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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent 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. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  369 

____________ 370 

 371 

RESIDUAL CURRENT OPERATED CIRCUIT-BREAKERS FOR HOUSEHOLD 372 

AND SIMILAR USES FOR DC SYSTEMS 373 

 374 

Part 2: Residual current operated circuit breakers without integral 375 

overcurrent protection (DC-RCCBs)  376 

 377 

FOREWORD 378 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 379 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 380 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 381 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 382 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 383 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 384 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 385 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 386 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.  387 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 388 
consensus of opinion on the relevant subjects since each technical committee has representation from all 389 
interested IEC National Committees.  390 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 391 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 392 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 393 
misinterpretation by any end user. 394 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 395 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 396 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  397 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 398 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 399 
services carried out by independent certification bodies.  400 

6) All users should ensure that they have the latest edition of this publication.  401 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 402 
members of its technical committees and IEC National Committees for any personal injury, property damage or 403 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 404 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 405 
Publications.  406 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 407 
indispensable for the correct application of this publication.  408 

9) [IEC/IEC and ISO] [draws/draw] attention to the possibility that the implementation of this document may involve 409 
the use of (a) patent(s). [IEC/IEC and ISO] [takes/take] no position concerning the evidence, validity or 410 
applicability of any claimed patent rights in respect thereof. As of the date of publication of this document, 411 
[IEC/IEC and ISO] [had/had not] received notice of (a) patent(s), which may be required to implement this 412 
document. However, implementers are cautioned that this may not represent the latest information, which may 413 
be obtained from the patent database available at https://patents.iec.ch [and/or] www.iso.org/patents. [IEC/IEC 414 
and ISO] shall not be held responsible for identifying any or all such patent rights.  415 

IEC 63053-2 has been prepared by subcommittee 23E: Circuit breakers and similar equipment 416 

for household use, of IEC technical committee 23: Electrical accessories. It is an International 417 

Standard. 418 

This first edition cancels and replaces the IEC TS 63053 edition published in 2017. This edition 419 

constitutes a technical revision.  420 

The text of this International Standard is based on the following documents: 421 

Draft Report on voting 

23E/XX/FDIS 23E/XX/RVD 

Full document details: 24/30490272 DC

https://doi.org/10.3403/30339806U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30490272-dc
http://www.avadocuments.com/doc/24-30490272-dc


IEC CD 63053-2 © IEC 2024 11 23E/1393/CD 
 

 422 

Full information on the voting for its approval can be found in the report on voting indicated in 423 

the above table. 424 

The language used for the development of this International Standard, is English. 425 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 426 

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 427 

at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 428 

described in greater detail at www.iec.ch/publications. 429 

The committee has decided that the contents of this document will remain unchanged until the 430 

stability date indicated on the IEC website under webstore.iec.ch in the data related to the 431 

specific document. At this date, the document will be  432 

• reconfirmed, 433 

• withdrawn, 434 

• replaced by a revised edition, or 435 

• amended.  436 
  437 
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INTRODUCTION 438 

In AC systems, residual current devices are used to provide protection against the risk of 439 

electric shocks. In IEC 60364 (all parts), residual current devices are used for automatic 440 

disconnection of supply in case of fault (see Clause 411 of IEC 60364-4-41:2005+AMD1:2017) 441 

and residual current devices with rated residual operating current not exceeding 30 mA are 442 

used as additional protection (see 415 of IEC 60364-4-41:2005+AMD1:2017). IEC SC 23E has 443 

developed a set of standards for residual current operated protective devices intended to be 444 

used in AC systems.  445 

DC systems are used for applications such as photovoltaic installations, data and telecom 446 

centers and electric vehicle charging systems. In addition, standards for plugs and socket -447 

outlets for ICT equipment installed in data and telecom centers have been published. Therefore, 448 

a reference document for residual current devices intended to be used in DC supply systems is 449 

necessary. 450 

Residual current devices for DC systems may be used to provide fault protection (automatic 451 

disconnection of supply according to Clause 411 of IEC 60364-4-41:2005+AMD1:2017); they 452 

may also be used to provide additional protection. They provide protection against electric 453 

shock downstream of the device in DC networks.  454 

This document defines the operating characteristics for residual current operated protective 455 

devices for DC systems. Details of how they should be installed to provide the desired level of 456 

protection are specified in the various parts of the IEC 60364 series.  457 

The requirements of this standard are in compliance with the Group safety Publication IEC 458 

60755-1.  459 

  460 
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RESIDUAL CURRENT OPERATED CIRCUIT-BREAKERS FOR HOUSEHOLD 461 

AND SIMILAR USES FOR DC SYSTEMS 462 

 463 

Part 2: Residual current operated circuit breakers without integral 464 

overcurrent protection (DC-RCCBs)  465 

 466 

1 Scope 467 

This document gives general requirements and tests for residual current operated circuit 468 

breakers without integral overcurrent protection for household and similar uses, intended to be 469 

used in DC systems (hereafter referred to as DC-RCCBs), for rated operational voltages not 470 

exceeding 440 V DC and a rated direct current not exceeding 125 A, intended principally for 471 

protection against shock hazard. 472 

These devices are intended to provide fault protection according to IEC 60364 -4-41, the 473 

exposed conductive parts of the installation being connected to an appropriate earth electrode. 474 

In accordance with IEC 60364-4-42, DC-RCCBs with a rated residual operating current not 475 

exceeding 300 mA can also be used to provide protection against fire hazards due to a 476 

persistent earth fault current. 477 

DC-RCCBs having a rated residual operating direct current not exceeding 80 mA, are used for 478 

fault protection and additional protection in the case of failure of the protective provisions 479 

against electric shock, in systems having a rated voltage to earth not exceeding 440 V DC.  480 

This document applies to devices performing simultaneously the functions of detection of the 481 

residual current, of comparison of the value of this current with the residual operating value and 482 

of opening of the protected circuit when the residual current exceeds this value.  483 

NOTE 1   The requirements for DC-RCCBs are in line with the general safety requirements of IEC 60755-1. 484 

NOTE 2   Installation and selection rules for DC-RCCBs are given in the IEC 60364 series. 485 

DC-RCCBs are intended to be operated by ordinary or uninstructed persons and designed not 486 

to require maintenance.  487 

The requirements of this document apply for standard conditions. Additional requirements can 488 

be necessary for DC-RCCBs used in locations having severe environmental conditions. They 489 

are intended for use in an environment with pollution degree 2.  490 

NOTE 3   For environments with higher pollution degrees, enclosures giving the appropriate degree of protection 491 
could be used. 492 

NOTE 4   For DC-RCCBs having a degree of protection higher than IP20 special constructions can be required.  493 

DC-RCCBs are suitable for isolation. They are suitable for use in TN, TT, and, under specific 494 

conditions IT systems. Single-pole DC-RCCBs with two current paths are not suitable for use 495 

in IT systems. 496 

DC-RCCBs of the general type are resistant to unwanted tripping including the case where 497 

surge voltages (as a result of switching transients or induced by lightning) cause loading 498 

currents in the installation without occurrence of flashover.  499 

Special precautions (e.g. surge protective devices) can be necessary when excessive 500 

overvoltages are likely to occur on the supply side (for example in the case of supply through 501 

overhead lines see IEC 60364-44 and IEC 60364-5-53).  502 

DC-RCCBs of type S are considered to be sufficiently proof against unwanted tripping even if 503 

the surge voltage causes a flashover and a follow-on current occurs. 504 
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NOTE 5   Surge protective devices installed downstream of DC-RCCBs and connected in common mode can cause 505 
unwanted tripping. 506 

This document also applies to DC-RCCBs having more than one rated direct current, provided 507 

that the means for changing from one discrete rating to another is not accessible in normal 508 

service and that the rating cannot be changed without the use of a tool.  509 

This document does not apply to DC-RCCBs including batteries. 510 

2 Normative references 511 

The following documents are referred to in the text in such a way that some or all of their content 512 

constitutes requirements of this document. For dated references, only the edition cited applies. 513 

For undated references, the latest edition of the referenced document (including any 514 

amendments) applies. 515 

IEC 60364 (all parts), Low-voltage electrical installations 516 

IEC 60364-4-41, Low-voltage electrical installations – Part 4-41: Protection for safety – 517 

Protection against electric shock  518 

IEC 60755-1, General safety requirements for residual current operated protected devices – 519 

