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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GENERAL REQUIREMENTS FOR RESIDUAL CURRENT OPERATE
PROTECTIVE DEVICES FOR DC SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
a” atroa ETe€ ;""'; 'E”" S€eS ‘-;"; E”" SeS)T TE GQ" © S ©
intermational co-operation on all questions concerning standardization in the electrical and electronic f|
this €nd and in addition to other activities, IEC publishes International Standards, Technical Specit
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred) to
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee in
in the subject dealt with may participate in this preparatory work. International, governmental 3
govefnmental organizations liaising with the IEC also participate in this preparation. |IEC -collaborate
with |the International Organization for Standardization (ISO) in accordance with .conditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as neatly-as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interg¢sted IEC National Committees.

ublications have the form of recommendations for international tuse 'and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to €psure that the technical conter

transparently to the maximum extent possible in their, national and regional publications. Any di
betwgen any IEC Publication and the corresponding natiohal or regional publication shall be clearly ind
the I3tter.

IEC f{tself does not provide any attestation of conformity. Independent certification bodies provide cd
assepgsment services and, in some areas, accessto I[EC marks of conformity. IEC is not responsible
serviges carried out by independent certificationdbodies.

All ugers should ensure that they have the jatest edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees @nd IEC National Committees for any personal injury, property dg
othenl damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expehses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attenjtion is drawn to the(Normative references cited in this publication. Use of the referenced public|
indispensable for the correct application of this publication.

Attenftion is drawnto\'the possibility that some of the elements of this IEC Publication may be the s
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standa
exceptional circumstances, a technical committee may propose the publication of a te
specifi¢ation when
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 63053, which is a technical specification, has been prepared by subcommittee 23E:
Circuit-breakers and similar equipment for household use, of IEC technical committee 23:
Electrical accessories.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
23E/1006/DTS 23E/1021/RVDTS

C 2017

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

In this

The co
the stg
related

3

3

3

A biling

confformity statements: in italic type

tran
rec
with
rep
am

standard the followina porint tynes are used:
4 I JT™

bility date indicated on the IEC website under "http://webstore.ie¢.ch" in th

to the specific publication. At this date, the publication will be
sformed into an International standard,

bnfirmed,

drawn,

aced by a revised edition, or

ended.

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

mmittee has decided that the contents of this publication will remain Gnchanged until

e data
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INTRODUCTION

In AC systems, residual current devices are used to provide protection against the risk of
shocks. In |IEC 60364 (all parts), residual current devices are used for automatic
disconnection of supply in case of fault (see Clause 411 of IEC 60364-4-41:2005) and
residual current devices with rated residual operating current not exceeding 30 mA are used
as additional protection (see 415 of IEC 60364-4-41:2005). IEC SC 23E has developed a set
of standards for residual current operated protective devices intended to be used in AC
systems.

electric

DC systems are used for appllcatlons such as photovoltalc mstallatlons data centres and

socket

in DC 9

Residu'r‘al current devices for DC systems may be used to provide fault psotection (au

discon

used tp provide protection against direct contact. They provide proetection against
shock gownstream of the device in DC networks.

This dd
deviceq
protect|

The operating characteristics given in this document are based on the information co
in IEC p0479 (all parts) and the requirements in IEC'60364-4-41.

This dg
residud

example, for certification.

outlets for ICT equment mstalled in date centres and telecom centre have
publishled. Therefore, a reference document for residual current devices intended-to b

upply systems is necessary.

ection of supply according to Clause 411 of IEC 60364-4-41:2005); they may

cument defines the operating characteristics for residual current operated prg
for DC systems. Details of how they should be installed to provide the desired
on are specified in the various parts of the IEC 60364 series.

cument is intended for use by technical committees in the preparation of standa
I current devices. It is not intended to be used as a stand-alone documsg

4gs and
been
e used

omatic
hlso be
Blectric

tective
evel of

htained

rds for
nt, for
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GENERAL REQUIREMENTS FOR RESIDUAL CURRENT OPERATED
PROTECTIVE DEVICES FOR DC SYSTEMS

1 Scope

This document provides general minimum requirements, recommendations and information for
the drafting and testing procedures of standards for residual current operated protective
devices, intended to be used in DC systems having a rated voltage not exceeding 400 V DC
and a rated current not exceeding 125 A, hereafter referred to as DC-RCDs.

NOTE 1] This document can also be used as a guide for DC-RCDs with voltages up to 1 500 V DG:

This dpcument is primarily intended to be used as a reference for drafting product| safety
standard for DC-RCDs.

This dgcument cannot be used alone but is intended for use by te€hnical committeeq in the
preparation of standards for products similar to those mentioned in"the scope of this stgndard.

This dqcument applies to a device

— which detects a residual current,
- colpares it to a reference value, and

— op€gns the contacts or poles when the residual*current exceeds this reference value.

Any agsociation of devices, each one of them performing separately one or two|of the
above-mentioned functions, but acting together in order to accomplish all three functions, is
also covered by this document.

NOTE 2| RCMs (residual current moniton according to IEC 62020) whose purpose is to monitor an ¢lectrical
installatipn and not to provide protection are not covered by this document and cannot be considered dimilar or
equivalept to DC-RCDs.

DC-RC[Ds are intended té\ provide fault protection, the exposed conductive parts|of the
installation being connected to an appropriate earth electrode, in accordancg with
IEC 60B64-4-41.

DC-RC[Ds having<a-rated residual operating direct current not exceeding 80 mA are algo used
as a provision\for additional protection in case of failure of the protective means fgainst

In acc 442, erating
current not exceeding 300 mA can also be used to provide protection against fire hazards due
to a persistent earth fault current.

DC-RCDs are suitable for isolation. They are suitable for all supply systems, with the
exception of single-pole DC-RCDs with two current paths which are not suitable for use in
IT systems.

DC-RCDs of the general type are resistant to unwanted tripping including the case where
surge voltages (as a result of switching transients or induced by lightning) cause loading
currents in the installation without occurrence of flashover.

NOTE 3 Installation and application rules of RCDs are given in IEC 60364 (all parts).

NOTE 4 Surge protective devices installed downstream of DC-RCDs and connected in common mode can cause
unwanted tripping.
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The requirements of this document apply for normal environmental conditions (see 7.1).
Additional requirements can apply for RCDs type DC used in locations having severe
environmental conditions.

NOTE 5 For DC-RCDs having a degree of protection higher than IP 20 special constructions can be applicable.

DC-RCDs which include batteries are not covered by this document.

Specific additional requirements for RCDs incorporated or embedded in equipment are
covered in IEC TR 60755. Those specific additional requirements are also applicable for
DC-RCDs.

2 Ndrmative references

The following documents are referred to in the text in such a way that some,or all of their
content constitutes requirements of this document. For dated references;/.0nly the [edition
cited applies. For undated references, the latest edition of the referenced'document (ingluding
any amendments) applies.

IEC 60p60-1, High-voltage test techniques — Part 1: General definitions and test requireaments
IEC 60DP60-2, High-voltage test techniques — Part 2: Measuring systems

IEC 60p68-2-30:2005, Environmental testing — Part 2<307 Tests — Test Db: Damp heat} cyclic
(12 h {12 h cycle)

IEC 60p68-3-4, Environmental testing — Part .3<4: Supporting documentation and guidance —
Damp heat tests

IEC 60B64-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for slafety —
Protection against electric shock

IEC 60417, Graphical symbols~for use on equipment (available at http://www.grgphical-
symbols.info/equipment)

IEC 60p29, Degrees of protection provided by enclosures (IP Code)

IEC 60p64-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Principfes, reqairements and tests

IEC 61D00-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measufement

technidues —=_Electrastatic dier‘hnrgp immllnify test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3 Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields
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IEC 61000-4-16, Electromagnetic compatibility (EMC) — Part 4-16: Testing and measurement
techniques — Test for immunity to conducted common mode disturbances in the frequency
range 0 Hz to 150 kHz

IEC 61000-4-17, Electromagnetic compatibility (EMC) — Part 4-17: Testing and measurement
techniques — Ripple on d.c. input power port immunity test

IEC 61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards
Immunity for residential, commercial and light-industrial environments

IEC 61p00-6 sctromagnetic—compatit
Immunity standard for industrial environments

IEC 61D00-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generiey-standards
Emissipn standard for residential, commercial and light-industrial environments

IEC 61D00-6-4, Electromagnetic compatibility (EMC) — Part 6-4-_Generic standards
Emissipn standard for industrial environments

IEC 61140, Protection against electric shock — Common~ aspects for installatign and
equipment

IEC 61p43:1995, Residual current-operated protective devices (RCDs) for househqgld and
similar|use — Electromagnetic compatibility
IEC 61p43:1995/AMD1:2004
IEC 61543:1995/AMD2:2005

IEC 62B73-2, Residual current operated-circuit-breakers for household and similar| use —
Part 2:|Residual current devices (RCDs) — Vocabulary

3 Terms and definitions

For the purposes of thissdocument, the terms and definitions given in IEC 62873-2 and the
following apply.

