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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RESIDUAL CURRENT OPERATED CIRCUIT-BREAKERS
WITH INTEGRAL OVERCURRENT PROTECTION
FOR HOUSEHOLD AND SIMILAR USES (RCBOs) -

Part 2-1: RCBOs according to classification 4.1.1

FOREWORD

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

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

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

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

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

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

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

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

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

IEC 61009-2-1 has been prepared by subcommittee 23E: Circuit-breakers and similar
equipment for household use, of IEC technical committee 23: Electrical accessories. It is an
International Standard.

This second edition cancels and replaces the first edition published in 1991. This edition
constitutes a technical revision.

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

a) harmonization of all clauses between the IEC 61008, IEC 61009 and IEC 60755 series using

blocks and modules approach;
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b) harmonization of all tables and figures between the IEC 61008, IEC 61009 and IEC 60755
series;

c) terms and definitions are now referred to IEC 62873-2;

d) modification of Subclause 4.1 for classification according to supply conditions;

e) specific tests for operating characteristics (9.9) of RCBO according to classification 4.1.1;

f) specific test conditions for temperature-rise (9.8), verification of trip-free (9.15), surge
current tests (9.19), reliability (9.20) and ageing (9.21).

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

Draft Report on voting

23E/1371/FDIS 23E/1389/RVD

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

The language used for the development of this International Standard is English.
This International Standard is to be used in conjunction with IEC 61009-1:2024.

Where this document states "addition", "deletion" or "replacement", the corresponding
requirement, test specification or explanatory material in IEC 61009-1:2024 is adapted
accordingly.

Where this document defines a new subclause, this subclause number starts at 100 (for
example an additional definition in this document would read 3.100).

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

A list of all parts in the IEC 61009 series, published under the general title Residual current
operated circuit-breakers with integral overcurrent protection for household and similar uses
(RCBOs), can be found on the IEC website.

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

e reconfirmed,

e withdrawn, or

e revised.
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RESIDUAL CURRENT OPERATED CIRCUIT-BREAKERS
WITH INTEGRAL OVERCURRENT PROTECTION
FOR HOUSEHOLD AND SIMILAR USES (RCBOs) -

Part 2-1: RCBOs according to classification 4.1.1

1 Scope

IEC 61009-1:2024, Clause 1 is applicable except for the first paragraph and the last paragraph,
which are replaced by the following, respectively:

This document applies to residual current operated circuit-breakers with integral overcurrent
protection for household and similar uses (hereafter referred to as RCBOs), classified according
to IEC 61009-1:2024, 4.1.1. RCBOs according to this document are intended for voltages not
exceeding 440 V AC with frequencies of 50 Hz, 60 Hz or 50/60 Hz and currents not exceeding
125 A and rated short-circuit capacities not exceeding 25 000 A for operation at 50 Hz or 60 Hz.

This document applies in conjunction with IEC 61009-1:2024. It specifies requirements, tests
and test sequences to verify compliance and is used for certification purposes.

2 Normative references

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

IEC 61009-1:2024, Residual current operated circuit-breakers with integral overcurrent
protection for household and similar uses (RCBOs) — Part 1: General rules

IEC 61543:2022, Residual current-operated protective devices (RCDs) for household and
similar use — Electromagnetic compatibility

IEC 62873-2, 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 this document, the terms and definitions given in IEC 62873-2 and in
IEC 61009-1 apply.

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

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

¢ |ISO Online browsing platform: available at https://www.iso.org/obp
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4 Classification

IEC 61009-1:2024, Clause 4 applies with the following modifications (deletion of 4.1.2, 4.1.3,
4.1.4,4.1.5, and 4.1.6):

4.1 According to the supply conditions

411 RCBO operating correctly on the occurrence of residual current
— within the voltage range 1,1 U, and zero volt; and

— with any number of supply conductors connected.
The RCBO does not open automatically in the event of loss of supply.
5 Characteristics of RCBOs

IEC 61009-1:2024, Clause 5 applies.

6 Marking and other product information

IEC 61009-1:2024, Clause 6 applies.

7 Standard conditions for operation in service and for installation

IEC 61009-1:2024, Clause 7 applies.

8 Requirements for construction and operation

IEC 61009-1:2024, Clause 8 applies.

9 Tests
IEC 61009-1:2024, Clause 9 applies with following modifications.

9.1 General

IEC 61009-1:2024, 9.1 applies with the following modification:
Replace the third paragraph with:
The test sequences and the number of samples to be submitted are stated in Annex A.

9.8 Test of temperature-rise
9.8.2 Test procedure

IEC 61009-1:2024, 9.8.2 applies with the following addition:

The test is performed at any convenient voltage.
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9.9 Verification of the operating characteristics
9.9.1 Verification of the operating characteristics under residual current conditions
9.9.1.1 Test circuit and test procedure

The RCBO is installed as for normal use.