Part 1: Residual current operated protective devices for DC systems  520 

IEC TS 63053, General requirements for residual current operated protective devices for DC 521 

systems 522 

3 Terms and definitions 523 

For the purposes of this document, the terms and definitions given in IEC 62873-2 and the 524 

following apply. 525 

ISO and IEC maintain terminological databases for use in standardization at the following  526 

addresses: 527 

• ISO Online browsing platform: available at https://www.iso.org/obp 528 

• IEC Electropedia: available at https://www.electropedia.org/ 529 

3.1  530 

unidirectional device 531 

A protective device where it is intended that a power supply is only connected to one defined 532 

set of connection terminals. 533 

3.2  534 

bidirectional device 535 

A protective device where a power supply may be connected to either set of connection 536 

terminals. 537 

3.3  538 

time constant 539 

Rise time 𝜏 = 𝐿/𝑅 (ms) of a prospective direct current to reach a value of 0,632 times the 540 

maximum peak current. 541 

3.4  542 

M-pole 543 

Pole intended to be connected to the mid-point conductor. 544 
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3.5  545 

mid-point conductor 546 

Conductor electrically connected to the mid-point and capable of contributing to the distribution 547 

of electric energy. 548 

3.6  549 

mid-point 550 

Common point between two symmetrical circuit elements the opposite ends of which are 551 

electrically connected to different line conductors of the same circuit.  552 

4 Classification 553 

4.1 According to the supply conditions 554 

4.1.1 DC-RCCB operating correctly on the occurrence of residual current  555 

- within the voltage range 1,1 Ue and zero volt; and 556 

- with any number of supply conductors connected. 557 

The D C - RCCB does not open automatically in the case of loss of supply. 558 

4.1.2 RCCB with 2 or 4 current paths operating correctly on the occurrence of 559 

residual current within the voltage range of 1, 1 Ue and 90 V 560 

The D C - RCCB does not open automatically in the case of loss of supply. 561 

4.1.3 RCCB according to 4.1.2 fitted with a functional earth (FE) and able to 562 

continue to provide protection when supplied from just one line and FE 563 

4.1.3.1 Does not open automatically in the case of loss of supply and continues 564 

to provide residual current protection in the case of supply from just one 565 

line and FE 566 

4.1.3.2 Does not open automatically in the case of loss of one line and provides 567 

protection by opening automatically if supplied from just one line and FE 568 

4.1.4 RCCB operating correctly on the occurrence of residual current within the 569 

voltage range 1,1 Ue and Ux 570 

The device opens automatically, with or without delay, in the event of a supply voltage 571 

drop to a value less than Ux. 572 

4.1.5 RCCB according to 4.1.4, however reclosing automatically after restoration 573 

of the supply voltage 574 

4.2 According to the possibility of adjusting the residual operating current  575 

4.2.1 DC-RCCB with a single value of rated residual operating current  576 

4.2.2 DC-RCCB with multiple settings of residual operating current by fixed steps 577 

4.3 According to behaviour of residual direct current type 578 

4.3.1 DC-RCCB Type DC for smooth direct current 579 

4.3.2 DC-RCCB Type DC+ for non-smooth direct current 580 

Type DC+ also covers Type DC. 581 

NOTE Type DC+ is under study 582 
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4.4 According to time-delay (in presence of a residual current)  583 

4.4.1 DC-RCCB without time-delay: type for general use 584 

4.4.2 DC-RCCB with time-delay: type S with time-delay of 0,06 s for selectivity 585 

4.5 According to the protection against external influences 586 

4.5.1 Enclosed-type DC-RCCB (not requiring an appropriate enclosure) 587 

4.5.2 Unenclosed-type DC-RCCB (for use with an appropriate enclosure) 588 

4.6 According to the method of mounting 589 

4.6.1 Surface-type DC-RCCB 590 

4.6.2 Flush-type DC-RCCB 591 

4.6.3 Panel board type DC-RCCB, also referred to as distribution board type 592 

NOTE These types can be intended to be mounted on rails.  593 

4.7 According to the method of connection 594 

4.7.1 DC-RCCB, the electrical connections of which are not associated with the 595 

mechanical mounting 596 

4.7.2 DC-RCCB, the electrical connections of which are associated with the 597 

mechanical mounting 598 

NOTE Examples of this type are: 599 

– plug-in type. 600 

– bolt-on type. 601 

– screw-in type. 602 

Some DC-RCCBs can be of the plug-in type or bolt-on type on the supply side only, the load terminals being usually 603 
suitable for wiring connection. 604 

4.8 According to the type of terminals 605 

4.8.1 DC-RCCB with screw-type terminals for external copper conductors 606 

4.8.2 DC-RCCB with screwless type terminals for external copper conductors  607 

NOTE The requirements for DC-RCCBs equipped with these types of terminals are given in IEC 62873-3-1. 608 

4.8.3 DC-RCCB with flat quick-connect terminals for external copper conductors 609 

NOTE The requirements for DC-RCCBs equipped with these types of terminals are given in IEC 62873-3-2. 610 

4.9 According to the number of poles and current paths 611 

4.9.1 Single-pole DC-RCCB with two current paths 612 

NOTE In this case, the M-path does not contain any switching contact. 613 

4.9.2 Two-pole DC-RCCB 614 

4.9.3 Two-pole DC-RCCB with three current paths 615 

NOTE In this case, the M-path does not contain any switching contact. 616 
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4.9.4 Three-pole DC-RCCB 617 

4.10 According to the current direction through the poles 618 

4.10.1 Polarised DC-RCCB 619 

4.10.2 Non-polarised DC-RCCB 620 

4.11 According to the supply side of the device (directionality)  621 

4.11.1 DC-RCCB to be supplied on one specific side (uni-directional) 622 

Uni-directional DC-RCCB is intended to be supplied from one defined set of connection 623 

terminals only. 624 

4.11.2 DC-RCCB to be supplied on any side (bi-directional) 625 

Bi-directional DC-RCCB is intended to be supplied from any set of connection terminals . 626 

NOTE: A bi-directional DC-RCCB can be polarized. 627 

5 Characteristics of DC-RCCBs 628 

5.1 Summary of characteristics 629 

Unless otherwise stated, when referring to voltages and currents, they shall be read as direct 630 

current quantities. 631 

The characteristics of an DC-RCCB shall be stated in the following terms: 632 

– rated voltages (see 5.2.1); 633 

– rated direct current In (see 5.2.2); 634 

– rated direct making and breaking capacity Im (see 5.2.3); 635 

– rated residual operating direct current IΔn (see 5.2.4); 636 

– rated residual non-operating direct current IΔno (see 5.2.5); 637 

– rated residual direct making and breaking capacity IΔm (see 5.2.6); 638 

– time-delay, if applicable (see 4.4); 639 

– operating characteristics (see 5.2.9); 640 

– rated conditional short-circuit direct current Inc (see 5.2.7); 641 

– rated conditional residual short-circuit direct current IΔc (see 5.3.7); 642 

– degree of protection (see IEC 60529).  643 
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5.2 Rated quantities and other characteristics 644 

5.2.1 Rated voltages 645 

5.2.1.1 Rated operational voltage (Ue) 646 

The rated operational voltage (hereafter referred to as "rated voltage") of an DC -RCCB is the 647 

value of voltage, assigned by the manufacturer, to which its performance is referred.  648 

NOTE The same DC-RCCB may be assigned a number of rated voltages and associated rated short -circuit 649 
capacities. 650 

5.2.1.2 Rated insulation voltage (Ui) 651 

Unless otherwise stated, the rated insulation voltage is assumed to be equal to the highest 652 

rated operational voltage assigned to the DC-RCCB. 653 

Where the rated insulation voltage assigned by the manufacturer exceeds the highest rated 654 

operational voltage of the DC-RCCB, the dielectric test voltages and creepage distances shall 655 

be chosen for that rated insulation voltage in accordance with IEC 60664-1. 656 

5.2.1.3 Rated impulse withstand voltage (Uimp) 657 

The rated impulse withstand voltage of an DC-RCCB shall be equal to 4 kV. 658 

5.2.1.4 Minimum operating voltage (Ux) 659 

The minimum operating voltage, where applicable, as declared by the manufacturer for DC-660 

RCCBs. 661 

5.2.2 Rated direct current (In) 662 

A current assigned by the manufacturer as the current which the DC-RCCB can carry 663 

uninterrupted duty. 664 

5.2.3 Rated direct making and breaking capacity (Im) 665 

The prospective direct current, assigned by the manufacturer, which an DC-RCCB can make, carry and 666 

break under specified conditions. 667 

5.2.4 Rated residual operating direct current (IΔn) 668 

The value of residual operating direct current, assigned by the manufacturer, at which the DC-669 

RCCB shall operate under specified conditions.  670 

For an DC-RCCB having multiple settings of residual operating direct current, the highest 671 

setting is used to designate it.  672 

DC-RCCBs with continuously adjustable settings are not allowed.  673 

5.2.5 Rated residual non-operating direct current (IΔno) 674 

The value of residual non-operating direct current, assigned by the manufacturer, at which the 675 

DC-RCCB does not operate under specified conditions.  676 

5.2.6 Rated residual direct making and breaking capacity (IΔm) 677 

The value of the residual prospective direct current, assigned by the manufacturer, which an 678 