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

e |EQ Eleetropedia: available at http://www.electropedia.org/

+ lots LL H Lol
< datl IILlP.IlVVVVVV.IOU.UlHIUUP

ISC Ol b, H lotf. Hall
° JTTHITTS UIUVVOIIIB pIatvuriil. avdirtauvl

3.1

residual operating direct current

value of residual direct current which causes the DC-RCD to operate under specified
conditions

[SOURCE: IEC 60050-442:1998, 442-05-20, modified — Adapted to DC-RCDs.]

3.2

residual non-operating direct current

value of residual direct current at and below which the DC-RCD does not operate under
specified conditions

[SOURCE: IEC 60050-442:1998, 442-05-21, modified — Adapted to DC-RCDs.]
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3.3

residual direct making and breaking capacity
value of a residual prospective direct current which a DC-RCD can make, carry for its opening
time and break under specified conditions of use and behaviour

[SOURCE: IEC 60050-442:1998, 442-05-27, modified — Adapted to DC-RCDs.]

3.4

conditional direct short-circuit current
value of a prospective direct current, which a DC-RCD without integral short-circuit protection,
but protected by a short-circuit protective device in series, can withstand under specified

conditi

3.5

ns of use and behaviour

conditional residual direct short-circuit current

value qf a residual direct prospective current, which a DC-RCD without integral short
protectjon, but protected by a SCPD in series, can withstand under specified\conditions
and behaviour

[SOURCE: IEC 60050-442;1998, 442-05-22, modified — Adapted,to DC-RCDs.]

3.6

mid-pgint
commgdn point between two symmetrical circuit elements the opposite ends of wh
electridally connected to different line conductors of the’same circuit

[SOURCE: IEC 60050-195:1998, 195-02-04]

3.7

M-pole

part off a DC-RCD associated exclusively with one electrically separated conductin
intendgd to connect and to disconneect-the mid-point

3.8

rise ti
maxim

4 CI

4.1

411

4.1.2

4.2

421

4.2.2

4.3

4.3.1

e T = LIR (ms) ofla prospective direct current to reach a value of 0,632 tim
m peak current

time crinstant

assification

According to the type of installation

-circuit
of use

ch are

g path

es the

1}

for five Haotian w-d—ficadaarein.
TOUT | Tat marra T

InYalllnYal Atnat =
L=A 2l B\ =] A TACT T TISTaITatroTT TACTUTUWITITTY

Portable DC-RCD with corded connection.

According to the possibility of adjusting the residual operating current

DC-RCD with a single value of rated residual operating current.
DC-RCD with multiple settings of residual operating current by fixed steps.

According to time-delay (in presence of a residual current)

DC-RCD without time-delay: for general use, with normal resistance to unwanted

tripping.


https://iecnorm.com/api/?name=90e689574943c889698807c8a442bf6b

-12 - IEC TS 63053:2017 © IEC 2017

4.3.2 DC-RCD with time-delay: for selectivity, with increased resistance to unwanted
tripping.

4.4 According to the protection against external influences

4.41 Enclosed-type DC-RCD (not requiring an appropriate enclosure).
4.4.2 Unenclosed-type DC-RCD (for use with an appropriate enclosure).

4.5 According to the method of mounting

4.5.1 Surface-type DC-RCD

4.5.2 Flush-type DC-RCD.

4.5.3 Panel board type DC-RCD, also referred to as distribution board type:

NOTE These types can be intended to be mounted on rails.
4.6 According to the method of connection

4.6.1 DC-RCD, the electrical connections of which are not associated with the mechanical
mountipg.

4.6.2 DC-RCD, the electrical connections of which“are associated with the mechanical
mountipg.

NOTE 1| Specific requirements for this classification are unRder consideration.

NOTE 2| Examples of this type are:
—  plugtin type;
—  boltjon type;

—  screw-in type.

Some DEL-RCDs can be of the plug-in type or bolt-on type on the line side only, the load terminals being usually
suitable for wiring connection.

4.7 According to the type of terminals

4.71 DC-RCD with-screw-type terminals for external copper conductors.

4.7.2 DC-RCD with screwless type terminals for external copper conductors.

NOTE 1| Thesrequirements for DC-RCDs equipped with these types of terminals are given in IEC 62873-31.

4.7.3 DC-RCD with flat quick-connect terminals for external copper conductors.

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

4.7.4 DC-RCD with screw-type terminals for external aluminium conductors.

NOTE 3 The requirements for DC-RCDs equipped with these types of terminals are given in IEC 62873-3-3.
4.8 According to the number of poles and current paths

4.8.1 Single-pole DC-RCD with two current paths.
4.8.2 Two-pole DC-RCD.

4.8.3 Two-pole DC-RCD with three current paths.
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4.8.4 Three-pole DC-RCD.

49 According to the instantaneous tripping current

This classification applies to the residual current function combined with the circuit-breaker
and is defined in the relevant product standard.

4.10 According to the I’ characteristics

This classification applies to the residual current function combined with the circuit-breaker
and is defined in the relevant product standard.

4.11 According to overcurrent protection

4.11.1 | Residual current devices without integral overcurrent protection.
4.11.2 | Residual current devices with integral overcurrent protection.
4.11.3 | Residual current devices with integral overload protection only:
4.11.4 | Residual current devices with integral short-circuit protéction only.

4.12 According to the method of construction

4.12.1| DC-RCD completely assembled by the manufacturer as one device (standalone
DC-RCPD)

4.12.2| DC-RCD comprised of a circuit-breakerand r.c. unit to be assembled on site

4.12.3 | Any association of devices actifig together in order to accomplish the threg main
functiops of a DC-RCD - detection of aresidual current, comparison to a reference value and
opening the contacts or poles when the residual current exceeds this reference value.

NOTE The current sensing means(and/or the processing device can be mounted separately from thg current
breaking|device.

4.13 According to therange of ambient air temperature

4.13.1| Residual currént devices intended for use between -5 °C and +40 °C.
4.13.2 | Residual current devices intended for use between —25 °C and +40 °C.

4.13.3 | .Residual current devices intended for use in more severe conditions.

4.14 According to the time constant

4.14.1 Residual current devices suitable for DC circuits with a time constant of 7 < 4 ms.

4.14.2 Residual current devices suitable for DC circuits with a time constant of 7< 15 ms.

NOTE It is assumed that short-circuit currents of 1 500 A are not exceeded in installations in which, due to the
loads connected, time constants in normal service up to 15 ms can occur. Where higher short-circuit currents can
occur, the time constant of 7= 4 ms is considered sufficient.

4.15 According to the current direction through the poles

4.15.1 Polarised DC-RCD.

4.15.2 Non-polarised DC-RCD.
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5 Characteristics of residual current devices

5.1 Summary of characteristics

The characteristics of the DC-RCD are given in the relevant DC-RCD standard in accordance
with this document.

The characteristics of a DC-RCD shall be stated in the following terms:

— rated voltages (see 5.2.1);
— rated direct current I, (see 5.2.2);

— ratgd making and breaking capacity /,, (see 5.2.3);

— ratgd residual operating direct current /,, (see 5.2.4);

— ratgd residual non-operating direct current I, (see 5.2.5);

— ratgd residual direct making and breaking capacity /,,, (see 5.2.6);
— ratgd conditional direct short-circuit current /7, . (see 5.2.7);

— ratgd conditional residual direct short-circuit current 1, (see 5.2.8);
— time-delay, if applicable (see 5.2.9);

— opdrating characteristics (see 5.2.10)

— dedree of protection (see IEC 60529).

