including the dimensions of the enclosure, shall be stated in the test report.

1248 For the tests in free air, for tests concerning overload performance (9.3.4.6), short-circuit
1249 (9.3.5.2,9.3.6.3,9.3.7.5,9.3.8.2, 9.3.8.6, 9.3.8.7 and 9.3.9.4), and short-time withstand current
1250 (9.3.7.3 and 9.3.9.3) where applicable, a metallic screen shall be placed on all sides of the
1251 circuit-breaker in accordance with the manufacturer’s instructions. Details, including distances
1252 of the metallic screen from the circuit-breaker, shall be stated in the test report.

1253 The characteristics of the metallic screen shall be as follows:
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e structure: woven wire mesh; or
perforated metal; or
expanded metal;

e ratio hole area/total area: 0,45 to 0,65;

e size of hole: not exceeding 30 mm?2;

e finish: bare or conductive plating;

e resistance: shall be included in the calculation for the prospective fault current in the fusible
element circuit (see 9.3.4.1.2, item d) of IEC 60947-1:2020) when measured from the
furthest point on the metallic screen likely to be reached by arc emissions.

The tightening torques to be applied to the terminal screws shall be in accordance with the
manufacturer's instructions (see 6.2 and Table 4).

Unless otherwise stated, all tests shall be performed with forward connections.
Maintenance or replacements of parts is not permitted.

If, for convenience of testing, it appears useful to increase the severity of a test (for example to
adopt a higher frequency of operation in order to reduce the duration of the test), this shall not
be done without the consent of the manufacturer.

For single-phase tests on individual poles of multipole circuit-breakers intended for use on
phase-earthed systems, see Annex C.

For additional tests for circuit-breakers for unearthed or impedance earth systems (IT), see
Annex H.

9.3.3.2 Test quantities
9.3.3.2.1 Values of test quantities

Subclause 9.3.2.2.1 of IEC 60947-1:2020 applies.

9.3.3.2.2 Tolerances on test quantities

Subclause 9.3.2.2.2 of IEC 60947-1:2020 applies.

9.3.3.2.3 Frequency of the test circuit for AC

All tests shall be made at the rated frequency of the circuit-breaker. For all short-circuit tests,
if the rated breaking capacity is essentially dependent on the value of the frequency, the
tolerance shall not exceed +5 %.

If the manufacturer declares the rated breaking capacity to be substantially unaffected by the
value of the frequency, the tolerance shall not exceed +25 %.

9.3.3.2.4 Power factor Time constant of the test circuit

Subclause 9.3.4.1.3 of IEC 60947-1:2020 applies with the following modification:
Table 16 of IEC 60947-1:2020 is replaced by Table 16 of this document.

9.3.3.2.5 Time constant of the test circuit

Subclause 9.3.4.1.4 of IEC 60947-1:2020 applies with the following modification: Documents
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1200  Table 16 of IEC 60947-1:2020 is replaced by Table 16 of this document.

1291 9.3.3.2.6 Power-frequency recovery voltage

1292  Subclause 9.3.2.2.3, item a) of IEC 60947-1:2020.

1293 9.3.3.2.7 Ripple of the test current for DC

1294  The test current shall comply with the requirements of 6.3.1 of [EC 62475:2010.

1295 9.3.3.3 Evaluation of test results

1296 The condition of the circuit-breaker after tests shall be checked by the verifications applicable
1297 to each sequence.

1298 A circuit-breaker is deemed to have met the requirements of this standard if it meets the
1299 requirements of each sequence as applicable.

1300  The case shall not be broken but hairline cracks are acceptable.

1301 NOTE Hairline cracks are a consequence of high gas pressure or thermal stresses due to arcing when interrupting
1302 very high fault currents and are of a superficial nature. Consequently, they do not develop through the entire thickness
1303 of the moulded case of the device.

1304 9.3.3.4 Test reports
1305  Subclause 9.3.2.4 of IEC 60947-1:2020 applies.

1306 9.3.3.5 Test conditions for temperature-rise test

1307 The circuit-breaker shall meet the requirements of 8.2.2.
1308  Subclause 9.3.3.3 of IEC 60947-1:2020 applies, except 9.3.3.3.6, with the following addition:
1309 The circuit-breaker shall be mounted in accordance with 9.3.3.1.

1310 During the temperature-rise test of sequence | (see 9.3.4.9) coils of under-voltage releases,
1311 where applicable, shall be supplied at one rated frequency and corresponding voltage, chosen
1312  at random. Additional tests to verify coils at other rated frequencies and voltages shall be made
1313 outside the sequence.

