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European foreword

The text of document 108/630/FDIS, future edition 3 of , prepared by IEC/TC 108 "Safety of
electronic equipment within the field of audio/video, information technology and communication
technology"” was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 60990:2016.

The following dates are fixed:
¢ latest date by which the document has to be implemented at (dop) 2017-04-04
national level by publication of an identical national

standard or by endorsement

e latest date by which the national standards conflicting with (dow) 2019-07-04
the document have to be withdrawn

This document supersedes EN 60990:1999

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 60990:2016 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60065 NOTE Harmonized as EN 60065
IEC 60309-1:1999 NOTE Harmonized as (not modified).
IEC 60335-1 NOTE Harmonized as EN 60335-1.
IEC 60364-1 NOTE Harmonized as HD 60364-1.
IEC 60364-4-41:2005  NOTE Harmonized as HD 60364-4-41:2007 (modified).
IEC 60601-1 NOTE Harmonized in series.
IEC 60950-1 NOTE Harmonized as EN 60950-1.
IEC 61010-1 NOTE Harmonized as EN 61010-1.
IEC 62368-1 NOTE Harmonized as EN 62368-1.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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 latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Publication Year Title EN/HD Year
EC/TS 60479-1 2005 Effects of current on human beings and - -
livestock -
Part 1: General aspects
IEC/TS 60479-2 2007  Effects of current on human beings and - -
livestock -
Part 2: Special aspects
EC 61140 - Protection against electric shock - N 61140 -
Common aspects for installation and
equipment
ISO/IEC Guide 51 2014  Safety aspects - Guidelines for their - -

inclusion in standards

IEC Guide 104 2010  The preparation of safety publications - -
and the use of basic safety publications
and group safety publications
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS OF MEASUREMENT OF TOUCH CURRENT
AND PROTECTIVE CONDUCTOR CURRENT

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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 |EC 60990 has been prepared by TC 108: Safety of electronic
equipment within the field of audio/video, information technology and communication
technology.

This third edition cancels and replaces the second edition published in 1999. It constitutes a
technical revision.

The principal changes in this edition as compared with the second edition are as follows:
— the effects names have been updated to reflect increased understanding of the range of
effects and is in concert with present usage;

— the conditions of use invoking a GRIPPABLE PART have been reduced in the application of
the requirements based upon the current understanding of this effect;

— the references to |ISO 10012-1], which has been replaced by management standard of the
same number, have been replaced with explanatory text, where needed to maintain the
sense of the document;
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— former informative Annex H (GRIPPABLE PART) has been deleted from this update as it
does not properly represent the full set of conditions under which immobilization can
occur. A new informative Annex H (Analysis of frequency filtered touch current circuits
measurement) has been added;

— the Bibliography (formerly Annex M) has been updated with additional references for
completeness.

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

FDIS Report on voting
108/630/FDIS 108/640/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.

In this standard, the following print types or formats are used:

— requirements proper and normative annexes: in roman type;

— compliance statements and test specifications: in italic type;

— notes/explanatory matter: in smaller roman type;

- normative conditions within tables: in smaller roman type;

— terms defined in Clause 3: SMALL CAPITALS.

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

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This International Standard was developed as a response to concerns arising from the advent
of electronic switching techniques being broadly applied to power systems and within
EQUIPMENT, giving rise to high-frequency harmonic voltages and currents.

This standard is intended for the guidance of EQUIPMENT committees in preparing or
amending the test specifications in their standards for measurement of leakage current.
However the term "leakage current” is not used for reasons explained below.

This standard was initially prepared under the basic safety function assigned to TC 74 (now
TC 108), as follows:

Methods of measuring leakage current

This includes, for various types of EQUIPMENT, all aspects of what is referred to as "leakage
current”, including methods of measurement of current with regard to physiological effects
and for installation purposes, under normal conditions and under certain fault conditions.

The methods of measurement of leakage current described herein result from the review of
IEC TS 60479-1 and other publications, including descriptions of earlier methods of
measurement.

The following conclusions were derived from a review of the effects of leakage current:

— the primary concern for safety involves possible flow of harmful current through the
human body (this current is not necessarily equal to the current flowing through a
protective conductor);

— the effect of electric current on a human body is found to be somewhat more complex
than was assumed during the development of earlier standards in that there are several
body responses which should be considered. The most significant responses for setting
limits for continuous waveforms are

e perception,

o startle-reaction,

e letgo-immobilization, and
e ELECTRIC BURN.

Each of these four body responses has a unique threshold level. There are also significant
differences in the manner in which some of these thresholds vary with frequency.

Two types of current have been identified as needing separate measuring methods: TOUCH
CURRENT and PROTECTIVE CONDUCTOR CURRENT.