5.2 Rated quantities and other characteristics
5.21 Rated voltages
5.2.1.1 Rated operational voltage (U,)

The rated operational voltage (hereaftertéferred to as "rated voltage") of a DC-RC[ is the
value df direct voltage, assigned by the manufacturer, to which its performance is referied.

5.21.2 Rated insulation voltage (U;)

The rdted insulation voltage of a DC-RCD is the value of voltage, assigned py the
manufdcturer, to which dielectric test voltages and creepage distances are referred.

Unless| otherwise stated, the rated insulation voltage is the value of the maximum rated
voltaggd of the DC-RCD. In no case shall the maximum rated voltage exceed the rated
insulatijon voltage:

5.21.3 Rated impulse withstand voltage (Uimp)

The rated impulse withstand voltage of a DC-RCD is defined in the relevant product standard
taking into account the overvoltage category and the rated operational voltage, according to
IEC 60664-1.

5.2.2 Rated direct current (1)

A direct current assigned by the manufacturer as the current which the DC-RCD can carry in
uninterrupted duty (see IEC 62873-2), at a specified reference ambient air temperature.

5.2.3 Rated making and breaking capacity (/)

The value of the prospective direct current assigned by the manufacturer, which a DC-RCD
can make, carry and break under specified conditions.
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5.24

Rated residual operating direct current (1,,)

The value of residual operating direct current, assigned to the DC-RCD by the manufacturer,
at which the DC-RCD shall operate under specified conditions.

For a DC-RCD having multiple settings of residual operating direct current, the highest setting
is used to designate it.

5.2.5

Rated residual non-operating direct current (1,,,,)

The value of residual non-operating direct current, assigned to the DC-RCD
manufacturer, at which the DC-RCD does not operate under specified conditions.

5.2.6

The va

by the

Rated residual direct making and breaking capacity (7,,,)

lue of the residual prospective direct current, assigned by the manufaeturer,

DC-RCID can make, carry and break under specified conditions.

5.2.7
The va

protect|
alterati

5.2.8

Rated conditional direct short-circuit current (7,,.)
Jue of the prospective direct current, assigned by the manufacturer, which a D(

bns impairing its functions.

Rated conditional residual direct short-circuit current (1,.)

The vdlue of residual prospective direct current,~assigned by the manufacturer, w
DC-RC[D, protected by a specified SCPD, can withstand under specified conditions

underg

5.2.9

Time-d

5.2.10

ping alterations impairing its functions,

Time-delay DC-RCD

play DC-RCD which compliesxwith the relevant part of Table 3 if applicable.

Operating characterjstics

DC-RCID ensures tripping_for residual smooth direct currents, whether suddenly apg

slowly

fising, independent of polarity.

5.3 $tandard and preferred values

5.3.1

Preferr

Preferred values of rated operational voltage (U,)

ed values of rated operational voltage are given in Table 1.

hich a

L-RCD,

ed by a specified SCPD, can withstand under specified‘conditions without unde¢rgoing

hich a
without

lied or

Examples for the connection of DC-RCDs in different DC supply systems are given in

Figure

2 a) to d).
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Table 1 — Preferred values of rated operational voltage (U,)

DC voltage
DC-RCD Supply system Rated operational direct Examples of DC supply
voltage systems
Single-pole with two- 2 wires 200V Figures 2 a) and b)
current path (£ to M)
Two poles 2 wires 200 V Figures 2 b)
(L+ to L-) 400 V
Two-pole with three- 3 wires 400 V Figures 2 c)
current nath
' (C+to 1)
Three-pole 3 wires 400 V Figures 2.d
(L+ to L-)
The rated voltage for one pole shall not exceed 220 V DC.
NOTE | The two-wire supply system refers to Figure 6 of IEC 60364-1:2005, the three-Wire supply system refers
to Figufe 7 of IEC 60364-1:2005.
5.3.2 Preferred values of rated current (1)
Preferred values of rated currents are:
MMA-13A-16A-20A-25A-32A-40A-63A-80A-100 A-125A.
5.3.3 Standard values of rated residual operating direct current (1,,)
Standard values of rated residual operating direct current are:
0,0RA-0,08A-0,3A-06A-1A:
NOTE The value of 80 mA was the result of‘@-calculation based on the content of 5.3.4 of IEC TS 60479-2:2007.
5.3.4 Standard value of residual non-operating direct current (1,,,)
The stgndard value of residual non-operating direct current is 0,5 I,,,.
5.3.5 Standard values of rated impulse withstand voltage (Uimp)
The standard values of rated impulse withstand voltages as a function of yoltage
line-to-peutral @and overvoltage category shall be given in the relevant product standard
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5.3.6
5.3.6.1

Standard values of operating time

Standard values of maximum break time for non-time delay DC-RCDs

Table 2 — Standard values of maximum break time for non-time-delay DC-RCDs

Type 1 I, Standard values of break time at a residual operating

direct current equal to

(A) (A) )

1, 21,, 31,, 1,2, 5,10, 20,
50, 100 A
General Any Any 0,32 0,152 0,042 0,4°
value value
NOTE | The disconnection time of 0,4 s refers to the maximum disconnection time according to IEC/60364-4-41
for U, § 230 V.
2  For|residual currents of 1 A and above, due to the arc extinction, the maximum break time*shall not jexceed
0,4[s.
b Due to the arc extinction, the overall disconnection time shall not exceed 0,4 s.
5.3.6.2 Standard values of actuating and non-actuating times for time-delay
DC-RCDs
For time-delay type residual current devices, the non-actiating time at 2 /,, shall be dgclared
by the manufacturer.
Preferred values of minimum non-actuating time at2'/,,:
0,06s-0,1s-0,2s-0,3s-0,4s-0,56—1s.
Type S|DC-RCDs shall have a rated time.delay equal to 0,06 s.
Time-delay type DC-RCDs are permitted only for 1, higher than 0,08 A.
Table 3 — Standard values of break time and non-actuating time
for time-delay DC-RCDs
Rated fime delay Standard values of break and non-actuating time at
(s) (s)
In, 2 1), 31, (1, 2, p, 10,
20, 50,[100) A
Maximum break time® 0,54 0,24 0,154 0,4¢
0,06 b b
Minimum non actuating time 0,06 B
Maximum break time °© ap ° ° b
Rated time delay 5 5 5
Minimum non actuating time rated delay

¢ For

0,4

a8 To ensure fault protection, the maximum operating time shall be in accordance with IEC 60364-4-41.

b Defined either by the relevant product standard or by the manufacturer.

residual current devices with Tande

S.

€ Due to the arc extinction, the overall disconnection time shall not exceed 0,4 s.

NOTE The standard break times required by Table 3 are applicable for fault voltages up to 200 V to earth.

< 0,08 A, the value for the maximum break time is given in Table 2.

d  For residual currents of 1 A and above, due to the arc extinction, the maximum break time shall not exceed
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5.3.7 Minimum value of the rated making and breaking capacity (1)

The minimum value of the rated making and breaking capacity 7, is 10 7, or 500 A, whichever
is the greater.

This applies to DC-RCDs without integral overcurrent protection.

5.3.8 Minimum value of the rated residual direct making and breaking capacity (1,,,)

The minimum value of the rated residual direct making and breaking capacity (,,,) is 10 I, or
500 A, whichever is the greater.

5.4 oordination with short-circuit protective devices (SCPDs)
5.4.1 General

DC-RC[Ds shall be protected against short-circuits by means of circuit:breakers of fuses
complying with their relevant standards according to the installation rules of
IEC 60B64 (all parts).

The aspociation of a short-circuit protective device with a residual current device is intended
to ensyre adequate protection to the residual current device from the effects of shor{-circuit
curren

The shprt-circuit protective device shall be selected acgording to the following charactgristics
in line yith the characteristics of the DC-RCD:

a) makimum let-through 72s;
b) makimum value of let-through peak current 1.

The rating and type of SCPD shall be the same for 5.4.2 and 5.4.3.