The test circuit shall be of negligible inductance. For tests according to 9.9.1.2, the test circuit
shall correspond to Figure 2. For tests according to 9.9.1.3, the test circuit shall correspond to
Figure 3 or Figure 4, as applicable.

The instruments for the measurement of the residual current shall display (or allow to determine)
the true RMS value.

Unless otherwise specified in this document, the tests are performed with no load at the ambient
air temperature of 20 °C £ 5 °C.

The RCBO shall perform the tests of 9.9.1.2 and 9.9.1.3, as applicable.

Each test is performed by applying the residual current to one pole only, taken at random, with
five measurements, unless otherwise specified in this document. The other poles shall not be
connected to the supply, unless otherwise specified in this document.

For RCBOs having more than one rated frequency, the tests shall be carried out at the lowest
and highest frequency, except for the test in 9.9.1.2.5 where verification is performed at one
frequency only.

For RCBOs having multiple settings of residual operating current, the tests shall be carried out
for each setting.

9.9.1.2 Tests for all RCBOs

9.9.1.2.1 Verification of correct operation in the case of a steady increase of the
residual current

The switch S; and the RCBO being in the closed position, the residual current is steadily
increased, starting from a value not higher than 0,2 I1,,, trying to attain the value of 15, within
30 s. The test shall be performed five times, the tripping current being measured each time.

All five measured values shall be situated between I5,, and I,,,.

9.9.1.2.2 Verification of correct operation on closing on a residual current

The test circuit being calibrated at the value of the rated residual operating current /,, and the
switch S, being closed, the RCBO is closed to simulate service conditions as closely as
possible.

The break time is measured five times. No measurement shall exceed the limiting value
specified for I,,, in IEC 61009-1:2024, Table 11, according to the type of RCBO.
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9.9.1.2.3 Verification of correct operation in the case of sudden appearance of
residual current

1) All types

The test circuit being successively calibrated at each of the values of residual current
specified in IEC 61009-1:2024, Table 11, the RCBO being in the closed position, the test
current is suddenly established by closing the switch S.

The RCBO shall trip during each test.
Five measurements of the break time are carried out at each value of residual current.

No value shall exceed the relevant specified limiting value given in IEC 61009-1:2024,
Table 11.

2) Additional test for type S

The test circuit being successively calibrated at each of the values of residual current
specified in IEC 61009-1:2024, Table 11, the RCBO being in the closed position, the
residual current is suddenly established by closing the switch S, for periods corresponding

to the relevant minimum non-actuating times, with a tolerance of _50 %.

Each application of residual current shall be separated from the previous one by an interval
of at least 1 min.

The RCBO shall not trip during any of the tests.

9.9.1.24 Verification of correct operation in the case of sudden appearance of
residual currents between 5 I,,, and 500 A

The test circuit is calibrated successively to the following values of the residual current:
5A,10 A, 20 A, 50 A, 100 A and 200 A.

The RCBO being in the closed position, the residual current is suddenly established by closing
the switch S;.

The RCBO shall trip during each test. The break time shall not exceed the times given in
IEC 61009-1:2024, Table 11.

The test is carried out once for each value of residual current on one pole only, taken at random.

9.9.1.2.5 Verification of correct operation with load

The tests 0f 9.9.1.2.2 and 9.9.1.2.3 are repeated, the pole under test and one other pole of the
RCBO being loaded with rated current, at any convenient voltage.

This test is not intended to reach thermal steady-state conditions.

NOTE The loading with rated current is not shown in Figure 2.
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9.9.1.2.6 Tests at the temperature limits

The RCBO shall perform the tests specified in 9.9.1.2.3 under the following conditions,
successively:

1) ambient air temperature: -5 °C, off-load, the residual current being connected to one current
path only.

2) ambient air temperature: +40 °C, the RCBO having been previously loaded with the rated
current, at any convenient voltage, until it attains thermal steady-state conditions.

Preheating may be carried out at any convenient voltage at either 50 Hz or 60 Hz but
auxiliary circuits shall be supplied at rated voltage, or loaded with rated current, as
applicable.

In practice, these conditions are reached when the variation of temperature-rise does not
exceed 1 K per hour.

For the tripping tests in 2), the flow of rated current may be interrupted, provided that the
total interruption period does not exceed 30 s. As soon as the sum of interruption periods
exceeds 30 s, the RCBO shall be loaded again with rated current for 5 min before the next
tripping time measurement.

9.9.1.3 Additional verification of correct operation for RCBOs of type A

9.9.1.3.1 Verification of correct operation in the case of a continuous rise of residual
pulsating direct current

The test shall be performed according to Figure 3.