DC-RCCB can make, carry and break under specified conditions.  679 
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5.2.7 Rated conditional short-circuit direct current (Inc) 680 

The value of the prospective direct current, assigned by the manufacturer, which an DC -RCCB, 681 

protected by a specified SCPD, can withstand under specified conditions without undergoing 682 

alterations impairing its functions. 683 

5.2.8 Rated conditional residual short-circuit direct current (IΔc) 684 

The value of the residual prospective direct current, assigned by the manufacturer, which an 685 

DC-RCCB, protected by a specified SCPD, can withstand under specified conditions without 686 

undergoing alterations impairing its functions.  687 

5.2.9 Operating characteristics in case of residual currents with non-smooth direct 688 

currents components 689 

5.2.9.1 DC-RCCB type DC 690 

A DC-RCCB for which tripping is ensured for residual smooth direct currents, whether suddenly 691 

applied or slowly rising. 692 

5.2.9.2 DC-RCCB type DC+ 693 

A DC-RCCB for which tripping is ensured for residual smooth direct currents and residual non-694 

smooth direct currents, whether suddenly applied or slowly rising.  695 

NOTE Type DC+ is under study 696 

5.2.10 DC-RCCB type S 697 

A time-delay DC-RCCB which complies with the relevant part of Table 2, if applicable. 698 

5.3 Standard and preferred values 699 

5.3.1 Values of rated operational voltage (Ue) 700 

Preferred values of rated voltage are given in Table 47: 701 

5.3.2 Preferred values of rated direct current (In) 702 

Preferred values of rated direct currents are: 703 

10 A – 13 A – 16 A – 20 A – 25 A – 32 A – 40 A – 63 A – 80 A –100 A – 125 A 704 

5.3.3 Standard values of rated residual operating direct current ( IΔn) 705 

Standard values of rated residual operating direct current are:  706 

0,02 A – 0,08 A – 0,3 A – 0,6 A – 1 A – 2 A – 3 A – 5 A – 10 A – 20 A – 30 A 707 

NOTE 1 The value of 80 mA was the result of a calculation based on the content of clause 6 of IEC 60479-1:2018. 708 

NOTE 2 In Austria the value of 80 mA is considered as provisional until a broader and more solid set of data than 709 
the actual basis of the IEC 60479 series is available for DC.  710 

5.3.4 Standard value of residual non-operating direct current (IΔno) 711 

The standard value of residual non-operating direct current is 0,5 IΔn. 712 
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5.3.5 Minimum value of the rated residual direct making and breaking capacity ( IΔm) 713 

The minimum value of the rated residual direct making and breaking capacity ( IΔm) is 10 In or 714 

500 A, whichever is the greater. 715 

5.3.6 Preferred values of the rated conditional short-circuit current (Inc) 716 

The preferred values of the rated conditional short-circuit current for DC-RCCBs without integral 717 

short-circuit protection are: 718 

1 500 A – 3 000 A – 4 500 A – 6 000 A – 10 000 A 719 

5.3.7 Preferred values of the rated conditional residual short-circuit current (IΔc) 720 

The preferred values of the rated conditional short-circuit current for DC-RCCBs without integral 721 

short-circuit protection are: 722 

1 500 A – 3 000 A – 4 500 A – 6 000 A – 10 000 A 723 

5.3.8 Standard limit values of break time and non-actuating time for DC-RCCBs of 724 

type DC and DC+ 725 

5.3.8.1 Standard limit values of break time and non-actuating time for direct residual 726 

currents of type DC 727 

Standard limit values are indicated in Table 11. 728 

5.3.8.2 Standard limit values of break time and non-actuating time for direct residual 729 

currents of type DC+ 730 

Under study. 731 

5.3.9 Standard minimum value of non-operating overcurrent in case of a load 732 

through a DC-RCCB with two current paths 733 

The standard minimum value of the non-operating direct current is 6 In. 734 

5.3.10 Standard minimum value of non-operating overcurrent in case of a single-735 

phase load through a three-pole DC-RCCB or a DC-RCCB with three current 736 

paths 737 

The standard minimum value of the non-operating overcurrent in case of a single-phase load 738 

through a three-pole DC-RCCB is 6 In. 739 

5.3.11 Minimum value of the direct rated making and breaking capacity ( Im) 740 

The minimum value of the direct rated making and breaking capacity Im is 10 In or 500 A, 741 

whichever is the greater. 742 

5.3.12 Minimum value of the rated residual direct making and breaking capacity ( IΔm) 743 

The minimum value of the rated residual direct making and breaking capacity IΔm is 10 In or 744 

500 A, whichever is the greater. 745 

6 Marking and other product information 746 

6.1 Requirements for marking and other information 747 

Each DC-RCCB shall be marked according to Table 2, in a durable manner. 748 
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The suitability for isolation, which is provided by all DC-RCCBs of this standard, may be 749 

indicated by the symbol  on the device. When affixed, this marking may be included 750 

in a wiring diagram, where it may be combined with symbols of other functions.  751 

NOTE In Australia, this marking on the circuit -breaker is mandatory but is not required to be visible after 752 
installation. 753 

When the symbol is used on its own (i.e. not in a wiring diagram), combination with symbols of 754 

other functions is not allowed. 755 

If a degree of protection higher than IP20 according to IEC 60529 is marked on the device, it 756 

shall comply with it, whichever the method of installation. If the higher degree of protection is 757 

obtained only by a specific method of installation and/or with the use of specific accessories 758 

(e.g. terminal covers, enclosures, etc.), this shall be specified in the manufacturer’s literature.  759 

For DC-RCCBs classified according to 4.1.4 and 4.1.5 and opening with delay in case of failure 760 

of the line voltage, the manufacturer shall state in its documentation the range of such delay.  761 

The manufacturer shall state the Joule integral I²t and the peak current Ip withstand capabilities 762 

of the DC-RCCB. Where these are not stated, minimum values as given in Table 36 apply. 763 

The manufacturer shall give the type designation or catalogue number of one or more suitable 764 

SCPD(s) in its catalogue. 765 

DC-RCCBs other than those operated by means of push-button, the open position shall be 766 

indicated by the symbol "" and the closed position by the symbol "" (a short straight line). 767 

Additional national symbols are allowed for this indication. Provisionally, the use of national 768 

indications only is allowed. These indications shall be readily visible when the DC -RCCB is 769 

installed. 770 

For DC-RCCBs operated by means of two push-buttons, the push-button designed for the 771 

opening operation only shall be red and/or be marked with the symbol " ". 772 

RED shall not be used for any other push-button of the DC-RCCB. 773 

If a push-button is used for closing the contacts and is evidently identified as such, its depressed 774 

position is sufficient to indicate the closed position.  775 

If a single push-button is used for closing and opening the contacts and is identified as such, 776 

the button remaining in its depressed position is sufficient to indicate the closed position. On 777 

the other hand, if the button does not remain depressed, an additional means indicating the 778 

position of the contacts shall be provided.  779 

Terminals intended for the protective conductor, if any, shall be indicated by the symbol   780 

(IEC 60417-5019:2006-08). 781 

Terminals intended for the functional earth conductor (FE), if any, shall be indicated by the 782 

letters “FE”. 783 

Universal terminals: 784 

– no marking. 785 

Non-universal terminals: 786 

– terminals declared for rigid-solid conductors shall be marked by the letters "sol";  787 

– terminals declared for rigid (solid and stranded) conductors shall be marked by the letter 788 

"r"; 789 

– terminals declared for flexible conductors shall be marked by the letter "f".  790 
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The marking of non-universal terminals should appear on the device or, if the space 791 

available is not sufficient, on the smallest package unit or in technical information. 792 

Marking shall be indelible, easily legible and not be placed on screws, washers or other 793 

removable parts.  794 

Compliance is checked by inspection and by the test of 9.3. 795 

7 Conditions for operation in service 796 

7.1 Preferred ranges of application, reference values of influencing quantities/factors 797 

and associated test tolerances 798 

DC-RCCBs complying with this document shall be capable of operating under the standard 799 

conditions shown in Table 1. 800 

7.2 Conditions of installation 801 

DC-RCCBs shall be installed in accordance with the manufacturer's instructions.  802 