Coordinpation between DC-RCDs .and the SCPD is verified according to the relevgnt test
clause$ which are designed to_-verify that there is an adequate protection of the DJ-RCDs
agains{ short-circuit currents(up to the conditional short-circuit current 7, and up|to the
conditipnal residual direct short-circuit current 7.

5.4.2 | Preferred values of the rated conditional direct short-circuit current (7,,.)

The préferred values of the rated conditional direct short-circuit current for DC-RCDs without
integral short-circuit protection are:

15p0 A—3 000 A—-4500A—-6000A-10000A—-20000A—-50000A.

5.4.3 'Preferred-values—oftherated-econditionalresidual-direet-shoert-eiretuiteurrent
(IAc)

The preferred values of the rated conditional direct short-circuit current for DC-RCDs without
integral short-circuit protection are:

1500 A-3000A—-4500A-6000A—-10000A-20000A-50000A.
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6 Marking and other product information

Table 4 — Marking for DC-RCDs

Marking or Information item

The manufacturer's name or trade mark

Type designation, catalogue number or serial number

Rated voltage(s), for example 400 V DC followed by "DC"| DC|

Rated current, for example 40 A DC followed by "DC"| DC

Void

Rated residual operating direct current followed by "DC"

@|mMm|mo|lo|m|>»

Settings of residual operating direct current for DC-RCDs with multiple residual operating current

T

Rated making and breaking capacity or rated short-circuit capacity (in amperes) forrBC-RCDs wit
overcurrent protection

Reference calibration temperature, if different from 30 °C, for DC-RCDs with overcurrent protectig

=}

Rated residual direct making and breaking capacity

The degree of protection (only if different from IP 20)

The position of use, if necessary

The symbol [S| (S in a square) for type S devices

Void

Operating means of the test device, by the letter T

Wiring diagram, see Figures 2 a) to d)

Void

Void

Reference of the product standard,for example IEC 6xxxx

Void

Void

<|lCc|d|w|nm|Oo|T|O0|Z2|Z || X|<
jo)

Rated time delay, if applicable

=

Rated conditional-short-circuit direct current, if applicable, and in such a case characteristics for
associated short-circuit protective device, according to 5.4.1

x

Range of operating temperature

Symbols\l/O to distinguish between the open and closed states of the device

Mark supply and load terminals (e.g. by "line" and "load") if it is necessary to distinguish between
sUpply and the load terminals

the

AA

SymBo VIt terminals are speciica Yy Thiended for the connection of the mld-pomt

AB

Time constant 715 within a rectangle, if applicable

AC

Marking of polarity for devices according to classification 4.15.1

a

This information may be on the inside of any cover which has to be removed in order to connect the supply
wires.

The information given in column 2 of Table 4 shall be provided. The position of the marking
shall be specified in the relevant product standard (e.g. visible after installation, on the
product, in the leaflet or manufacturer catalogue).

In addition, for r.c. units,

they shall be marked with the maximum rated current of the circuit-breaker with which they
can be assembled or associated, and
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— information shall be given to indicate on which circuit-breaker the r.c. unit can be
assembled or associated.

All relevant information for the correct assembly, if any, installation and use of the product
shall be provided.

Compliance is checked by visual inspection and by the tests in the relevant product standard.

For DC-RCDs other than those operated by means of a push-button, the open position shall
be indicated by the symbol "O" and the closed position by the symbol "|" (a short straight
line). Additional national symbols are allowed for this indication. Provisionally, the use of
national indications only is allowed. These indications shall be readily visible when the
DC-RC]D is installed.

For DG-RCDs operated by means of two push-buttons, the push-button designed for the
opening operation only shall be red and/or be marked with the symbol "O".

Red shall not be used for any other push-button of the DC-RCD.

If a pysh-button is used for closing the contacts and is evidently identified as sych, its
depresped position is sufficient to indicate the closed position.

If a single push-button is used for closing and opening the contacts and is identified ag such,
the burt{eon remaining in its depressed position is sufficient*to indicate the closed position. On

the other hand, if the button does not remain depressed, an additional means indicatjng the
position of the contacts shall be provided.

Terminpls intended for the protective conductor, if any, shall be indicated by the symbol @
(IEC 60417-5019:2006-08).

Marking shall be indelible, easily legible and not be placed on screws, washers of other
removgble parts.

For universal terminals (for rigid-solid, rigid-stranded and flexible conductors): no marking.

For nofm-universal terminals:
— terrpinals declared for rigid-solid conductors only shall be marked by the letters| "s" or
llso ll;
— terminals<declared for rigid (solid and stranded) conductors only shall be marked|by the
letter r.

The markimgsshoutd-appear o the DE-REDor,if the space avaitabte s ot sufficient; on the

smallest package unit or in the technical information.

7 Conditions for operation in service and for installation

7.1 Preferred ranges of application, reference values of influencing quantities/factors
and associated test tolerances

DC-RCDs complying with this document shall be capable of operating under the standard
conditions shown in Table 5.
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Table 5 — Values of influencing quantities

Influencing quantity

Preferred range of
application

Reference value

Test tolerances f

anbient air temperature

-5 °Cto +40 °C

—-25°C to +40 °C
a,b

As stated by the relevant
product standard

As permitted by the test
requirements in the
relevant product
standard

Altitude

Not exceeding 2 000 m

Relative humidity
maximum value at 40 °C

50 % °©

Externglmagnetic field

Not exceeding 5 times the

Earth’s magnetic field

earth’s magnetic field in
any direction

Positio

As stated by the
manufacturer, with a
tolerance of 2° in any
direction ©

As stated by the
manufacturer

2° in any‘directio

DC supply voltage

Maximum ripple of 5 % f

Rated value

+5 %

necessary.

2  The|lmaximum value of the mean daily temperature is +35 °C.

¢ Higher relative humidities are admitted at lower temperatures (for example 90 % at 20 °C).

¢ The|device shall be fixed in such a way that it does not cause deformation liable to impair its functions].

f The|tolerances given apply unless otherwise specified in the relevant test.

b Valjes outside the range are admissible where more severe climatic conditiens prevail, subject to agreement
between manufacturer and user.

4 When a DC-RCD is installed in proximity to a strong magnetic\field, supplementary requirements nay be

9 Extfeme limits of =20 °C and +60 °C are admissible\during storage and transportation, and should bg taken
into'raccount in the design of the device.

7.2 onditions of installation

DC-RCDs shall be installed in@ceordance with the manufacturer's instructions.

7.3 ollution degree

DC-RCDs complying “with this document are intended for an environment with ppllution

degree|2, i.e.

nofmally, only non-conductive pollution occurs; occasionally,

temporpry conductivity caused by condensation may be expected.

The product.standard may specify a higher value of pollution degree.

howegver, a

8 Requirements for construction and operation

8.1 Mechanical design

8.1.1 General

8.1.1.1

Requirements for any type of DC-RCDs

DC-RCDs shall be designed and constructed so that, in normal use, their use is safe and
without danger to the user or to the environment.

The residual current detection and the residual current release may be located in different
components, but the consequences of possible disconnection of the components shall be
considered.
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It shall not be possible to alter the operating characteristics of the DC-RCD by means of
external interventions other than those specifically intended for changing the setting of the
residual operating current or of the time delay.

Changing from one setting to another shall not be possible without a tool. It shall not be
possible to disable or inhibit the DC-RCD function by any means.

NOTE For household and similar uses, in Argentina, Australia, Germany, Denmark, Italy, the UK and Switzerland,
multiple settings are not allowed.

In case of a DC-RCD having multiple settings of residual operating current, the rating refers to
the highest setting.

8.1.1.2 RC unit to be assembled on site to a circuit-breaker

Requirgéments for safe assembly and correct function shall be given in the relevant product
standafd.

8.1.2 Mechanism
The moving contacts of all poles of multipole DC-RCDs shall be coupled so that allf poles,

except|the mid-point M-pole, if any, make and break substantially together, whether operated
manually or automatically.

The mid-point M-pole of three-pole DC-RCDs shall not{Close after and shall not open|before
the other poles.

Compliance is checked by inspection and by .manual tests, using any appropriate |means
(example: indicator lights, oscilloscope, etc.).

