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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS UP
TO 1000V A.C. AND 1500 V D.C. - EQUIPMENT FOR TESTING,
MEASURING OR MONITORING OF PROTECTIVE MEASURES -

Part 16: Equipment for testing the effectiveness of the protective
measures of electrical equipment and/or medical electrical equipment

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 televant subjects since<each technical committee' has representation from all
interested IEC National Committees.

IEC Publications have the form ofi recommendation$ 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 promotelinternational.tniformity,OfEC!Nationat/Committees undertake to apply IEC Publications
transparently to the maximum extent,(possible:iin/their| nationalD@nd 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.

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

International Standard IEC 61557-16 has been prepared by IEC technical committee 85:
Measuring equipment for electrical and electromagnetic quantities.

The text of this standard is based on the following documents:

FDIS Report on voting
85/487/FDIS 85/504/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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This part of IEC 61557 shall be used in conjunction with Part 1.

A list of all parts in the IEC 61557 series, published under the general title Electrical safety in
low voltage distribution systems up to 1 000 V a.c. and 1 500 V d.c. — Equipment for testing,
measuring or monitoring of protective measures, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

This part of IEC 61557 defines performance requirements for measuring equipment using
measuring methods described in IEC 62353, especially for evaluation of leakage currents
within electrical equipment. It is the intention of this standard to achieve comparable
measuring results, additional safety for the testing person and negligible electrical stress for
the unit under test.
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ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION SYSTEMS UP
TO 1000V A.C. AND 1500 V D.C. - EQUIPMENT FOR TESTING,
MEASURING OR MONITORING OF PROTECTIVE MEASURES -

Part 16: Equipment for testing the effectiveness of the protective
measures of electrical equipment and/or medical electrical equipment

1 Scope

This part of IEC 61557 defines performance requirements for test and measurement
equipment to determine the effectiveness of the protective measures of electrical measures
for electrical equipment and/or medical electrical equipment described in IEC 62353.

2 Normative references

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

IEC 60529, Degrees of protection provided by enclesures (IR-Code)

IEC 61000-4-8, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement
techniques — Power frequency magnetic-fieldimmunity test

IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 1: General requirements

IEC 61010-031, Safety requirements for electrical equipment for measurement, control and
laboratory use — Part 031: Safety requirements for hand-held probe assemblies for electrical
measurement and test

IEC 61010-2-030, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 2-030: Particular requirements for testing and measuring circuits

IEC 61010-2-032, Safety requirements for electrical equipment for measurement, control and
laboratory use — Part 2-032: Particular requirements for hand-held and hand-manipulated
current sensors for electrical test and measurement

IEC 61326-1, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 1: General requirements

IEC 61326-2-2, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 2-2: Particular requirements — Test configurations, operational conditions
and performance criteria for portable test, measuring and monitoring equipment used in low-
voltage distribution systems

IEC 61557-1:2007, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 1:
General requirements
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IEC 61557-2, Electrical safety in low voltage distribution systems up to 1 000V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 2:
Insulation resistance

IEC 61557-4:2007, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 4:
Resistance of earth connection and equipotential bonding

IEC 61557-10, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part
10: Combined measuring equipment for testing, measuring or monitoring of protective
measures

IEC 61557-13:2011, Electrical safety in low voltage distribution systems up to 1 000 V a.c.
and 1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures —
Part 13: Hand-held and hand-manipulated current clamps and sensors for measurement of
leakage currents in electrical distribution systems

IEC 62353, Medical electrical equipment — Recurrent test and test after repair of medical
electrical equipment

3 Terms and definitions

For the purposes of ithisi document,™ the/‘terms’ and“.definitionsVgiven in IEC 61557-1,
IEC 61557-2, IEC 61557-4, IEC 61557-10 and,,IEC 61557-13 (if applicable) and the following

apply.