7.3 Pollution degree 803 

DC-RCCBs are intended for an environment with pollution degree 2, i.e. normally, only 804 

non-conductive pollution occurs. However, occasionally, temporary conductivity caused by 805 

condensation may be expected. 806 

8 Requirements for construction and operation 807 

8.1 Mechanical design 808 

8.1.1 General 809 

DC-RCCBs shall be designed and constructed so that, in normal use, their operation is safe 810 

and without danger to the user or to the environment.  811 

The residual current detection and the residual current release shall be located between the 812 

incoming and outgoing terminals of the DC-RCCB. 813 

It shall not be possible to alter the operating characteristics of the DC -RCCB by means of 814 

external interventions other than those specifically intended for changing the setting of the 815 

residual operating current or of the time delay.  816 

Changing from one setting to another shall not be possible without a tool. It shall not be possible 817 

to disable or inhibit the DC-RCCB function by any means. 818 

NOTE In Austria, Australia, Germany, Denmark, Italy, the UK, Ireland and Switzerland, multiple settings 819 
are not allowed. 820 

DC-RCCBs with continuously adjustable settings are not allowed.  821 

Provisions for remote tripping of the DC-RCCB, if any, shall: 822 

– not cause any current to the PE; 823 

– not cause any fault voltage when actuated, and 824 

– not impair the isolation function of the DC-RCCB. 825 

DC-RCCBs shall not be operated by introduction of an external connection for the purpose of 826 

intentionally creating a residual current to trip the DC-RCCB. 827 
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NOTE 1 This does not preclude the use of an DC-RCCB with a functional earth connection.  828 

NOTE 2 This does not preclude the use of a test instrument  829 

NOTE 3 This requirement does not apply in Japan 830 

8.1.2 Mechanism 831 

All poles of multipole DC-RCCBs shall be mechanically coupled so that all poles, except the 832 

mid-point M-pole, if any, make and break substantially together, whether operated manually or 833 

automatically. 834 

The mid-point M-pole of three-pole DC-RCCBs shall not close after and shall not open before 835 

the other poles. 836 

Compliance is checked by inspection and by manual tests, using any appropriate means 837 

(example: indicator lights, oscilloscope, etc.).  838 

DC-RCCBs shall have a trip-free mechanism. 839 

It shall be possible to switch the DC-RCCB ON and OFF by hand. For plug-in DC-RCCBs without 840 

an operating handle, this requirement is not considered to be met by the fact that the DC -RCCB 841 

can be removed from its base. 842 

DC-RCCBs shall be so constructed that the moving contacts can come to rest only in the closed 843 

position or in the open position, even when the operating means is released in an intermediate 844 

position. 845 

DC-RCCBs shall provide in the open position an isolation distance in accordance with the 846 

requirements necessary to satisfy the isolating function (see 8.3). 847 

Indication of the position of the main contacts shall be provided by one or both of the following 848 

means: 849 

– the position of the actuator (this being preferred); or  850 

– a separate mechanical indicator. 851 

If a separate mechanical indicator is used to indicate the position of the main contacts, this 852 

shall show the colour red for the closed position and the colour green for the open position.  853 

NOTE In the US, the colours red and green are not used for contact position indication.  854 

The means of indication of the contact position shall be reliable.  855 

DC-RCCBs shall be designed so that the actuator, front plate or cover can only be correctly 856 

fitted in a manner which ensures correct indication of the contact position.  857 

When means are provided or specified by the manufacturer to lock the operating means in the 858 

open position, locking in that position shall only be possible when the main contacts are in the 859 

open position. 860 

Locking of the operating means in the closed position is permitted.  861 

Compliance is checked by inspection, taking into account the instructions of the manufacturer.  862 

Where the operating means is used to indicate the position of the contacts, the operating 863 

means, when released, shall automatically take up the position corresponding to that of the 864 

moving contacts; in this case, the operating means shall have two distinct rest positions 865 

corresponding to the position of the contacts but, for automatic opening, a third distinct position 866 

of the operating means may be provided, in which case it shall be necessary to reset the DC -867 

RCCB manually before reclosing is possible.  868 
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When an indicator light is used, this shall be lit when the DC-RCCB is in the closed position 869 

and be of bright colour. The indicator light shall not be the only means to indicate the closed 870 

position. 871 

The action of the mechanism shall not be influenced by the position of enclosures or covers 872 

and shall be independent of any removable part.  873 

A cover sealed in position by the manufacturer is considered to be a non-removable part. 874 

If the cover is used as a guiding means for push-buttons, it shall not be possible to remove the 875 

buttons from the outside of the DC-RCCB. 876 

Operating means shall be securely fixed on their shafts and it shall not be possible to remove 877 

them without the aid of a tool. 878 

Operating means directly fixed to covers are allowed. If the operating means has an "up -down" 879 

movement, when the DC-RCCB is mounted as in normal use, the contacts shall be closed by 880 

the up movement. 881 

Compliance is checked by inspection, by manual test and, for the trip -free mechanism, by the 882 

test of 9.11 and 9.15. 883 

8.1.3 Clearances and creepage distances 884 

8.1.3.1 General 885 

The minimum required clearances and creepage distances are given in Table 20 which is based 886 

on the DC-RCCB being designed for operating in an environment with pollution degree  2. 887 

Parts of PCBs connected to the live parts protected against pollution by the use of a type  2 888 

protection according to IEC 60664-3 are exempt from this verification. 889 

The insulating materials are classified into material groups on the basis of their comparative 890 

tracking index (CTI) according to IEC 60664-1. 891 

NOTE 1 The comparative tracking index (CTI) is declared by the manufacturer on the basis of tests carried out on 892 
the insulating material.  893 

NOTE 2 Information on the requirements for design of solid insulation is provided in IEC 60664-1. 894 

For clearances on printed wiring material, Footnote c in Table F.2 of IEC 60664-1:2020 applies: 895 

"For printed wiring material, the values for pollution degree 1 apply except that the value shall 896 

not be less than 0,04 mm, as specified in Table F.5 of IEC 60664-1:2020. A protection by means 897 

of a solder resist of high quality is the minimum requirement to allow this clearance reduction".  898 

All measurements required in this Subclause 8.1.3 are carried out in Test Sequence A on one 899 

sample. Tests according to 9.7 are carried out in Test Sequence B on three samples. 900 

8.1.3.2 Clearances 901 

Compliance for item 1 in Table 20 is checked by measurement and by the tests of 9.7.7.3. The 902 

test is carried out with samples not submitted to the humidity treatment described in  9.7.1. 903 

Compliance for items 2 and 4 in Table 20 is checked by measurement and, if the clearances 904 

are reduced, by the tests of 9.7.7.2. 905 

The clearances of items 2 and 4 in Table 20 (except for accessible surfaces after installation, 906 

see below) may be reduced provided that the measured clearances are not shorter than the 907 

minimum allowed in IEC 60664-1 for homogenous field conditions. In this case, compliance for 908 

items 2 and 4 is always checked by the test of 9.7.7.2. 909 
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Accessible surface after installation means any surface accessible by the user when the DC-910 

RCCB is installed according to the manufacturer's instructions. The test finger can be applied 911 

to determine whether a surface is accessible or not.  912 

Compliance for item 3 in Table 20 is checked by measurement. 913 

8.1.3.3 Creepage distances 914 

Compliance for items 1, 2, 3 and 4 in Table 20 is checked by measurement. 915 

8.1.3.4 Solid insulation 916 

Compliance is checked by the tests according to 9.7.2, 9.7.3, 9.7.4, 9.7.5 and 9.7.7 as 917 

applicable. 918 

8.1.3.5 Additional requirements for control circuits connected to the main circuit  919 

Compliance is checked by the test of 9.7.6. 920 

8.1.4 Screws, current carrying parts and connections 921 

8.1.4.1 Connections 922 

Connections, whether electrical or mechanical, shall withstand the stresses occurring in normal 923 

use. 924 

Screws operated when mounting the DC-RCCB during installation shall not be of the 925 

thread-cutting type. 926 

Screws (or nuts) which are operated when mounting the DC-RCCB include screws for fixing 927 

covers or cover-plates, but not connecting means for screwed conduits and for fixing the base 928 

of a DC-RCCB. 929 

NOTE Screwed connections are considered to be checked by the tests of 9.8, 9.11, 9.12, 9.13 and 9.21. 930 

Compliance is checked by inspection, by manual test and by the test of 9.4. 931 

8.1.4.2 Screws in engagement with a thread of insulating material  932 

For screws in engagement with a thread of insulating material and which are operated when 933 

mounting the DC-RCCB during installation, correct introduction of the screw into the screw hole 934 

or nut shall be ensured. 935 

Compliance is checked by inspection and by manual test.  936 

The requirement with regard to correct introduction is met if introduction of the screw in a 937 

slanting manner is prevented, for example by guiding the screw by the part to be fixed, by a 938 

recess in the female thread or by the use of a screw with the leading thread removed.  939 

8.1.4.3 Electrical connections 940 

Electrical connections shall be so designed that contact pressure is not transmitted through 941 

insulating material other than ceramic, pure mica or other material with characteristics no less 942 

suitable, unless there is sufficient resilience in the metallic parts to compensate for any possible 943 

shrinkage or yielding of the insulating  material. 944 

Compliance is checked by inspection. 945 

NOTE The suitability of the material is considered in respect of the stability of the dimensions.  946 
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8.1.4.4 Current-carrying parts 947 