1314 For four-pole AC circuit-breakers, a test shall first be made on the three poles which incorporate
1315 over-current releases. For a circuit-breaker having a value of rated current not exceeding 63 A,
1316 an additional test shall be made by passing the test current through the fourth pole and its
1317  adjacent pole. For higher rated current values, the method of testing shall be the subject of a
1318  separate agreement between manufacturer and user.

1319 DC circuit-breakers shall be connected in accordance with manufacturer’s instructions. The
1320 details of the connections shall be stated in the test report.

1321 9.3.3.6 Test conditions for short-circuit tests

1322 9.3.3.6.1 General requirements

1323 Subclause 9.3.4.1.1 of IEC 60947-1:2020 is amplified as follows:
1324 a) The circuit-breaker shall be mounted in accordance with 9.3.3.1.
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1325 b) Unless it can be shown that, with the manual operating means in any position, there is no

1326 opening around the manual operating means through which a music wire of 0,26 mm
1327 diameter can be inserted so as to reach the arc chamber area, the following test
1328 arrangement shall apply:

1329 For opening operations only, a clear, low density polyethylene sheet, 0,05 mm + 0,01 mm
1330 thick, of a size 100 mm x 100 mm, positioned as shown in Figure 4, fixed and reasonably
1331 stretched in a frame, is placed at a distance of 10 mm from:

1332 — either the maximum projection of the manual closing means of a circuit-breaker without
1333 recess for this closing means;

1334 — or the rim of the recess for the manual closing means of a circuit-breaker with recess for
1335 this closing means.

1336 The polyethylene sheet shall have the following physical properties:

1337 — density at 23 °C: 0,92 g/cm3 + 0,05 g/cm3;

1338 — melting point: 110 °C to 120 °C.

1339 On the side remote from the circuit-breaker there shall be an appropriate backing to obviate
1340 tearing of the polyethylene sheet due to the pressure wave which may occur during the
1341 short-circuit test (see Figure 4).

1342 For tests other than those in an individual enclosure, a shield which may be of insulating
1343 material or of metal is placed between the metallic screen and the polyethylene sheet (see
1344 Figure 4).

1345 NOTE This test arrangement applies to O operations only, since it is difficult to arrange for CO operations and it is

1346 accepted that O operations are no less severe than CO operations (see 9.3.3.6.4).

1347 c) The circuit-breaker shall be operated during tests to simulate service conditions as closely
1348 as possible

1349 A circuit-breaker having a dependent power operation shall be closed during tests with the
1350 control supply (voltage or pressure) at 85 % of its rated value.

1351 A circuit-breaker having an independent power operation shall be closed during tests with
1352 the operating mechanism charged to its maximum value stated by the manufacturer.

1353 A circuit-breaker having a stored energy operation shall be closed during tests with the
1354 operating means charged at 85 % of the rated voltage of the auxiliary supply.

1355  d) If a circuit-breaker is fitted with adjustable over-current releases, the setting of these
1356 releases shall be as specified for each test sequence.

1357 For circuit-breakers without over-current releases but fitted with a shunt release, this release
1358 shall be energized by the application of a voltage equal to 70 % of the rated control supply
1359 voltage of the release (see 8.2.1.2.3), at a time not earlier than that of the initiation of the
1360 short-circuit nor later than 10 ms after the initiation of the short-circuit.

1361 e) For all these tests, the line side of the test circuit shall be connected to the corresponding
1362 terminals of the circuit-breaker as marked by the manufacturer. In the absence of such
1363 markings, the test connections shall be as specified in Table 15.

1364 9.3.3.6.2 Test circuit

1365  Subclause 9.3.4.1.2 of IEC 60947-1:2020.

1366 9.3.3.6.3 Calibration of the test circuit

1367 Subclause 9.3.4.1.5 of IEC 60947-1:2020 applies.

1368  9.3.3.6.4 Test procedure
1369 9.3.3.6.4.1 General

1370  Subclause 9.3.4.1.6 of IEC 60947-1:2020 applies, with the following addition.
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1371 Before each short-circuit operation, a temperature stabilization of the circuit-breaker in
1372 accordance with 9.3.2.7 shall be carried out.

1373 Sec Note: NCs are asked to prepare proposals for a practical test procedure.
1374 9.3.3.6.4.2 Tests on one-, two- and three-pole circuit-breakers

1375 After calibration of the test circuit in accordance with 9.3.3.6.3 the temporary connections are
1376 replaced by the circuit-breaker under test and its connecting cables if applicable.

1377  Tests for the performance under short-circuit conditions shall be made according to the
1378  sequences in Table 10 (see 9.3.2).