3.1

test socket outlet

socket outlet on the test equipment)forathesunit-under test, separated from the active parts of
the mains circuit by double insulation

3.2
mains socket outlet
socket outlet on the test equipment used to supply mains to the equipment under test

3.3

combined test-mains socket outlet

socket outlet on the test equipment that can be switched to either test-condition and/or supply
condition

3.4

service socket

socket outlet on the test equipment to supply mains to further test equipment or additional
equipment

3.5
test terminal
terminal used independently, in parallel or in combination, with the test socket

3.6
measuring circuit MD
electric circuit with defined components and defined frequency characteristic

3.7
peak factor
ratio of the maximum absolute value of an alternating quantity to its root-mean-square value
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[SOURCE: IEC 60050-103:2009, 103-06-15]

4 Requirements

4.1 Measurement requirements for measuring equipment
411 General
The measuring equipment shall be capable of measuring at least the following quantities:

— resistance of protective bonding and/or protective earth resistance,
— insulation resistance,
— protective conductor current and/or equipment leakage current,

— touch current and/or applied part leakage current.

The operating uncertainty for all measured parameters within the required ranges at the
applicable limits according to IEC 62353 shall be + 15 % at the maximum. This requirement
shall be fulfilled for the measurement of leakage currents within a frequency range given by
the frequency characteristic of the measuring circuit MD.

If external current clamps are connected to the test and measurement equipment, they shall
comply with the requirements of IEC 61557-13 and their operating uncertainty shall be
included in the operating uncertainty of the measurement. In case of current clamps of class 2
and class 1 and extennal magnetic. fields/of 30 /A/m ‘and, 100 'A/m,/ the overall operating
uncertainty may be extended to + 20 % (class 2 and 30,A/m).or = 30 % (class 1 and 100 A/m).

The operating uncertainty shall be determined according to IEC 61557-1 with the influence
quantities E4, E,, E3, Eq modified, E},(Eyy5and.(if4applicable, E 3, E44, Eq5 according to
IEC 61557-13. :

4.1.2 Measurement of the resistance of the protective bonding or the protective earth
resistance

The measuring equipment shall be in accordance with IEC 61557-4. The withstand capability
against extraneous voltages is not required if the test and measurement equipment is not
intended to be used on fixed installed or permanently connected equipment.

The measuring circuit MD shall be separated from the active parts of mains by double or
reinforced insulation according to IEC 61010-1. The protective conductor may be connected
but parallel earth connections shall be indicated and/or taken into account by the test and
measurement equipment.

In case of calibrated detachable test leads, the calibration shall be indicated and the
indication shall continue as long as the calibration is valid.

The measuring range shall include the values between 0,05 Q and 1,99 O and the display
shall have a minimum resolution of 0,01 Q. Within the range of 0,1 Q and 1,99 Q, the
measuring current shall not be below 0,2 A. The operating uncertainty shall be within the
limits of 4.1.

Continuous measurements shall be possible for measuring currents below 5 A. For higher
currents a limitation is allowed after a specified time or by temperature control.
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4.1.3 Measurement of insulation resistance

The measuring equipment shall be in accordance with I[EC 61557-2. The withstand capability
against extraneous voltages is not required if the test and measurement equipment is not
intended to test fixed installed or permanently connected equipment.

The measuring range shall include the values between 100 kQ and 100 MQ and the operating
uncertainty shall be within the limits of 4.1. If the test and measurement equipment is not
intended to test applied parts type F according to IEC 62353, the measuring range is limited
to 10 MQ.

The measuring circuit shall be separated from the active parts of mains by double or
reinforced insulation according to IEC 61010-1. The protective conductor may be connected.

4.1.4 Measurement of protective conductor current and/or equipment leakage current
with the alternative method

If the test and measurement equipment includes the alternative method, the following
requirements for the measuring circuit apply:
— sinusoidal test voltage at mains frequency, THD shall not exceed 5 %;

— open circuit test voltage between 25V and 250 V. If test and measurement equipment is
specified according to IEC 62353 the test voltage shall be on the same level as the
nominal mains supply voltage;

— current measuring'range between'0,02-mA-and 19,99 mA-at the-minimum;

— minimum resolution 0,01 mA;

— current measuring circuit MD;

— output current limitation to 3,5 mA for'testvoltagestabove 50 V; ,

— recalculation of the measuring result.up.to. the nominal supply voltage.