DC-RC[Ds shall have a trip-free mechanism.
It shalllbe possible to switch the DC-RCD on and off by manual operation.

DC-RCDs shall be so constructed that the moving contacts can come to rest only|in the
closed |position (see IEC 62873-2) or in the open position (see IEC 62873-2), even when the
operating means is released in an intermediate position.

DC-RC[Ds shall provide in the open position (see IEC 62873-2) an isolation distgnce in
accordance withthe requirements necessary to satisfy the isolating function (see 8.3).

Indicatfon,of the position of the main contacts shall be provided by one or both of the foflowing
means

— the position of the actuator (this being preferred); or
— a separate indicator.

If a separate indicator is used to indicate the position of the main contacts, this shall show the
colour red for the closed position and the colour green for the open position.

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

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

Compliance is checked by inspection and/or tests, taking into account the instructions of the
manufacturer.
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8.1.3

Clearance and creepage distances

DC-RCDs shall have clearance and creepage distances capable of withstanding the voltage
stresses during their anticipated lifetime, taking into account the overvoltage category and the
pollution degree of the installation for which their use is intended.

The clearances and creepage distances for insulation and for isolation shall be in accordance
with IEC 60664-1.

Compliance is checked by the tests of the relevant product standard.

8.1.4 —Screws, current-carrying parts-and connections

8.1.4.1 Connections

Connegtions, whether electrical or mechanical, shall withstand the mechanical sjresses
occurring in normal use.

Screwyg operated when mounting the DC-RCD during installation~shall not be |of the
thread-cutting type.

NOTE $crews (or nuts) which are operated when mounting the DC-RCD\include screws for fixing cpvers or
cover-plates, but not connecting means for screwed conduits and for fixing-the base of a DC-RCD.

Complignce is checked by the tests of the relevant productstandard.

8.1.4.2 Screws in engagement with a thread of\insulating material

For sclews in engagement with a thread of insulating material and which are operated when
mountipg the DC-RCD during installation, correct introduction of the screw into the scrgw hole
or nut ghall be ensured.

Compliance is checked by inspectioniahd by manual test.

NOTE The requirement with regard/to correct introduction is met if introduction of the screw in a slantind manner
is prevented, for example by guiding‘the screw by the part to be fixed, by a recess in the female thread ¢r by the
use of alscrew with the leading thread removed.

8.1.4.3 Electrical eonnections

Electrigal connections shall be so designed that contact pressure is not transmitted through
insulating material other than ceramic, pure mica or other material with characteristics po less
suitablt unless”there is sufficient resilience in the metallic parts to compensate for any
possible shrinkage or yielding of the insulating material.

Compliance is checked by inspection.

NOTE The suitability of the material is considered in respect of the stability of the dimensions.

8.1.4.4

Current-carrying parts

Current-carrying parts including parts intended for protective conductors, if any, shall be
made of a metal having, under the conditions occurring in the equipment, mechanical
strength, electrical conductivity and resistance to corrosion adequate for their intended use.

Examp

- cop

les of suitable materials are given below:

per;

— an alloy containing at least 58 % copper for parts worked cold, or at least 50 % copper for
other parts;
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— other metal or suitably coated metal, no less resistant to corrosion than copper and having
mechanical properties no less suitable.

The requirements of 8.1.4.4 do not apply to contacts, magnetic circuits, heater elements,

bimetals, shunts, parts of electronic devices nor to screws, nuts, washers, clamping plates,
similar parts of terminals and parts of the test circuit.

Compliance is checked by the tests of the relevant product standard.

8.1.5 Terminals for external conductors

Terminals for external conductors, if any, shall be such that the conductors may be connected
so as tp ensure that the necessary contact pressure is maintained permanently.

NOTE [for the purpose of defining requirements and tests, IEC 60999 (all parts) can be referred to)

Compliance is checked by the tests of the relevant product standard.

8.2 Protection against electric shock

DC-RCDs shall be so designed that, when they are mounted and wired as for normal uge, live
parts afe not accessible.

A part|is considered to be "accessible" if it can be touched by the jointed test|finger,
according to IEC 60529.

NOTE The term "normal use" implies that DC-RCDs be installed-according to the manufacturer's instructigns.

Metalli¢ operating means shall be insulated from live parts and their conductive partg which
otherwise would be "exposed conductive parts" shall be covered by insulating material, with
the exdeption of means for coupling insulated operating means of several poles.

Metal garts of the mechanism shall not'be accessible.
Lacqudr and enamel are not considered to provide adequate insulation for the purpose pf 8.2.
Compliance is checked bjithe tests of the relevant product standard.

8.3 Dielectric properties and isolating capability

DC-RCDs shall'have adequate dielectric properties.

Control citcuits connected to the main circuit shall not be damaged by high DC voltage|due to
insulation-measurements which are normally carried out after DC-RCDs are installed

When drafting product standards, consideration shall be given to the requirements for
isolation capability included in IEC 61140 and IEC 60364-4-41.

Compliance is checked by the tests of the relevant product standard.

8.4 Temperature-rise

The DC-RCDs shall not suffer damage impairing their functions and their safe use taking into
account the ambient temperature at which they are intended to be used.

Compliance is checked by the tests of the relevant product standard.
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8.5 Operating characteristics
8.5.1 General

DC-RCDs shall operate according to the requirements of the 8.5.2 and 8.5.3, as applicable.
Compliance is checked by the tests of the relevant product standard.

8.5.2 Operation in response to a residual current equal to and greater than 1,,,

The tripping characteristic of DC-RCDs shall ensure adequate protection against residual
current without premature operation.

DC-RC[Ds shall operate in response to a steady increase of smooth direct residual current
within specified limits of the non-operating current and the operating current in‘accordance
with Tgble 6.

Table 6 — Tripping current limits

Tripping.current

Number of poles Current shape
Lower limit Upper limit

All ¢lassifications Smooth DC 0,51, Iy,

The linlits shall be independent of the polarity of the;smooth direct residual current.

8.5.3 Operation in response time in presence of a residual current equal to and
greater than 1,

8.5.3.1 General

Complignce is checked by the tests ofthe relevant product standard.

8.5.3.2 DC-RCDs without time-delay

The operation of DC-RCDs\to a suddenly applied residual current shall be in accordante with
Table 2 and independent of polarity.

8.5.3.3 DC-RCDs with time-delay

in accordance with Table 3 and independent of polarity.

The ogrration and non-operation of DC-RCDs to a suddenly applied residual current ghall be

8.6 Mechanical and electrical endurance

DC-RCDs shall be capable of performing an adequate number of mechanical and electrical
operations.

Compliance is checked by the tests of the relevant product standard.

8.7 Performance at short-circuit currents
DC-RCDs shall be capable of performing a specified number of short-circuit operations during

which they shall neither endanger the operator nor initiate a flashover between live conductive
parts or between live conductive parts and earth.

Compliance is checked by the tests of the relevant product standard.
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8.8 Resistance to mechanical shock and impact

C 2017

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

during

installation and use.

Compliance is checked by the tests of the relevant product standard.

8.9 Resistance to heat

DC-RCDs shall be sufficiently resistant to heat.

Compliance is checked by the tests of the relevant product standard

8.10
Extern
spread
high t
insulati

Compli

8.11

DC-RC
device

currenf device to operate.

NOTE

The te

It is re
test cu
of the

The pr
operate

It shall
when t

Test device

The test device is intended to check the tripping function, not the value at which this function is
with resgect to the rated residual operating current andithe break times.

esistance to abnormal heat and to fire

| parts of DC-RCDs made of insulating material shall not be liable 10 ignite

and to

fire if current-carrying parts in their vicinity, under fault or overload ‘Conditions, attain a

mperature. The resistance to abnormal heat and to fire of thejother parts nlade of

ng material is considered as checked by the other tests of this decument.

hance is checked by the tests of the relevant product standard.

Ds shall be provided with a test device to simulate the passing through the d¢g
of a residual current in order to allow a periodic testing of the ability of the r

commended that for household application and similar uses the value of the sin
rent does not exceed the equivalent of 2,5 times the residual current 1,,, throu
oles of the DC-RCD.

ptective conductor of the installation shall not become live when the test de
d.

not\be possible to energize the circuit on the load side by operating the test

tecting
esidual

effective

5t current produced when operating the test device of DC-RCDs supplied aft rated
voltagqg or at the highest value of the\voltage range shall be defined by technical com
when drafting product standards.