TOUCH CURRENT only exists when a human body or a body model is a current pathway.

It was also noted that the term "leakage current" has already been applied to several different
concerns: TOUCH CURRENT, PROTECTIVE CONDUCTOR CURRENT, insulation properties, etc.
Therefore, in this standard, the term "leakage current" is not used.

Measurement of TOUCH CURRENT

In the past, EQUIPMENT standards have used two traditional techniques for measurement of
leakage current. Either the actual current in the protective conductor was measured, or a
simple resistor-capacitor network (representing a simple body model) was used, the leakage
current being defined as the current through the resistor.
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This standard provides measuring methods for the four body responses to the electric current
noted above, using a more representative body model.

This body model was chosen for most common cases of electric shock in the general sense.
With respect to the path of current flow and conditions of contact, a body model
approximating full hand-to-hand or hand-to-foot contact in normal conditions is used. For
small areas of contact (for example, small, finger contact), a different model may be
appropriate but is not covered here.

Of the four responses, startle-reaction and letgo-immobilization are related to the peak value
of TOUCH CURRENT and vary with frequency. Traditionally, concerns for electric shock have
dealt with sinusoidal waveforms, for which r.m.s. measurements are most convenient. Peak
measurements are more appropriate for non-sinusoidal waveforms where significant values
of TOUCH CURRENT are expected, but are equally suitable for sinusoidal waveforms. The
networks specified for the measurement of startle-reaction and letgo-immobilization are
frequency-responsive and are so weighted that single limit power-frequency values can be
specified and referenced.

ELECTRIC BURNS, however, are related to the r.m.s. value of TOUCH CURRENT, and are relatively
independent of frequency. For EQUIPMENT where ELECTRIC BURNS may be of concern (see
7.2), two separate measurements are made, one in peak value for electric shock and a
second in r.m.s. value for ELECTRIC BURNS each using the appropriate test circuit.

EQUIPMENT committees should decide which physiological effects are acceptable and which
are not, and then decide on limit values of current. Committees for certain types of EQUIPMENT
may adopt simplified procedures based upon this standard. A discussion of limit values,
based upon earlier work by various IEC EQUIPMENT committees, is provided in Annex D.

Measurement of PROTECTIVE CONDUCTOR CURRENT

In certain cases, measurement of the PROTECTIVE CONDUCTOR CURRENT of EQUIPMENT under
normal operating conditions is required. Such cases include:

— selection of a residual current protection device,
— determination when a high integrity protective earth circuit is required,
— prevent excessive PROTECTIVE CONDUCTOR CURRENT overload in the electrical installation.

The PROTECTIVE CONDUCTOR CURRENT is measured by inserting an ammeter of negligible
impedance in series with the EQUIPMENT protective earthing conductor.
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METHODS OF MEASUREMENT OF TOUCH CURRENT
AND PROTECTIVE CONDUCTOR CURRENT

1 Scope

This International Standard defines measurement methods for

— d.c. or a.c. current of sinusoidal or non-sinusoidal waveform, which could flow through the
human body, and

— current flowing through a protective conductor.

The measuring methods recommended for TOUCH CURRENT are based upon the possible

effects of current flowing through a human body. In this standard, measurements of current

through networks representing the impedance of the human body are referred to as

measurements of TOUCH CURRENT. These networks are not necessarily valid for the bodies of
animals.

The specification or implication of specific limit values is not within the scope of this standard.
IEC TS 60479 series provides information regarding the effects of current passing through
the human body from which limit values may be derived.

This standard is applicable to all classes of EQUIPMENT, according to JEC 61140.

The methods of measurement in this standard are not intended to be used for

— TOUCH CURRENTS having less than 1 s duration,

— patient currents as defined in IEC 60601-1,

— a.c. at frequencies below 15 Hz, and

— currents above those chosen for ELECTRIC BURN limits.

This basic safety publication is primarily intended for use by technical committees in the
preparation of standards in accordance with the principles laid down in IEC Guide 104 and

ISO/IEC Guide 51. It is not intended for use by manufacturers or certification bodies
independent of product standards.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
basic safety publications in the preparation of its publications. The requirements, test
methods or test conditions of this basic safety publication only apply when specifically
referred to or included in the relevant publications.

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 latest edition of the referenced document (including any
amendments) applies.

IEC TS 60479-1:2005, Effects of current on human beings and livestock — Part 1: General
aspects

IEC TS 60479-2:2007, Effects of current on human beings and livestock — Part 2: Special
aspects
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EC 61140, Protection against electric shock — Common aspects for installation and
equipment

ISO/IEC Guide 51:2014, Safety aspects — Guidelines for their inclusion in standards

IEC Guide 104:2010, The preparation of safety publications and the use of basic safety
publications and group safety publications

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

TOUCH CURRENT

electric current through a human body or through an animal body when it touches one or
more accessible parts of an installation or of EQUIPMENT

[SOURCE: |[EC 60050-195:199§, 195-05-21]

3.2
PROTECTIVE CONDUCTOR CURRENT
current which flows in a protective conductor

3.3

EQUIPMENT

organized collection of electromechanical component parts and features to accomplish a
defined task (as specified in the relevant product standard).