If the test and measurement equipment is intended only for tests on non-medical equipment

the lower limit of the measuring range may be increased to 0,2 mA and the resolution to
0,1 mA.

The measuring circuit shall be separated from the active parts of mains by double or
reinforced insulation according to IEC 61010-1. The protective conductor may be connected.

4.1.5 Measurement of touch current, patient leakage current and applied part leakage
current with the alternative method

If the test and measurement equipment includes the alternative method, the following
requirements for the measuring circuit apply:
— sinusoidal test voltage at mains frequency,

— open circuit test voltage between 25V and 250 V. If test and measurement equipment is
specified according to IEC 62353 the test voltage shall be equal to the nominal mains
supply voltage,

— current measuring range between 0,02 mA and 19,99 mA at the minimum,

— minimum resolution 0,001 mA,

— current measuring circuit MD,

— output current limitation to 3,5 mA for test voltages above 50 V,

— recalculation of the measuring result up to the nominal supply voltage.

If the test and measurement equipment is intended only for tests on non-medical equipment,

the lower limit of the measuring range may be increased to 0,1 mA and the resolution to
0,01 mA.
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The measuring circuit shall be separated from the active parts of mains by double or
reinforced insulation according to IEC 61010-1.The protective conductor may be connected.

4.1.6 Measurement of protective conductor current and or equipment leakage current
with the direct method or differential method (residual method)

If the test and measurement equipment includes the direct method or differential method the
following requirements apply:

— measurement in both polarities of mains supply voltage in case of single phase equipment,

— current measuring range (frequency weighted) between 0,01 mA and 19,99 mA at the
minimum,

— current measuring range (non-frequency weighted according to Figure A.2) shall be
specified,

— minimum resolution 0,01 mA,

— current measuring circuit MD for the direct method,

— measurement of r.m.s values up to a peak factor 2 at the minimum taking into account the
required frequency characteristic see Annex A. In case of differential method the lower
limit of frequency range is 40 Hz and the upper limit shall include 100 kHz at the minimum.

If the test and measurement equipment is intended only for tests on non-medical equipment,
the lower limit of the measuring range is increased to 0,1 mA and the resolution to 0,1 mA.

The test and measurement equipment 'shall ‘provide /additional protective means against
electric shock or fire when the upits under test are in single fault condition.

In case of automatic test sequences, the unit under test shall not be connected to the supply
voltage as long as the applicable limits(fororesistance of protective bonding and insulation
resistance according to/IECI62353 aretexceeded: :

In case of non-automatic test sequences, the test and measurement equipment shall indicate
or display a warning to be aware of connection to the mains supply

If external current clamps are used for measurements, they shall comply with the
requirements of IEC 61557-13 and their operating uncertainty shall be included. The lower
limit of measuring range may be increased to 1 mA. In case of current clamps of class 2 and
class 1 and external magnetic fields of 30 A/m and 100 A/m, the overall operating uncertainty
may be extended to 20 % (class 2 and 30A/m) and 30 % (class 1 and 100 A/m). Leakage
currents shall be evaluated according to the frequency characteristic beginning at 40 Hz and
up to 10 kHz at the minimum and a warning shall be added to the operating instructions in 5.2.

4.1.7 Measurement of touch current, patient leakage current and applied part leakage
current with the direct method or differential method (residual method)

If the test and measurement equipment includes the direct method or differential method, the
following requirements apply:
— measurement in both polarities of mains supply voltage in case of single phase equipment;

— current measuring range (frequency weighted according to Figure A.2) between 0,01 mA
and 1,999 mA at the minimum;

— current measuring range (non-frequency weighted) shall be specified;
— minimum resolution 0,001 mA;
— current measuring circuit MD for the direct method,

— measurement of r.m.s values up to a peak factor of 2 at the minimum taking in account the
required frequency characteristic see Annex A. In case of the differential method, the
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