Current-carrying parts and parts intended for protective conductors, if any, shall be made of a 948 

metal having, under the conditions occurring in the equipment, mechanical  strength, electrical 949 

conductivity and resistance to corrosion adequate for their intended use.  950 

Examples of suitable materials are given below: 951 

• copper; 952 

• an alloy containing at least 58 % copper for parts worked cold, or at least 50 % copper for 953 

other parts; 954 

• other metal or suitably coated metal, no less resistant to corrosion than copper and having 955 

mechanical properties no less suitable.  956 

If using ferrous alloys or suitably coated ferrous alloys, compliance to resistance to corrosion 957 

is checked by a test of resistance to rusting according to 9.23. 958 

The requirements of this Subclause 8.1.4.4 do not apply to contacts, magnetic circuits, heater 959 

elements, bimetals, shunts, electronic components, printed circuit boards, nor to screws, nuts, 960 

washers, clamping plates, similar parts of terminals and parts of the test circuit.  961 

8.1.5 Terminals for external conductors 962 

8.1.5.1  963 

Terminals for external conductors shall be such that the conductors may be connected so as to 964 

ensure that the necessary contact pressure is maintained permanently.  965 

Connection arrangements intended for busbar connection are admissible, provided they are not 966 

used for the connection of cables. 967 

The terminals shall be readily accessible under the intended conditions of use.  968 

Compliance is checked by inspection, by the tests of 9.5 for screw-type terminals, by specific 969 

tests for plug-in or bolt-on DC-RCCBs included in this document, or by the tests of IEC 62873-970 

3-1, IEC 62873-3-2, as relevant for the type of connection.  971 

8.1.5.2  972 

DC-RCCBs shall be provided with one of the following:  973 

– terminals which shall allow the connection of copper conductors having nominal cross -974 

sectional areas as shown in Table 24; or 975 

NOTE Examples of possible designs of screw-type terminals are given in Annex H. 976 

– screwless type terminals for copper conductors according to IEC 62873-3-1; or 977 

– flat quick-connect terminals for copper conductors according to IEC 62973-3-2. 978 

Compliance for terminals according to the first indent is checked by inspection, by measurement 979 

and by fitting in turn one conductor of the smallest and one of the largest cross -section as 980 

specified in Table 24. 981 

8.1.5.3  982 

The means for clamping the conductors in the terminals shall not serve to fix any other 983 

component, although they may hold the terminals in place or prevent them from turning.  984 

Compliance is checked by inspection. 985 
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8.1.5.4  986 

Terminals for rated direct currents up to and including 32 A shall allow the conductors to be 987 

connected without special preparation. 988 

Compliance is checked by inspection. 989 

NOTE The term "special preparation" covers soldering of wire of the conductor, use of cable lugs, formation of 990 
eyelets, etc., but not the reshaping of the conductor before its introduction into the terminal or the twisting of a flexible  991 
conductor to consolidate the end.  992 

8.1.5.5  993 

Terminals shall have adequate mechanical strength for the intended use . 994 

Screws and nuts for clamping the conductors shall have a metric ISO  thread or a thread 995 

comparable in pitch and mechanical strength.  996 

Compliance is checked by inspection and by the tests of 9.4 and 9.5.2. 997 

8.1.5.6  998 

Terminals shall be so designed that they clamp the conductor without undue damage to the 999 

conductor. 1000 

Compliance is checked by inspection and by the test of 9.5.3. 1001 

8.1.5.7  1002 

Terminals shall be so designed that they clamp the conductor reliably and between metal 1003 

surfaces. 1004 

Compliance is checked by inspection and by the tests of 9.4 and 9.5.2. 1005 

8.1.5.8  1006 

Terminals shall be so designed or positioned that neither a rigid solid conductor nor a wire of a 1007 

stranded conductor can slip out while the clamping screws or nuts are tightened.  1008 

This requirement does not apply to lug terminals.  1009 

Compliance is checked by the test of 9.5.4. 1010 

8.1.5.9  1011 

Terminals shall be so fixed or located that, when the clamping screws or nuts are tightened or 1012 

loosened, their fixings do not work loose.  1013 

These requirements do not imply that the terminals shall be so designed that their rotation or 1014 

displacement is prevented, but any movement shall be sufficiently limited so as to prevent 1015 

non-compliance with the requirements of this document.  1016 

The use of sealing compound or resin is considered to be sufficient for preventing a terminal 1017 

from working loose, provided that  1018 

– the sealing compound or resin is not subject to stress during normal use;  1019 

– the effectiveness of the sealing compound or resin is not impaired by temperatures attained 1020 

by the terminal under the most unfavourable conditions specified in this document.  1021 

Compliance is checked by inspection, by measurement and by the test of 9.4. 1022 
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8.1.5.10  1023 

Clamping screws or nuts of terminals intended for the connection of protective conductors shall 1024 

be adequately secured against accidental loosening and it shall not be possible to unclamp 1025 

them without the use of a tool. 1026 

Compliance is checked by manual test.  1027 

In general, the designs of terminals of which examples are shown in Annex H provide sufficient 1028 

resilience to comply with this requirement; for other designs special provisions, such as the use 1029 

of an adequately resilient part which is not likely to be removed inadvertently, may be 1030 

necessary. 1031 

8.1.5.11  1032 

Screws and nuts of terminals intended for the connection of external conductors shall be in 1033 

engagement with a metal thread and the screws shall not be of the thread cutting type.  1034 

Compliance is checked by inspection. 1035 

8.1.5.12  1036 

This Subclause applies to DC-RCCBs classified according to 4.1.3. 1037 

The rated connecting capacity of the FE terminal shall not exceed 2,5 mm2 and it shall not be 1038 

possible to connect a wire greater than 2,5 mm2. 1039 

The DC-RCCB FE-wire shall have a cross-section of at least 0,75 mm2. 1040 

Compliance is checked by the tests of 9.26, inspection and measurement.  1041 

8.2 Protection against electric shocks 1042 

DC-RCCBs shall be so designed that, when they are mounted and wired as for normal use, live 1043 

parts are not accessible. 1044 

NOTE The term "normal use" implies that DC-RCCBs be installed according to the manufacturer's instructions.  1045 

A part is considered to be "accessible" if it can be touched by the standard test finger ( Figure 1). 1046 

For DC-RCCBs other than those of the plug-in type, external parts, other than screws or other 1047 

means for fixing covers and labels, which are accessible when the DC-RCCBs are mounted and 1048 

wired as in normal use, shall either be of insulating material, or be lined throughout with 1049 

insulating material. 1050 

Linings shall be fixed in such a way that they are not likely to be lost during installation of the 1051 

DC-RCCBs. They shall have adequate thickness and mechanical strength and shall provide 1052 

adequate protection at places where sharp edges occur.  1053 

Inlet openings for cables or conduits shall either be of insulating material or be provided with 1054 

bushings or similar devices of insulating material. Such devices shall be reliably fixed and shall 1055 

have adequate mechanical strength. 1056 

For plug-in DC-RCCBs, external parts other than screws or other means for fixing covers, which 1057 

are accessible for normal use, shall be of insulating material.  1058 

Metallic operating means shall be insulated from live parts and their conductive parts which 1059 

otherwise would be "exposed conductive parts" shall be covered by insulating material, with the 1060 

exception of means for coupling insulated operating means of several poles.  1061 
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Metal parts of the mechanism shall not be accessible. In addition, they shall be insulated from 1062 

accessible metal parts, from metal frames supporting the base of flush -type DC-RCCBs, from  1063 

screws or other means for fixing the base to its support and from metal plates used as support.  1064 

It shall be possible to replace plug-in DC-RCCBs easily without touching live parts.  1065 

Lacquer and enamel are not considered to provide adequate insulation for the purpose of this 1066 

subclause. 1067 

Compliance is checked by inspection and by the test of 9.6. 1068 

8.3 Dielectric properties and isolating capability 1069 

DC-RCCBs shall have adequate dielectric properties.  1070 

Control circuits connected to the main circuit shall not be damaged by high DC voltage due to 1071 

insulation measurements which are normally carried out after DC-RCCBs are installed. 1072 

DC-RCCBs shall ensure isolation. 1073 

Compliance is checked by the tests of 9.7. 1074 

8.4 Temperature rise 1075 

8.4.1 General 1076 

The DC-RCCB shall not suffer damage impairing its functions and its safe use taking into 1077 

account the ambient air temperature at which they are intended to be used.  1078 

Compliance is checked by the tests of 9.8. 1079 

8.4.2 Temperature-rise limits 1080 

The temperature-rises of the parts of a DC-RCCB specified in Table 28, measured under the 1081 

conditions specified in 9.8.2, shall not exceed the limiting values stated in Table 28. 1082 