Mmittees

hulated
gh one

vice is

device

nen\DC-RCD is in the open position and connected as in normal use.

The test device shall not be the sole means of performing the opening operation, except for

DC-RC

Compli

Ds providing the possibility of unplugging the protected circuit.

ance is checked by the tests of the relevant product standard.

8.12 Requirements for DC-RCDs in case of loss of supply

The mi

nimum operating voltage of DC-RCDs shall not exceed 90 V.

DC-RCDs classified according to 4.8.3 or 4.8.4 shall operate also in case of loss of one

supply

Compli

conductor, line or mid-point M.

ance is checked by the tests of the relevant product standard.
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8.13 Behaviour of DC-RCDs in case of overcurrent in the main circuit

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

of overcurrents.

Compliance is checked by the tests of the relevant product standard.

8.14 Behaviour of DC-RCDs in the case of current surges caused by impulse voltages

DC-RCDs shall adequately withstand the current surges to earth due to the loading
capacitances of the installation and the current surges to earth due to flashover

of the
in the

installation. DC-RCDs of the type S shall additionally show adequate resistance against

unwanted tripping in case of current surges to earth due to flashover in the installation.
Compliance is checked by the tests of the relevant product standard.

8.15 VYoid
8.16 Reliability

DC-RC[Ds shall operate reliably even after long service, taking into account the ageing
compohents.

Complignce is checked by the tests of the relevant productstandard.

8.17 [Electromagnetic compatibility (EMC)

DC-RC[Ds shall operate reliably, even in presence ‘of electromagnetic disturbances, an
complyl with relevant EMC requirements.

The opgrating characteristics shall not bevaffected by high frequency ripple.
Complipnce is checked by the tests.of the relevant product standard.

8.18 Resistance to temporary overvoltages (TOVs)

DC-RC[Ds shall adequately-withstand temporary overvoltages due to various phenomenj.

NOTE OQvervoltages can\be caused by a fault in the high-voltage network; break of mid-point conductg
circuit bgtween line gonductor and mid-point conductor.

Withstgnd values of overvoltage and duration are given in the following Table 7, U
being the nominal value between L+ or L- to mid-point M.

of their

d shall

r; short-

L to M)

Table 7 — Withstand values and duration of temporary overvoltages

TOV
Occurrence Voltage Duration
Between mid-point M-pole and all other poles 2 x U(L to M) 1h

Compliance is checked by the tests of the relevant product standard.
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8.19 Performance of DC-RCDs at inrush currents

DC-RCDs shall withstand inrush currents resulting from the charging of cable and load
capacitance. They shall have a sufficient withstand against unwanted tripping and also
against contact welding.

Compliance is checked by the tests of 9.10.4.

9 Preparation of test clauses for DC-RCDs product standard

9.1 General

9.1.1

Clause
standa

Clause
be spe
docum

A testi
proced

General test conditions

9 defines the specific rules in order to prepare the test clauses of a DC-RCD
d, taking into account the requirements of this document.

9 is not intended to be used as a testing procedure for DC-RCDs, but the tes
cified in the relevant DC-RCD standard, according to the’requirements
ent.

ng procedure shall be introduced in the product standard for DC-RCDs. This
ire shall ensure that each requirement included_in ‘this document is fulfilled

broduct

s shall
of this

testing
by the

DC-RCPD. Technical committees may provide additional {esting.

The tept procedure of the DC-RCD product standard shall specify the following itefns, as

applicable:

— the| ambient and electrical test conditions and tolerances, according to the sfandard
conlditions for operation in service (see>Fable 5);

— the|conditions of installation of the DC-RCD (see 7.2) for the tests;

— crosgs-section, type, length of conductors to be connected to the DC-RCD for the tests;

- tig;[(ening torque to be appliedto the terminals;

- CO
NOTE

The tes
produc

9.1.2

pliance criteria.

The information for instrument measurement is available in IECEE OD-5014.

t sequences, ' number of samples and acceptance criteria shall be given by the r
standard.

Test'clauses not specified in this document

The followi ified in this d | hal fied |

product standard:

— terminals for external conductors;

— reliability of screws and current carrying parts;

— protection against electric shocks;

— diel
— tem
— resi
— resi

— resi

ectric properties;

perature rise;

stance to mechanical shocks;
stance to heat;

stance to abnormal heat and fire.

Blevant

elevant
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9.2 Operating characteristics
9.2.1 General requirements for operating characteristics tests

The test procedure shall define the test circuit for performing operating characteristics tests.
The instruments for the measurement of the residual current shall display (or allow to
determine) the true RMS value.

The test procedure for the DC-RCD shall include tests based on the requirements of 9.2.2,
9.2.3,9.2.4,9.2.5, 9.2.6, 9.2.7, 9.2.8 as applicable. Each test shall be made with smooth DC
residual current on one pole only, taken at random, with at least two measurements; the
polarity of the smooth DC current is changed after each measurement.

All tesfs are performed at 1,1 U, and minimum operating voltage, with no load; |unless
otherwise specified.

For DG-RCDs having multiple settings of residual operating current, the tests,shall be mpade at
the lowest setting, highest setting and at least at one intermediate setting.

9.2.2 Steady increase of residual current

Correct operation of the DC-RCD shall be tested where the REB,being in the closed ppsition,
a residpal current is steadily increased, starting from a value-not higher than 0,2 I, ttying to
attain the value of I,, within 30 s, and the tripping current shall be measured. The measured
values [shall be situated between /5, and /,,,.

9.2.3 Closing on a residual current

Correct operation of the DC-RCD shall be tested with the circuit being calibrated at the rated
value qf the operating residual current, the .DC-RCD being in open position, and the RCD is
suddenly closed on the circuit. The measurements of the break time shall not excgded the
value df Table 2 or Table 3, according to‘the type of DC-RCD.

9.24 Sudden appearance of residual current

Correc{ operation of the DC-RCD shall be tested with the circuit being calibrated gt each
value ¢f residual current.of.Table 2 or Table 3 as applicable, the DC-RCD being in|closed
position, and the residdal“current is suddenly established. The measurements of thg break
time shall not exceed the value of Table 2 or Table 3, according to the type of DC-RCD

9.2.5 | Residual current higher than 3 1,

Correct operation of the DC-RCD, according to 9.2.4, shall be tested for values of residual
currentl Higher than 3 /,, and lower than the rated residual direct making and breaking
capaci e S i 2 Hed elevant
DC-RCD standard.

T S cHoHE-S—0+—18-Staud Sac S S B850+t to—S a8 P80 S-C S

9.2.6 Tests with load

Correct operation of the DC-RCD shall be tested, according to 9.2.3 and 9.2.4, the DC-RCD
being loaded with the rated current.

9.2.7 Tests at the temperature limits

Correct operation of the DC-RCD, according to 9.2.4, shall be tested at the minimum ambient
temperature, with no load, and then at the maximum ambient temperature, the DC-RCD being
loaded at the rated current.
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9.2.8 Additional test for delay type RCDs

Correct operation of delay type DC-RCDs shall be tested according to Table 3: the DC-RCD
being in the closed position, the residual current is suddenly established for periods
corresponding to the relevant minimum non-actuating times. The DC-RCD shall not trip during
these tests.

9.3 Tests of electrical endurance

The test procedure shall be specified in the relevant product standard and shall specify the
test circuit for performing electrical endurance tests. The product standard shall include the
following testing conditions:

— number of electrical operations;

— timé constant according to classification 4.15.

The tests shall be performed at the rated current and the rated operationalvvoltage. At least
25 % of all electrical operations shall be performed by actuating the testdevice and affurther
25 % (&t least) shall be performed by applying a residual current of I, taCany pole.

The relevant product standard shall also specify the acceptance criteria after this test.

9.4 Tests of behaviour of the DC-RCD under short-circuit conditions
9.4.1 General

The tegt procedure shall define the test circuit for petforming short-circuits tests.

The tept procedure for the DC-RCD shall inclide the tests based on the requiremgnts of
9.4.2 g), b), c¢), d), e), f), g), as applicable.” After the tests, the DC-RCD shall be|tested
according to test procedure of 9.4.3.