1379 For circuit-breakers having a rated current up to and including 630 A, a cable of maximum
1380 length 75 cm, having a cross-section corresponding to the conventional thermal current (see
1381 9.3.3.3.4, Tables 9 and Table 10 of IEC 60947-1:2020) shall be included as follows:

1382 — approximately 50 cm on the supply side;
1383 — approximately 25 cm on the load side.

1384 For ratings < 20 A, the manufacturer may specify a larger cross-section, in which case this
1385 cross-section shall be used for all relevant short-circuit tests, and stated in the test report. In
1386 addition, a verification of inverse-time delay releases according to 9.3.4.2.4 b) shall be made
1387 with this cross-section.

1388 The sequence of operations shall be that which is applicable to each test sequence, as specified
1389 in 9.3.5.2, 9.3.6.3, 9.3.7.5 and 9.3.8.7.

1390  Alternative test programs for circuit-breakers having three-pole and four-pole variants are given
1391 in 9.3.2.4.

1392 9.3.3.6.4.3 Tests on four-pole circuit-breakers

1393 Additional sequences of operations on one or more new samples, in accordance with Table 15,
1394 shall be carried out on the fourth pole and its adjacent pole, according to test sequences Il or
1395 V, as applicable, and test sequence |V if applicable. This requirement applies even when test
1396 sequence Il is replaced by test sequence Il (Icu = Ics) or test sequence |V is replaced by test
1397  sequence VI (lcw = Ics), i.e., additional tests according to test sequence Ill or V, and test
1398 sequence |V, as applicable, are required.

1399  Alternatively, at the request of the manufacturer, these tests may be combined with the tests of
1400 9.3.3.6.4.2 and made on the same samples, in which case the test in each relevant test
1401 sequence shall comprise

1402 - the test on three adjacent poles,
1403 - the test on the fourth pole and the adjacent pole.

1404 The tests on the fourth pole and the adjacent pole are made at an applied voltage of Ue/\3, in
1405  the circuit shown in Figure 12 of IEC 60947-1:2020 with the connections C1 and C2 removed.
1406 The test current shall be agreed between manufacturer and user but shall be not less than 60 %
1407 of Icu or Icw, as applicable.

1408 Alternative test programmes for circuit-breakers having three-pole and four-pole variants are
1409 given in 9.3.2.4. When programme 1 is chosen, this subclause applies to the four-pole samples
1410 listed in Table 12.
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1411 9.3.3.6.4.4 Test operations
1412 The following symbols are used for defining the sequence of operations:

1413 @) represents a breaking operation;

1414 (610) represents a making operation followed, after the appropriate opening time, by a
1415 breaking operation:

1416 t represents the time interval between two successive short-circuit operations which shall
1417 be as short as possible, allowing for the resetting time of the circuit-breaker, but not less than
1418 3 min. The actual value of t shall be stated in the test report.

1419  The maximum resetting time shall be 15 min or such longer time as may be stated by the
1420 manufacturer, but not exceeding 1 h, during which time the circuit-breaker shall not be

1421 displaced. Attempts to reclose the circuit-breaker during the resetting time shall be spaced by
1422 at least 1 min.

1423  The maximum value of /2t (see 3.7.18 of IEC 60947-1:2020) during these tests may be recorded
1424  in the test report (see 8.2.1.2.4, item a)).

1425 9.3.3.6.5 Behaviour of the circuit-breaker during short-circuit making and breaking
1426 tests

1427 Subclause 9.3.4.1.7 of IEC 60947-1:2020 applies.

1428 9.3.3.6.6 Interpretation of records

1429 Subclause 9.3.4.1.8 of IEC 60947-1:2020 applies.

1430 9.3.3.6.7 Verification after short-circuit tests

1431 After the opening operations of the short-circuit making and breaking capacity tests of 9.3.5.2,
1432 9.3.6.3, 9.3.7.5, 9.3.8.2, 9.3.8.7, 9.3.9.4, as applicable, the following conditions shall be met:

1433 — there shall be no damage to the insulation on conductors used to wire the device;

1434 — the polyethylene sheet, where applicable, shall show no holes visible with normal or
1435 corrected vision without additional magnification. Minuscule holes of less than 0,26 mm
1436 diameter can be ignored;

1437 — the case shall not be broken but hairline cracks are acceptable.

1438 NOTE Hairline cracks are a consequence of high gas pressure or thermal stresses due to arcing when interrupting
1439 very high fault currents and are of superficial nature. Consequently, they do not develop through the entire thickness
1440 of the moulded case of the device.

1441 Additionally, after the short-circuit tests, the circuit-breaker shall comply with the verifications
1442 specified for each test sequence, as applicable.