8.4.3 Ambient air temperature 1083 

The temperature-rise limits given in Table 28 are applicable only if the ambient air temperature 1084 

remains between the limits given in Table 1. 1085 

8.5 Operating characteristics 1086 

8.5.1 General 1087 

DC-RCCBs shall operate according to the requirements of the following subclauses, as 1088 

applicable. 1089 

8.5.2 Operation in response to DC residual current 1090 

8.5.2.1 General 1091 

The tripping characteristic of DC-RCCBs shall ensure adequate protection against residual 1092 

current without premature operation. 1093 

The tests shall verify the operation of the DC-RCCBs within their voltage range according to 1094 

the classification. 1095 

Compliance is checked by the tests of 9.9. 1096 
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8.5.2.2 Residual smooth direct currents 1097 

DC-RCCBs shall operate in response to a steady increase of residual smooth direct current 1098 

within specified limits of the rated residual non-operating direct current (IΔno) and the operating 1099 

direct current (IΔn) in accordance with Table 13. 1100 

The limits shall be independent of the polarity of the smooth direct residual current. 1101 

8.5.2.3 Residual non-smooth direct currents 1102 

NOTE Under study 1103 

8.5.3 Operation in presence of a residual current equal to and greater than IΔn 1104 

8.5.3.1 DC-RCCBs without time-delay 1105 

The operation of DC-RCCBs to a suddenly applied residual current shall be in accordance with 1106 

Table 11 for general type and whatever the polarity, if any. 1107 

Compliance is checked by the tests of 9.9. 1108 

8.5.3.2 DC-RCCBs with time-delay 1109 

The operation and non-operation of DC-RCCBs to a suddenly applied residual current shall be 1110 

in accordance with Table 11 for S type and whatever the polarity, if any.  1111 

Compliance is checked by the tests of 9.9. 1112 

8.6 Mechanical and electrical endurance 1113 

DC-RCCBs shall be capable of performing an adequate number of mechanical and electrical 1114 

operations. 1115 

Compliance is checked by the test of 9.10. 1116 

8.7 Performance at short-circuit and small direct currents 1117 

DC-RCCBs shall be capable of performing a specified number of short -circuit operations during 1118 

which they shall neither endanger the operator nor initiate a flashover between live conductive 1119 

parts or between live conductive parts and earth.  1120 

For coordination with short circuit protective devices (SCPDs), DC-RCCBs shall be protected 1121 

against short-circuits by means of circuit-breakers or fuses complying with their relevant 1122 

standards. 1123 

The association of a short-circuit protective device with an DC-RCCB is intended to ensure 1124 

adequate protection of the residual current device from the effects of short -circuit currents. 1125 

The short-circuit protective device shall be selected according to the following characteristics 1126 

in line with the characteristics of the DC-RCCB: 1127 

a) maximum let-through I2t; 1128 

a) maximum value of let-through peak current Ip. 1129 

The rating and type of SCPD shall be the same for 5.2.7 and 5.2.8. 1130 

Coordination between DC-RCCBs and the SCPD shall be verified under the general conditions 1131 

of 9.11.2.1 by means of the tests described in 9.11.2.4 which are designed to verify that there 1132 

is an adequate protection of the DC-RCCBs against short-circuit currents up to the conditional 1133 

short-circuit direct current Inc and up to the conditional residual short-circuit direct current IΔc. 1134 
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Compliance is checked by the tests of 9.1.1. 1135 

8.8 Resistance to mechanical shocks and impact 1136 

DC-RCCBs shall have adequate mechanical behaviour so as to withstand the stresses imposed 1137 

during installation and use. 1138 

Compliance is checked by the test of 9.12. 1139 

8.9 Resistance to heat 1140 

DC-RCCBs shall be sufficiently resistant to heat.  1141 

Compliance is checked by the test of 9.13. 1142 

8.10 Resistance to abnormal heat and to fire 1143 

External parts of DC-RCCBs made of insulating material shall not be liable to ignite and to 1144 

spread fire if current-carrying parts in their vicinity, under fault or overload conditions, attain a 1145 

high temperature. The resistance to abnormal heat and to fire of the other parts made of 1146 

insulating material is considered as checked by the other tests of this document.  1147 

Compliance is checked by inspection and by the test of 9.14. 1148 

8.11 Test device 1149 

DC-RCCBs shall be provided with a test device to simulate the passing through the detecting 1150 

device of a residual current in order to allow a periodic testing of the ability of the residual 1151 

current device to operate.  1152 

NOTE The test device is intended to check the tripping function, not the value at which this function is effective with 1153 
respect to the rated residual operating current and the break times.  1154 

The ampere-turns produced when operating the test device of a DC-RCCB supplied at rated 1155 

operational voltage or at the highest value of the voltage range, if applicable, shall not exceed 1156 

2,5 times the ampere-turns produced, when a residual direct current equal to IΔn 
is passed 1157 

through one of the poles of the DC-RCCB. 1158 

In the case of DC-RCCBs having several settings of residual operating current, the lowest 1159 

setting for which the DC-RCCBs have been designed shall be used. 1160 

The protective conductor of the installation shall not become live when the test device is 1161 

operated. 1162 

It shall not be possible to energize the circuit on the load side by operating the test device when 1163 

the DC-RCCB is in the open position and connected as in normal use.  1164 

The test device shall not be the sole means of performing the opening operation and is not 1165 

intended to be used for this function. 1166 

Compliance is checked by inspection and by the tests of 9.16. 1167 

8.12 Requirements for DC-RCCBs in case of loss of supply 1168 

DC-RCCBs shall operate according to their supply conditions classification (see 4.1). 1169 

DC-RCCBs classified according to 4.9.3 or 4.9.4 shall operate also in case of loss of one supply 1170 

conductor, line or mid-point M. 1171 
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For DC-RCCBs classified according to 4.1.4 and 4.1.5, Ux shall not be greater than 0,85 Ue (or, 1172 

if relevant, 0,85 times the minimum value of the range of rated voltages).  1173 

DC-RCCBs classified according to 4.1.5 shall not reclose automatically after opening due to a 1174 

residual current.  1175 

Compliance is checked by the test of 9.17. 1176 

8.13 Behaviour of DC-RCCBs in case of overcurrent in the main circuit  1177 

DC-RCCBs without integral overcurrent protection shall not operate under specified conditions 1178 

of overcurrents. 1179 

Compliance is checked by the test of 9.18. 1180 

8.14 Behaviour of DC-RCCBs in case of current surges caused by impulse voltages 1181 

DC-RCCBs shall adequately withstand the current surges to earth:  1182 

- due to the loading of the capacitances of the installation, or  1183 

- due to surges of atmospheric origin.  1184 

DC-RCCBs of type S shall withstand and shall have adequate resistance against unwanted 1185 

tripping in the event of surge current to earth:  1186 

- due to the loading of the capacitances of the installation, or  1187 

- due to surges of atmospheric origin, or  1188 

- due to flashovers causing follow currents.  1189 

Compliance is checked by the test of 9.19. 1190 

8.15 Reliability 1191 

DC-RCCBs shall operate reliably even after long service, taking into account the ageing of their 1192 

components. 1193 

Compliance is checked by the tests of 9.20 and 9.21. 1194 

8.16 Electromagnetic compatibility (EMC) 1195 

DC-RCCBs shall operate reliably, even in presence of electromagnetic disturbances, and shall 1196 

comply with relevant EMC requirements.  1197 

In addition, the operating characteristics shall not be affected by high frequency ripple. This  1198 

requirement is verified with the test 9.22.2.9 for ripple immunity. 1199 

Compliance is checked by the tests of 9.22.  1200 

8.17 Resistance to temporary overvoltage (TOV) 1201 

DC-RCCBs shall adequately withstand temporary overvoltages due to various phenomena.  1202 

Withstand values of overvoltage and duration are given in Table 30, U(L to M) being the nominal 1203 

value between L+ or L- to mid-point M.  1204 
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Compliance with the above requirements is checked by the tests of 9.24. 1205 

8.18 Resistance to rusting  1206 

Ferrous parts shall be adequately protected against rusting.  1207 

Compliance is checked by the test of 9.23. 1208 

8.19 Behaviour in case of making inrush current 1209 

Under consideration 1210 

8.20 Requirements for electronic components 1211 

Under consideration 1212 

8.21 Standing current in the FE under normal conditions 1213 

This subclause applies to DC-RCCBs classified according to 4.1.3. 1214 

The standing current from the FE through the protective conductor shall not exceed 1 mA under 1215 

normal supply conditions. 1216 

Compliance is checked by the test of 9.27. 1217 

8.22 Standing current in the FE in case of D C - RCCB supplied from just one line 1218 

and FE 1219 

This subclause applies to DC-RCCBs classified according to 4.1.3. 1220 

When the DC-RCCB is supplied from just one line and FE, the standing current from the FE 1221 

through the protective conductor shall not exceed 2 mA.  1222 

Compliance is checked by the test of 9.27. 1223 

9 Tests 1224 

9.1 General 1225 

The characteristics of DC-RCCBs are checked by means of type tests.  1226 

For certification purposes, type tests are carried out in test sequences.  1227 

NOTE: The term "certification" denotes:  1228 

- either manufacturer's declaration of conformity; or  1229 

- third-party certification, for example by an independent certification body.  1230 