For nesidual current devices *with integral overcurrent protection, the| tests
9.4.2 4d), c), d), e), f), g) need notibe introduced in the test procedure. These tests gnd the
consequent verification are replaced by specific short-circuit tests based on the relevant
circuit-preaker standard.

The tept procedure of'the DC-RCD product standard shall specify the following items, as
applicable:

— tes{ circuit;

— minfmum<2iand /. values of the SCPD to be associated with the DC-RCD for coordination
tesfs according to 9.4.2 c), d) and e);

— timé-canstant nr‘r‘nrding to classification 4 15

— power recovery voltage;
— tolerances on test quantities: current, time constant, voltage;

— the coordination tests 9.4.2 c), d) and e) shall be performed with an SCPD as declared by
the manufacturer.

9.4.2 Short-circuit tests
The recommended diagram for short-circuit tests is given in Annex A.
a) Test of verification of the rated making and breaking capacity (/)

This test is intended to verify the ability of the DC-RCD to make, to carry for a specified time,
and to break short-circuit currents, while a residual current causes the DC-RCD to operate.
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The DC-RCD is tested with a current of 7, in a circuit according to the general test conditions
specified in 9.4.1, no SCPD being inserted in the circuit.

With a residual operating current equal to 10 1,,, the following sequence of operation is
performed:

CO-t-CO-r-CO
b) Test of verification of the rated residual direct making and breaking capacity (Ip,)

This test is intended to verify the ability of the DC-RCD to make, to carry for a specified time,
and to break a residual short-circuit current.

The DE-RCD is tested according to the general test conditions specified in 9.4 A4, "nol SCPD
being ipserted in the circuit, but connected in such a manner that the short-circlit current is a
residugl current.

The cufrent paths which do not have to carry the residual short-circuit Current are corlnected
to the gupply voltage at their line terminals.

The following sequence of operations is performed:

O-¢tr-CO-¢r-CO

1)

c) Test of verification of the coordination between.thé DC-RCD and the SCPD at the rated
confditional short-circuit current (/)

This tept is intended to verify that the DC-RCDy%protected by the SCPD, is able to withstand,
withouf damage, the rated conditional short-circuit current. The test is made without
establighing any residual current.

The shprt-circuit current is interrupted-by the association of the DC-RCD and the SCHD. The
following sequence of operations jstperformed:

O-¢t-CO
d) Tegt of verification of the coordination at the rated making and breaking capacity ()

This test is intended\.to check that at short-circuit currents of a value corresponding| to the
rated making and*breaking capacity I,,,, the SCPD operates and protects the DC-RCD. The
test is made without establishing any residual current.

The shprt-circuit current is interrupted by the association of the DC-RCD and the SC
followir } } :

O-t-CO-¢r-CO

e) Test of verification of the coordination at rated conditional residual short-circuit current
([Ac)

This test is intended to check that in the case of phase-to-earth short-circuits with currents up
to the value of the rated conditional residual short-circuit current 7,., the DC-RCD is able to
withstand the corresponding stresses.

The short-circuit current is interrupted by the association of the DC-RCD and the SCPD. The
DC-RCD shall be tested in such a manner that the short-circuit current is a residual current.

The following sequence of operations is performed:
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O-¢tr-CO-¢t-CO

t of verification of behaviour in IT systems

This test is applicable for DC-RCDs intended to be used in IT systems. The test is performed
in the following conditions:

— at a voltage 105 % of the rated L+ to L- voltage for the poles intended to be connected to
the line conductors and at a voltage of 105 % of line to midpoint voltage for the pole
marked M if any;

— at a current of 500 A or 10 In whichever is the greater.

Each p

The tes

g) Ver

The D¢
time cd

The teq
to the ]

1 H | N tod il Ll + £ +
MG TO OUUJU\/LUU IIIUIVIUually U A Col.
t sequence is:

O-¢tr-CO
fication of small DC currents

L-RCD condition and method of installation shall be as specified in 9.4.1, but
nstant of 2 ms.

t shall be made at the maximum operational DC v@ltage assigned by the manuf]
DC-RCD.

with a

acturer

will be

The D¢-RCD is closed three times for each of the\test currents listed below. During the test,
the opg¢rating means are operated as in normalgyse. If the DC-RCD does not open, it
opened manually.

Testcdrrents: 1 A, 2 A, 4 A, 8A, 16 A, 32°A, 63 A, 150 A.

The time interval between the individual operating cycles CO shall be at least 10 s, §
closingr;Itime shall not exceed 25 The time interval between the tests for different ¢

shall b
During

9.4.3

During
the cor
the clo

at least 2 min.
the test, the time required for the arc to be extinguished shall not exceed 1 s.

Behaviour-of the DC-RCD during and after the tests

these _tests, it shall be verified that the indicating means show the open positio
tacts are in the open position and show the closed position when the contacts
Eed’position.

nd the
urrents

n when
are in

After each of the tests applicable, carried out in accordance with 9.4.2 a), b), c¢), d), e), f) and
g), the DC-RCD shall show no damage impairing its further use and shall be capable, without
maintenance, of withstanding the following tests:

— leakage current across open contacts, not higher than 2 mA at 1,1 times the rated voltage;

— dielectric strength tests after the short-circuit test at a voltage at least equal to twice the
rated voltage, for 1 min;

— making and breaking its rated current at its rated voltage.

Under the test conditions of 9.2.4, the DC-RCD shall trip with a test current of 1,25 7,,. One
test only is made on one pole taken at random, without measurement of break time.
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9.5 Test of the trip-free mechanism

A test procedure shall be introduced in the relevant DC-RCD standard in order to verify the
trip-free mechanism. The test procedure shall verify that when the operating means are held
in the closed position, the DC-RCD trips when a residual current is applied. This test is
performed with a residual current greater than I,,,.

9.6 Verification of the operation of the test device

A test procedure shall be introduced in the relevant DC-RCD standard covering at least the
following:

the
dey
bef|

tes

a)

b)

c) tes

int

In casq
to each
each t
impairi

It shall
the res
of the

ice is momentarily actuated 25 times at intervals of 5 s, the DC-RCD being 'rq
bre each operation;

a) is then repeated at 1,1 times the rated voltage;

he closed position for 30 s.

of DC-RCDs with unidentified line and load terminals, the Supply shall be con
set of terminals in turn or alternatively to both sets of términals simultaneous
bst, the DC-RCD shall operate. After the test, the sample shall show no
ng its further use.

be verified that the simulated test current does.not exceed the equivalent of 2,

jdual current /,, through one of the poles of the. DC-RCD. For example, the res

Circuit of the test device may be measured .ahd the test current calculated, taki

account the configuration of the circuit of the test device.

closed

b) is then repeated, but only once, the operating means of the test 'device being held

nected
ly. For
change

b times
stance
ng into

9.7 Test of behaviour of DC-RCDs in case of current surges caused by impulse
yoltages

9.7.1 Current surge test for all BE-RCDs (0,5 ps/100 kHz ring wave test)

A test procedure shall be introduced in the relevant DC-RCD standard covering at lepst the

following.

The DC-RCD is tested( using a surge generator capable of delivering a damped odcillator

currentl wave as showp in Figure 1. One pole of the DC-RCD, chosen at random, shall be

submitied to 10 applications of the surge current. The polarity of the surge wave shall be

invertefl after every two applications. The interval between two consecutive applicatior}s shall

be abopt 30 st

The cufreqat impulse flowing through the DC-RCD shall be measured by appropriate mg¢ans to

meet thefottowmg Tequirenments:

— peak value: 200 A with a tolerance of 0 % + 10 %;

virtual front time: 0,5 ys + 30 %;

period of the following oscillatory wave: 10 ys + 20 %.

During the tests, when supplied with rated voltage, the DC-RCD shall not trip. Technical
committees shall define the appropriate operating characteristics tests to be performed after
the ring-wave test.

9.7.2 Verification of behaviour with surge currents (8/20 pus surge current test)

For DC-RCDs, technical committees shall include the following test. The DC-RCD is tested
using a current generator capable of delivering a damped surge current 8/20 ys according to
IEC 60060-1 and IEC 60060-2.
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One pole of the DC-RCD chosen at random shall be submitted to 10 applications of the surge
current. The polarity of the surge current wave shall be inverted after every two applications.