1443 9.3.3.7 Temperature stabilization at the rated current before type tests

1444 The room temperature shall be equal to the maximum ambient temperature allowed by the
1445 manufacturer. Alternatively, the room temperature may be decreased if the current is increased
1446 up to the value ensuring the same temperature on semiconductor’s housing.

1447  The temperature stabilization shall be carried out in accordance with Figure 5, the switch S1
1448 being closed and the switch S2 being open. The circuit-breaker shall carry its rated current until
1449  stabilization of the temperature measured on the semiconductor’s housing.

1450  The type test shall be performed, opening S1 and closing S2 10ms the latest after S1 has
1451 opened as per Figure 5
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9.34 Test sequence I: General performance characteristics
9.3.41 General

This test sequence applies to all circuit-breakers and comprises the tests in Table 17.

The number of samples to be tested and the setting of adjustable releases shall be in
accordance with Table 15.

See 9.3.2 for tests that may be omitted from the sequence and made on separate samples.

9.3.4.2 Test of tripping limits and characteristics
9.3.4.2.1 General

Subclause 9.3.3.2 of IEC 60947-1:2020 is amplified as follows:
The ambient air temperature shall be measured as for the temperature-rise tests (see 9.3.3.5).

When the over-current opening release is normally a built-in part of the circuit-breaker, it shall
be verified inside the corresponding circuit-breaker.

Any separate release shall be mounted approximately as under normal service conditions. The
complete circuit-breaker shall be mounted in accordance with 9.3.3.1. The equipment under
test shall be protected against undue external heating or cooling.

For circuit-breakers with adjustable over-current releases, tests shall be made at:

a) minimum current setting and minimum time-delay setting, as applicable; and

b) maximum current setting and maximum time-delay setting, as applicable,

in each case with conductors corresponding to the rated current /, (see 5.3.3.3).
For tests for which the tripping characteristic is independent of the temperature of the terminals
(e.g. electronic overload releases, magnetic releases), connection data (type, cross-section,

length) may be different from those required in 9.3.3.3.4 of IEC 60947-1:2020. The connections
should be compatible with the test current and induced thermal stresses.

For circuit-breakers having a neutral pole provided with an overload release, the verification of
this overload release shall be made on the neutral pole alone.

The tests may be made at any suitable voltage.

9.3.4.2.2 I1’t withstand

The tripping function shall be deactivated.

A temperature stabilization of the circuit-breaker in accordance with 9.3.3.7 shall be carried out.
Immediately after 9.3.3.7, the circuit-breaker shall carry 120% of its maximum short time
withstand current (/) during its maximum thermal time delay setting (tr).

After this test, a temperature stabilization of the circuit-breaker in accordance with 9.3.3.7 shall
be carried out. Immediately after 9.3.3.7, the circuit-breaker shall carry 120% of its maximum
instantaneous current (li) during its maximum short time delay setting (z.q).
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1486  When the manufacturer decides to verify the tripping of /54 and li (see 409.3.4.2.3) at a lower

1487 percentage value, 120% is replaced with this value. In this case, routine tests (9.4.3.2) are
1488 modified accordingly.”

1489 Sec Note: NCs are asked to prepare proposals for a practical test procedure and the acceptance criteria.
1490 9.3.4.2.3 Short-circuit releases

1491 The operation of short-circuit releases (see 5.7.1) shall be verified at 80 % and 120 % of the
1492 short-circuit current setting of the release. For AC tests, the test currents shall have no
1493 asymmetry. For DC tests, the current shall exhibit no overshoot at switch-on, and the time
1494 constant shall be less than 10 ms.

1495 At a test current having a value equal to 80 % of the short-circuit current setting, the release
1496  shall not operate, the current being maintained:

1497 — for 0,2 s in the case of instantaneous releases (see 3.6.25 of IEC 60947-1:2020).
1498 Alternatively, in the case of a circuit-breaker having also a short-time delay short-circuit
1499 release (see XX), the current shall be maintained during the non-tripping duration stated
1500 by the manufacturer instead of 0,2 s (if the short-time delay short-circuit release is
1501 adjustable, the time-delay shall be adjusted to its maximum setting value for this test);
1502 — for an interval of time equal to twice the time-delay stated by the manufacturer, in the
1503 case of definite time-delay releases.

1504 At a test current having a value equal to 120 % of the short-circuit current setting, the release
1505 shall operate:

1506 — within 0,2 s in the case of instantaneous releases (see 3.2.22);
1507 — within an interval of time equal to twice the time-delay stated by the manufacturer, in the
1508 case of definite time-delay releases.