The test sequences and the number of samples are provided in Annex A.  1231 

Unless otherwise specified, each type test (or sequence of type tests) is carried out on DC -1232 

RCCBs in a clean and new condition, the influencing quantities having their normal reference 1233 

values (seeTable 1).  1234 

Routine tests to be carried out by the manufacturer on each device are given in Annex D.  1235 

Guidance for follow-up testing program for DC-RCCBs is provided in Annex J. 1236 
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For DC-RCCBs classified according to 4.10.2 (non-polarized), and for switching tests only, two 1237 

samples shall be tested with one supply polarity and one sample with supply connected in the 1238 

other polarity. 1239 

For DC-RCCBs classified according to 4.11.2 (bi-directional), two samples shall be tested by 1240 

connecting the supply to one side of the device and one sample shall be tested by connecting 1241 

the supply to the other side of the device.  1242 

Unless otherwise specified, DC test voltages and currents shall have a ripple of ω ≤ 5 % or 1243 

have the minimum instantaneous value no lower than the required test value –5 % and shall 1244 

have no maximum instantaneous value higher than +10 % of the required test value.  1245 

9.2 Test conditions 1246 

The DC-RCCB is mounted individually according to the manufacturer's instructions and in free 1247 

air, at an ambient air temperature equal to 20 °C, unless otherwise specified, and is protected 1248 

against undue external heating or cooling.  1249 

DC-RCCBs designed for installation in individual enclosures are tested in the smallest of such 1250 

enclosures specified by the manufacturer.  1251 

NOTE 1 An individual enclosure is an enclosure designed to accept one device only.  1252 

Unless otherwise specified, the DC-RCCB is wired with the appropriate cable of cross-section 1253 

S specified in Table 25 and is fixed on a dull black painted plywood board not less than 20 mm 1254 

thickness, the method of fixing being in compliance with the requirements relating to the 1255 

indications of the manufacturer concerning mounting.  1256 

NOTE 2 For AWG copper conductors, see Annex I.  1257 

Where tolerances are not specified, type tests are carried out at values not less severe than 1258 

those specified in this document.  1259 

During the tests, no maintenance or dismantling of the samples is allowed.  1260 

For the tests of 9.8, 9.9, 9.10, 9.20.2 and 9.21, the DC-RCCB is connected as follows:  1261 

• the connections are made by means of single-core, PVC-insulated copper cables;  1262 

• the connections are in free air and spaced not less than the distance existing between the 1263 

terminals;  1264 

• the minimum length of each temporary connection from terminal to terminal is  1265 

- 1 m for cross-sections up to and including 10 mm2;  1266 

- 2 m for cross-sections larger than 10 mm2. 1267 

The tightening torques to be applied to the terminal screws are two-thirds of those specified in 1268 

Table 26.  1269 

For DC-RCCBs with dependent manual operation, an operating speed of 0,1 m/s ±25 % shall 1270 

be used during actuation for the tests of 9.10 and 9.11. The speed is measured at the extremity 1271 

when and where the operating means of the test apparatus touches the actuating means of the 1272 

DC-RCCB under test. For rotary knobs, the angular velocity shall correspond substantially to 1273 

the above conditions, referred to the speed of the operating means (at its extremities) of the 1274 

DC-RCCB under test.  1275 

NOTE 3 In Japan, on request of the manufacturer, a different operating speed can be used for tests in  9.10 and 1276 
9.11. 1277 

 1278 
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9.3 Test of indelibility of marking 1279 

The test is carried out by rubbing the marking by hand for 15  s with a piece of cotton soaked 1280 

with water and again for 15 s with a piece of cotton soaked with aliphatic solvent hexane with 1281 

a content of aromatics of maximum 0,1 % volume, initial boiling point approximately 65 °C, dry 1282 

point approximately 69 °C and specific gravity of 0,68 g/cm3. 1283 

Aliphatic solvent hexane having both the main composition required by this document and CAS 1284 

No. 110-54-3 is acceptable. 1285 

Marking made by impressing, moulding, engraving or laser printing is not subjected to this test.  1286 

After this test, the marking shall be easily legible. The marking shall also remain easily legible 1287 

after all the tests of this document. 1288 

It shall not be easily possible to remove labels and they shall show no curling.  1289 

9.4 Test of reliability of screws, current-carrying parts and connections 1290 

Compliance with the requirements of 8.1.4 is checked by inspection and, for screws and nuts 1291 

which are operated when connecting the DC-RCCB, by the following test. 1292 

The screws or nuts are tightened and loosened:  1293 

- 10 times for screws in engagement with a thread of insulating material;  1294 

- 5 times in all other cases. 1295 

Screws or nuts in engagement with a thread of insulating material are completely removed and 1296 

re-inserted each time. 1297 

The test is carried out by means of a suitable test screwdriver or spanner applying a torque as  1298 

shown in Table 26. 1299 

The screws and nuts shall be tightened in one smooth and continuous motion.  1300 

The test is carried out with rigid conductors only, having the largest connectable cross -section 1301 

specified in Table 24, solid or stranded, whichever is the more unfavourable. The conductor is 1302 

moved each time the screw or nut is loosened.  1303 

Column I applies to screws without head if the screw, when tightened, does not protrude from  1304 

the hole, and to other screws which cannot be tightened by means of a screwdriver with a blade 1305 

wider than the diameter of the screw. 1306 

Column II applies to other screws which are tightened by means of a screwdriver.  1307 

Column III applies to screws and nuts which are tightened by means other than a screwdriver.  1308 

Where a screw has a hexagonal head with a slot for tightening with a screwdriver and the values 1309 

in column II and column III are different, the test is carried out twice, first applying to the 1310 

hexagonal head the torque specified in column III and then, on another sample, applying the 1311 

torque specified in column II by means of a screwdriver. If the values in column  II and column III 1312 

are the same, only the test with the screwdriver is carried out.  1313 

During the test, the screwed connections shall not work loose and there shall be no damage, 1314 

such as breakage of screws or deterioration to the head slots, threads, washers or stirrups, that 1315 

will impair the further use of the DC-RCCB. 1316 

Moreover, enclosures and covers shall not be damaged.  1317 
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9.5 Test of reliability of screw-type terminals for external copper conductors 1318 

9.5.1     1319 

Compliance with the requirements of 8.1.5 is checked by inspection, by the test of 9.4, for which 1320 

a rigid copper conductor having the largest cross-section specified in Table 24 is placed in the 1321 

terminal (for nominal cross-sections exceeding 6 mm2, a rigid stranded conductor is used; for 1322 

other nominal cross-sections, a solid conductor is used), and by the tests of 9.5.2, 9.5.3 and 1323 

9.5.4.  1324 

The tests of 9.5.2, 9.5.3 and 9.5.4 are carried out using a suitable test screwdriver or spanner, 1325 

and applying the torque specified in Table 26. 1326 

The terminals are fitted with copper conductors of the  same type (solid, stranded or flexible)  of 1327 

the smallest and largest cross-sections specified in Table 24. 1328 

9.5.2     1329 

The terminal shall be suitable for all types of conductors: rigid (solid or stranded) and flexible, 1330 

unless otherwise specified by the manufacturer.  1331 

Terminals shall be tested with the minimum and maximum cross-section of each type of 1332 

conductors on new terminals as follows: 1333 

• tests for solid conductors shall use conductors having cross-sections from 1 mm2 up to 1334 

6 mm2, as applicable; 1335 

• tests for stranded conductors shall use conductors having cross -sections from 1,5 mm2 up 1336 

to 50 mm2, as applicable; 1337 

• tests for flexible conductors shall use conductors having cross -sections from 1 mm2 up to 1338 

35 mm2, as applicable. 1339 

NOTE Information on AWG is given in Annex I. 1340 

The conductor is inserted into a new terminal for the minimum distance specified or, where no 1341 

distance is specified, until it just projects from the far side, and in the position most likely to 1342 

assist the wire to escape. 1343 

The clamping screws are then tightened with a torque equal to two-thirds of that shown in the 1344 

appropriate column of Table 26. 1345 

Each conductor is then subjected to a pull of the value, in newtons, shown in Table 27, 1346 

according to the relevant cross-section of the tested conductor. 1347 

The pull is applied without jerks, for 1 min, in the direction of the axis of the conductor space.  1348 