The interval between two consecutive applications shall be about 30 s.

The current impulse flowing through the DC-RCD shall be measured by appropriate means to
meet the following requirements:

— peak value: 350 A 0 % + 10 %, with no tripping, and 3 000 A 0 % + 10 %, with tripping
allowed;

— virtual front time: 8 us £ 20 %;

— virthal time to half value: 20 ys + 20 %;

— pedk of reverse current: less than 30 % of peak value.

After the surge current tests, the correct operation of the DC-RCD is verified by[a test
according to 9.2.4, at I, only, with the measurement of the break time.

9.8 Tests of reliability
9.8.1 Climatic test

A test procedure shall be introduced in the relevant DC-RCB, standard covering at lepst the
following requirements.

The tegt is carried out according to IEC 60068-2-30,.taking into account IEC 60068-3-4

The chpmber shall be constructed as stated in Clause 4 of IEC 60068-2-30:2005. Conglensed
water ghall be continuously drained from the ehamber and not used again until it has bgen re-
purified.

Only distilled water having resistivity of not less than 500 Q and a pH value of 7,0 + 0)2 shall
be used for the maintenance of chamber humidity.

The upper temperature shall be/55 °C + 2 °C (variant 1 according to IEC 60068-2-30) and the
numbef of cycles shall be 28.

During|the test, the DC-RCD shall be supplied with rated voltage.

At the end of thelcycles, the DC-RCD shall be capable of complying with the tests of 9.2.4,
but with a residual operating current of 1,25 I,,, and without measurement of break timsg.

9.8.2 Test with temperature of 40 °C

For standards covering DC-RCDs for household and similar applications, a test procedure
shall be introduced in the relevant DC-RCD standard covering at least the following
requirements.

The DC-RCD is mounted as for normal use on a dull black painted plywood board, about
20 mm thick.

The assembly is placed in a heating cabinet.

The DC-RCD is loaded with a current equal to the rated current at any convenient voltage and
is subjected, at a temperature of 40 °C = 2 °C, to 28 cycles, each cycle comprising 21 h with
current passing and 3 h without current and without supply voltage. The current is interrupted
by an auxiliary switch, the DC-RCD not being operated.
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At the end of the last period of 21 h with current passing, a temperature rise test of terminals
shall be required by the product standard.

After this test, the DC-RCD in the cabinet is allowed to cool down to approximately room
temperature without current passing.

The DC-RCD shall be capable of complying with the tests of 9.2.4, but with a residual
operating current of 1,25 I, and without measurement of break time.

9.9 Verification of ageing of electronic components

The DG-RGBb-is—placedforaperiod-of468-hin-anambienttemperature—of40-C=+2C and
loaded|with the rated current. The voltage on the electronic parts shall be 1,1 times”thg rated
voltagd.

After this test, the DC-RCD in the cabinet is allowed to cool down to approximately room
temperpture without current passing. The electronic parts shall show no damage.

Under the conditions of tests specified in 9.2.4, the DC-RCD shall4rip’ with a test cufrent of
1,25 IAh. One test only is made on one pole taken at random without measurement of break
time.

An example of the test circuit for this verification is given in Figure 4.

9.10 Tests of electromagnetic compatibility (EMC)
9.10.1| General

Technigal committees shall introduce EMC_tests based on the intended use of the DIC-RCD
and on the possible environmental influences that may affect the correct operation| of the
DC-RCPD.

When drafting standards, technicalicommittees shall at least consider the requirementg of the
following IEC generic standards:

IEC 61D00-6-1, Electromagnetic compatibility (EMC) — Part 6-1. Generic standards
Immunity for residential, commercial and light-industrial environments

IEC 61D00-6-2, ,Electromagnetic compatibility (EMC) — Part 6-2: Generic standards
Immunlity standard for industrial environments

IEC 61D0Q0-6<3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards
Emissipnstandard for residential, commercial and light-industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) - Part 6-4: Generic standards
Emission standard for industrial environments

Test levels and acceptance criteria shall be defined by the technical committees taking into
account that DC-RCDs are used to protect people against electric shock. Higher test levels
than those specified in the generic standards may be appropriate.
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9.10.2 General requirements

For DC-RCDs, technical committees shall introduce EMC tests according to
IEC 61543 (see Table 8).

— Criteria C1

During the test making reference to these performance criteria, the DC-RCD shall remain
closed at a continuously applied residual current of 0,3 /xn, and shall trip at 1,25 /.

— Criteria C2

During the test making reference to these performance criteria, the DC-RCD shall not trip.
After tHe test, compliance with 9.2.4 at /5, only shall be checked.

— Criteria C3

During|the test making reference to these performance criteria, the DC-RCDB,-may trip. After
the tes}, compliance with 9.2.4 at I, only shall be checked.
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Table 8 — List of electromagnetic phenomena covered by IEC 61543

Reference to Tables 1, 2,
3, 4, 5 and 6 of
IEC 61543:1995,
IEC 61543:1995/AMD1:2004

Electromagnetic phenomena

Applicability of IEC 61543

and
IEC 61543:1995/AMD2:2005
T1.1 Harmonics, interharmonics Applicable
T1.2 Signalling voltage Applicable
T1.3 Voltage amplitude variations To be covered by DC-RCDs product
standard
T1.4 Voltage unbalance To be covered by DC-RCDsprpduct
standard
T1.5 Power-frequency variations Not applicable
T18 Magnetic fields To be covered byDC-RCDs prpduct
standard
T2.1 Conducted sine-wave form voltages or Applicable with-specific performnance
currents criteria:
C1
The test level shall be 3 V accerding
to\JEC 61000-4-6.
T2.2 Fast transients (burst) — Common mode “{“Applicable with specific perforfnance
criteria:
C2
The test level 4 shall be accorgiing to
IEC 61000-4-4.
T2.3a Surges Applicable with specific perforfnance
criteria:
C2orC3
The test level shall be 5 kV /12 Q
(peak) for common mode and the test
level shall be 4 kV/2 Q (peak) for
differential mode according to
IEC 61000-4-5
Surges Applicable with specific perforqnance
criteria:
Cc2
T2.3b The test level shall be 4 kV/12|Q
(peak) for common mode and the test
level shall be 2 kV/2 Q (peak) for
differential mode according to
IEC 61000-4-5
Current oscillatory transients (ring To be covered by DC-RCDs prbduct
s wave) standard
T2.5 Radiated electromagnetic field Applicable with specific performance
criteria:
C1
The test level shall be 3 V/m
according to IEC 61000-4-3
T2.6 Conducted common mode disturbances Applicable with specific performance

in the frequency range lower than
150 kHz

criteria:
c1

The test level 3 shall be according to

IEC 61000-4-16.
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Reference to Tables 1, 2, Electromagnetic phenomena Applicability of IEC 61543

3, 4, 5 and 6 of
IEC 61543:1995,
IEC 61543:1995/AMD1:2004

IEC 61543:1995/AMD2:2005

and

T3.1 Electrostatic discharges Applicable with specific performance

criteria:
C3

IEC 61000-4-2.

The test level 3 shall be according to

9.10.3

IEC 61
accord

9.10.4
The D(

applicat

One pa
current
The inf
15 s th

The pe
the loa

During

Specific requirements on ripple immunity

D00-4-17 ripple on DC input power port immunity test: the test level3 s
ng to IEC 61000-4-17 with performance criteria C1.

Verification of behaviour during inrush currents

-RCD shall be tested with a downstream circuit simulating.inrush currents in a n
ion.

wnstream circuit is shown in Figure 3.

le of the DC-RCD chosen at random shall be_submitted to 10 applications of the

The polarity of the inrush current wave shall be inverted after every 2 applig
erval between 2 consecutive applications “shall be about 30 s, whereas alway
b current is switched OFF.

ak value of the prospective inrush current shall be adjusted to 350 A (-0 %, +10
1 current in the steady state shallbe the rated current /.

the tests, the DC-RCD shatlnot trip.

nall be

eal DC

inrush
ations.
s after

%) and
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