1509 For circuit-breakers with an electronic overcurrent release, the operation of the short-circuit
1510 releases shall be verified by one test only on each pole individually.

1511 For circuit-breakers with electromagnetic overcurrent releases, the operation of multipole short-
1512 circuit releases shall be verified by one test only on each combination of two phase poles in
1513 series. For circuit-breakers having an identified neutral pole provided with a short-circuit
1514 release, the neutral pole shall be tested in series with one phase pole chosen at random. In
1515  addition, the operation of the short-circuit releases shall be verified once on each pole
1516 individually, at 120 % of either the value declared by the manufacturer for individual poles, or
1517  the short-circuit current setting (if no value is declared for individual poles), at which value they
1518 shall operate:

1519 — within 0,2 s in the case of instantaneous releases (see 3.2.22);
1520 — within an interval of time equal to twice the time-delay stated by the manufacturer, in the
1521 case of definite time-delay releases.

1522 Definite time-delay releases shall, in addition, comply with the requirements of 9.3.4.2.5.

1523 9.3.4.24 Overload releases
1524  a) Instantaneous or definite time-delay releases

1525 The operation of instantaneous or definite time-delay overload releases (see Note 1 of

1526 5.7.1) shall be verified at 90 % and 110 % of the overload setting of the release. For AC

1527 tests, the test currents shall have no asymmetry. For DC tests, the current shall exhibit no

1528 overshoot at switch-on, and the time constant shall be less than 10 ms. The operation of

1529 multipole overload releases shall be verified with all phase poles loaded simultaneously with

1530 the test current.

1531 Definite time-delay releases shall, in addition, comply with the requirements of b3.4.2.5.
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At a test current having a value equal to 90 % of the current setting, the release shall not
operate, the current being maintained

— for 0,2 s in the case of instantaneous releases (see 3.2.22),

— for an interval of time equal to twice the time-delay stated by the manufacturer, in the
case of definite time-delay releases.

At a test current having a value equal to 110 % of the current setting, the release shall
operate

— within 0,2 s in the case of instantaneous releases (see 3.2.22),

— within an interval of time equal to twice the time-delay stated by the manufacturer, in the
case of definite time-delay releases.

For circuit-breakers having an identified neutral pole provided with an overload release
(see 9.3.4.2.1), the test current for this release shall have a value equal to 1,2 times 110 %
of the current setting.

b) Inverse time-delay releases

The operating characteristics of inverse time-delay overload releases shall be verified in
accordance with the performance requirements of 8.2.1.2.4, item b), 2).

For circuit-breakers having an identified neutral pole provided with an overload release
(see 9.3.4.2.1), the test currents for this release shall be those given in Table 5 except that
the test current at the conventional tripping current shall be multiplied by the factor 1,2.

For releases dependent on ambient air temperature, the operating characteristic shall be
verified at the reference temperature (see 5.7.3 and Table 4 item 2.14), the release being
energized on all phase poles.

If this test is made at a different ambient air temperature, a correction shall be made in
accordance with the manufacturer's temperature/current data.

For thermal-magnetic releases declared by the manufacturer to be independent of ambient
air temperature, the operating characteristic shall be verified by two measurements, one at
30 °C £ 2 °C, the other at 20 °C £+ 2 °C or at 40 °C £ 2 °C, the release being energized on
all phase poles.

For electronic releases, the operating characteristic shall be verified at the ambient
temperature of the test room (see 7.1.1 of IEC 60947-1:2020), the release being energised
on all phase poles.

An additional test, at a current value equal to or greater than two times the current setting,
shall be made to verify that the time/current characteristics of the release conform (within
the stated tolerances) to the curves provided by the manufacturer.

NOTE In addition to the tests in this subclause, the releases of circuit-breakers are also verified on each pole singly,
during test sequences Ill, IV, V and VI (see 9.3.6.2 9.3.6.5, 9.3.7.2, 9.3.7.7, 9.3.8.5, 9.3.8.9, 9.3.9.2 and 9.3.9.8).

9.3.4.2.5 Additional tests for definite time-delay releases

Definite time-delay releases shall be tested to verify the values of the time-delay and the non-
tripping duration

a) Time-delay
This test is made at a current equal to 1,5 times the current setting:

in the case of overload releases, with all phase poles loaded;

— for circuit-breakers having an identified neutral pole provided with an overload release
(see 9.3.4.2.1), the test current for this release shall be 1,5 times the current setting;

— in the case of electromagnetic short-circuit releases, with two poles in series carrying
the test current, using successively all possible combinations of phase poles having a
short-circuit release.

— in the case of electronic short-circuit releases, on one pole chosen at random.
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