The switch S, and the RCBO shall be closed. The relevant thyristor shall be controlled in such

a manner that current delay angles « of 0, 90 and 135 are obtained. Each pole of the RCBO
shall be tested twice at each of the current delay angles, in position | as well as in position Il of
the switch S,.

For each test, the current shall be steadily increased at an approximate rate of 1,41,, /
30 amperes per second for RCBOs with I, > 0,01 A, and at an approximate rate of 2 /7, /
30 amperes per second for RCBOs with /,, < 0,01 A, starting from zero. The tripping current
shall be in accordance with IEC 61009-1:2024, Table 14.

9.9.1.3.2 Verification of correct operation in the case of suddenly appearing residual
pulsating direct currents

The RCBO shall be tested according to Figure 3.

The circuit being successively calibrated at the values specified hereafter and the RCBO being
in the closed position, the residual current is suddenly established by closing the switch S;.

The testis carried out at each value of residual current specified in IEC 61009-1:2024, Table 12,
according to the type of RCBO.

Two measurements of the break time are made at each value of residual current, at a current
delay angle a = 0 with the switch S, in position | for the first measurement and in position Il for

the second measurement.

No value shall exceed the specified limiting values.
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9.9.1.3.3 Verification of correct operation with load

The tests of 9.9.1.3.1 are repeated, the pole under test and one other pole of the RCBO being
loaded with the rated current, at any convenient voltage.

For this test it is not intended to reach thermal steady-state conditions.

NOTE The loading with rated current is not shown in Figure 3.

9.9.1.34 Verification of correct operation in the case of residual pulsating direct
currents superimposed by a smooth direct current of 0,006 A

The RCBO shall be tested according to Figure 4 with a half-wave rectified residual current
(current delay angle a = 0) superimposed by a smooth direct current of 0,006 A of same polarity.

Each pole of the RCBO is tested in turn, twice at each of positions | and II.

For each test, the current shall be steadily increased at an approximate rate of 1,4 1,, /
30 amperes per second for RCBOs with /5, > 0,01 A, and at an approximate rate of 2 /7, /
30 amperes per second for RCBOs with I,, < 0,01 A, starting from zero. The tripping current
shall be in accordance with the upper limit of IEC 61009-1:2024, Table 14.

9.15 Verification of the trip-free mechanism
9.15.1 General test conditions

The RCBO is mounted and wired as in normal use and supplied under the conditions of 9.9.1.1.
It is tested in a substantially non-inductive circuit, the diagram of which is shown in Figure 2.

For RCBOs having multiple settings, the test is carried out for each setting.

If the RCBO is fitted with more than one operating means, the trip-free operation is verified for
all operating means.

9.15.2 Test procedure

A residual current equal to 1,5 I, is passed by closing the switch S;, the RCBO having been
closed and the operating means being held in the closed position. The RCBO shall trip.

This test is then repeated by moving the operating means of the RCBO slowly over a period of
approximately 1 s to a position where the current starts to flow. Tripping shall occur without
further movement of the operating means.

Both tests are carried out three times, at least once on each pole intended to be connected to
a phase.

9.19 Verification of the behaviour of RCBOs in the event of current surges caused by
impulse voltages

9.19.1 Current surge test for all RCBOs (0,5 ys / 100 kHz ring wave test)

IEC 61009-1:2024, 9.19.1 applies with the following addition:

The test is performed without the RCBO being connected to the supply voltage.
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9.19.2 Verification of the behaviour at surge currents up to 3 000 A (8/20 ys surge
current test)

9.19.2.1 Test conditions
IEC 61009-1:2024, 9.19.2.1 applies with the following addition:

The test is performed without the RCBO being connected to the supply voltage.

9.20 Verification of reliability
9.20.1.3 Test procedure
IEC 61009-1:2024, 9.20.1.3 applies with the following addition after b) 1):

The RCBOs shall be in the closed position and not supplied.

9.20.2 Test with temperature of 40 °C
IEC 61009-1:2024, 9.20.2 applies with the following addition:

The test is performed at any convenient voltage.

9.21 Verification of withstand against ageing

IEC 61009-1:2024, 9.21 applies with the following addition:
The test is performed at any convenient voltage.

9.22 Electromagnetic compatibility (EMC)

RCBOs shall be tested according to the test sequences H, | and J listed in Annex A.

The test T1 of IEC 61543 does not apply.
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Figure 2 — Test circuit for the verification of operating characteristics
and trip-free mechanism for RCBOs classified according to 4.1.1
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Figure 3 — Test circuit for the verification of the correct operation in case of residual
pulsating direct currents for RCBOs classified according to 4.1.1
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Figure 4 — Test circuit for the verification of the correct operation in case of residual
pulsating direct currents in the presence of a standing smooth direct current
of 0,006 A for RCBOs classified according to 4.1.1
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