When it is necessary, the tested values, for the different cross-sections with the relevant pulling 1349 

force, shall be clearly indicated in the test report.  1350 

During the test, the conductor shall not move noticeably in the terminal.  1351 

9.5.3     1352 

The terminals are fitted with copper conductors of the smallest and largest cross -sections 1353 

specified in Table 24, solid or stranded, whichever is the more unfavourable, and the terminal 1354 

screws are tightened with a torque equal to two-thirds of that shown in the appropriate column 1355 

of Table 26. 1356 

The terminal screws are then loosened and the part of the conductor which may have been 1357 

affected by the terminal is inspected. 1358 
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The conductors shall show no undue damage or severed wires.  1359 

NOTE Conductors are considered to be unduly damaged if they show deep or sharp indentations.  1360 

During the test, terminals shall not work loose and there shall be no damage, such as breakage 1361 

of screws or damage to the head slots, threads, washers or stirrups, that will impair the further 1362 

use of the terminal.  1363 

9.5.4     1364 

The terminals are fitted with the largest cross-section area specified in Table 24 for stranded 1365 

and/or flexible copper conductor. 1366 

Before insertion in the terminal, the strands of the conductor are suitably reshaped.  1367 

The conductor is inserted into the terminal until the conductor reaches the bottom of the terminal 1368 

or just projects from the far side of the terminal and in the position most likely to permit a strand 1369 

(or strands) to escape. The clamping screw or nut is then tightened with a torque equal to 1370 

two-thirds of that shown in the appropriate column of Table 26. 1371 

After the test, no strand of the conductor shall have escaped outside the retaining device.  1372 

9.6 Verification of protection against electric shock 1373 

This requirement is applicable to those parts of DC-RCCBs which are exposed to the operator 1374 

when mounted as for normal use. 1375 

The test is made with the standard test finger shown in Figure 1 on the DC-RCCB mounted as 1376 

for normal use (see note of 8.2) and fitted with conductors of the smallest and largest 1377 

cross-sections which may be connected to the DC-RCCB. 1378 

The standard test finger shall be so designed that each of the jointed sections can be turned 1379 

through an angle of 90° with respect to the axis of the finger, in the same direction only.  1380 

The standard test finger is applied in every possible bending position of a real finger, an 1381 

electrical contact indicator being used to show contact with live parts.  1382 

It is recommended that a lamp be used for the indication of contact and that the voltage be not 1383 

less than 40 V. The standard test finger shall not touch live parts.  1384 

DC-RCCBs with enclosures or covers of thermoplastic material are subjected to the following 1385 

additional test, which is carried out at an ambient air temperature of (35  ± 2) °C, the DC-RCCB 1386 

being at this temperature. 1387 

DC-RCCBs are subjected for 1 min to a force of 75 N, applied through the tip of a straight 1388 

unjointed test finger (probe 11 according to IEC 61032). This finger is applied to all places 1389 

where yielding of insulating material could impair the safety of the DC-RCCB but is not applied 1390 

to knock-outs. 1391 

During this test, enclosures or covers shall not deform to such an extent that live parts can be 1392 

touched with the unjointed test finger.  1393 

Unenclosed DC-RCCBs having parts not intended to be covered by an enclosure are submitted 1394 

to the test with a metal front panel and mounted as for normal use.  1395 
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9.7 Test of dielectric properties 1396 

9.7.1 Resistance to humidity 1397 

9.7.1.1 Preparation of the DC-RCCB for test 1398 

Parts of the DC-RCCB which can be removed without the aid of a tool, are removed and 1399 

subjected to the humidity treatment with the main part; spring lids are kept open during this 1400 

treatment. 1401 

Inlet openings, if any, are left open; if knock-outs are provided, one of them is opened.  1402 

9.7.1.2 Test conditions 1403 

The humidity treatment is carried out in a humidity cabinet containing air with a relative humidity 1404 

maintained between 91 % and 95 %. 1405 

The temperature of the air in which the sample is placed is maintained within 1 °C of any 1406 

convenient value T between 20 °C and 30 °C. 1407 

Before being placed in the humidity cabinet, the sample is brought to a temperature between 1408 

T °C and T °C + 4 °C. 1409 

9.7.1.3 Test procedure 1410 

The sample is kept in the cabinet for 48 h. 1411 

NOTE A relative humidity between 91 % and 95 % can be obtained by placing in the humidity cabinet a saturated 1412 
solution of sodium sulphate (Na2SO4) or potassium nitrate (KNO3) in water having a sufficiently large surface in 1413 

contact with the air. 1414 

In order to achieve the specified conditions within the cabinet, it is recommended to ensure a 1415 

constant circulation of the air within and to use a cabinet which is thermally insulated.  1416 

9.7.1.4 Condition of the DC-RCCB after the test 1417 

After this treatment, the sample shall show no damage within the meaning of this standard and 1418 

shall withstand the tests of 9.7.2, 9.7.3, 9.7.4, 9.7.6 and 9.7.7.2 (if applicable). 1419 

9.7.2 Insulation resistance of the main circuit  1420 

The DC-RCCB having been treated as specified in 9.7.1 is then removed from the cabinet. 1421 

After an interval of between 30 min and 60 min following this treatment, the insulation 1422 

resistance is measured 5 s after the application of a d.c. voltage of approximately 500 V, in the 1423 

following order: 1424 

a) with the DC-RCCB in the open position, between each pair of the terminals which are 1425 

electrically connected together when the DC-RCCB is in the closed position, in turn on each 1426 

pole; 1427 

b) with the DC-RCCB in the closed position, in turn between each pole and the others 1428 

connected together, electronic components connected between current paths being 1429 

disconnected for the test. For DC-RCCBs classified according to 4.1.4 and 4.1.5 not 1430 

remaining in the closed position, each pole is bridged by an external connection;  1431 

c) with the DC-RCCB in the closed position, between all poles connected together and the 1432 

frame including a metal foil or part in contact with the outer surface of the housing of 1433 

insulating material but with the terminal areas kept completely free to avoid flashover 1434 

between terminals and the metal foil. For DC-RCCBs classified according to 4.1.4 and 4.1.5 1435 

not remaining in the closed position, each pole is bridged by an external connection;  1436 
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d) for DC-RCCBs with a metal enclosure having an internal lining of insulating material, 1437 

between the frame and a metal foil in contact with the inner surface of the lining of insulating 1438 

material, including bushings and similar devices.  1439 

The measurement of c) is carried out after having connected all auxiliary circuits to the frame.  1440 

The term "frame" includes: 1441 

– all accessible metal parts and a metal foil in contact with the surfaces of insulating material 1442 

which are accessible after installation as for normal use;  1443 

– the surface on which the base of the DC-RCCB is mounted, covered, if necessary, with 1444 

metal foil; 1445 

– screws and other devices for fixing the base to its support;  1446 

– screws for fixing covers which have to be removed when mounting the DC-RCCB; 1447 

– metal parts of operating means referred to in 8.2. 1448 

If the DC-RCCB is provided with a terminal intended for the connection of protective conductors, 1449 

this is connected to the frame. 1450 

For the measurements according to list items c) and d), the metal foil is applied in such a way 1451 

that the sealing compound, if any, is effectively tested.  1452 

The insulation resistance shall not be less than: 1453 

– 2 M for the measurements according to a) and b);  1454 

– 5 M for the other measurements. 1455 

9.7.3 Dielectric strength of the main circuit 1456 

After the DC-RCCB has passed the tests of 9.7.2, the test voltage specified is applied for 1 min 1457 

between the parts indicated in 9.7.2 with electronic components, if any, being disconnected for 1458 

the test. 1459 

For this test, DC or AC voltage may be used  1460 

The DC test voltage shall be substantially free of ripple. This requirement is fulfilled if the ratio 1461 

between the peak values of the voltage and the average value is 1,0 % ± 3 %.  1462 

The AC test voltage shall have a practically sinusoidal waveform, and a frequency between 1463 

45 Hz and 65 Hz. 1464 

The source of the test voltage shall be capable of supplying a short -circuit current of at least 1465 

0,2 A. 1466 

No overcurrent tripping device of the transformer shall operate when the current in the output 1467 

circuit is lower than 100 mA. 1468 

The values of the test voltage shall be as follows:  1469 

– 2 000 V AC or 2 830 V DC for a) to c) of 9.7.2; 1470 

– 2 500 V AC or 3 535 V DC for d) of 9.7.2. 1471 

Initially, not more than half the prescribed voltage is applied, then it is raised to the full value 1472 

within 5 s. 1473 

No flashover or breakdown shall occur during the test.  1474 

Glow discharges without drop in voltage are neglected. 1475 
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