Note 1 to entry: If not specified in the relevant standard, see Annex A.

3.4

GRIPPABLE PART

part of the EQUIPMENT which could supply current through the human hand to cause muscular
contraction around the part and an inability to let go

Note 1 to entry: Parts which are intended to be gripped with the entire hand are assumed to be grippable without
further investigation.

3.5

ELECTRIC BURN

burning of the skin or of an organ, caused by passing an electric current across or through
the surface

[SOURCE: IEC 60050-604:1987, 604-04-18]

4 Test site

4.1 Test site environment

Test site environmental requirements shall be as specified in the EQUIPMENT standard. If limit
values of less than 70 pA r.m.s. or 100 pA peak are specified, or if the EQUIPMENT contains
large shields which may be driven by high-frequency signals, product committees shall refer
to Annex B.
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4.2 Test transformer

The use of a test transformer for isolation is optional. For maximum safety, a test transformer
for isolation (T2 in Figure 2, T in Figure 6 to Figure 14) shall be used and the main protective
earthing terminal of the EQUIPMENT under test (EUT) earthed. Any capacitive leakage in the
transformer shall then be taken into account. As an alternative to earthing the EUT, the test
transformer secondary and the EUT shall be left floating (not earthed), in which case the
capacitive leakage in the test transformer need not be taken into account.

If transformer T is not used, the EUT shall be mounted on an insulating stand and appropriate
safety precautions taken, in view of the possibility of the body of the EUT being at hazardous
voltage.

4.3 Earthed neutral conductor

EQUIPMENT intended for connection to a TT or TN power distribution system shall be tested
with minimum voltage between neutral and earth.

NOTE Descriptions of various power distribution systems are given in Annex |.

The protective conductor and the earthed neutral conductor for the EUT should have a
voltage difference of less than 1 % of line-to-line voltage (see example in Figure 1).

A local transformer, see 4.2, will achieve this requirement.

Alternatively, if the voltage difference is 1 % or more, the following are examples of methods
which, in some cases, will avoid measurement errors due to this voltage:

— connecting the terminal B electrode of the measuring instrument network to the neutral
terminal of the EUT instead of the protective earthing conductor (see 6.1.2) of the supply;

— connecting the earthing terminal of the EUT to the neutral conductor, instead of the
protective earthing conductor, of the supply.

Building ‘ L
installation [ \
transformer ?)/otltage |
etween
lines ‘ N
Supply ™
Y |
\ EUT
PE
\
== Point of connection/% Less than 1 % of
of equipment the voltage
to supply between lines

IEC

Figure 1 — Example of earthed neutral, direct supply
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Test transformer
for isolation
Building T2 \ L
installation i ‘
transformer Voltage |
between ‘
lines
N
Supply ™
| \
\
PE EUT
\
= Point of connection Less than 1 % of
of equipment the voltage
to supply between lines

IEC

Figure 2 — Example of earthed neutral, with transformer for isolation

5 Measuring equipment

5.1 Selection of measuring network
5.1.1 General

Measurements shall be made with one of the networks of Figure 3, Figure 4 and Figure 5.

NOTE See Annexes E, F and G for further explanation of the three networks.

Unweighted touch
current

Test terminals = Y (r.m.s. value)

500
B
RB U1
IEC
Rs 1500 Q
Rg 500 Q
Cs 0,22 uF

Figure 3 — Measuring network, unweighted touch current
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Weighted touch current

(perception or startle-reaction)
h - k val
= 500 (peak value)

R

!—1\ .
L L
Ry m U, ¢, |,
| 1

Test terminals

|

IEC

Rs 1500 Q R, 10 000 Q
Rg 500 O C, 0,022 uF
Cs 0,22 puF

Figure 4 — Measuring network, touch current weighted for perception or startle-reaction

Weighted touch current
(letgo-immobilization)

Us
= —— (peak value)

500
. R2
Test terminals — R
“ | |
B R 1
i K m a ’ T G Us
Y I )
IEC
Rg 1500 Q R3 20 000 Q
Rp 500 Q C, 0,006 2 uF
Cg 0,22 uF C3 0,009 1 uF
Ry 10 000 ©

NOTE For special conditions on the use of this network, see 5.1.2.

Figure 5 — Measuring network, touch current weighted for letgo-immobilization

5.1.2 Perception and startle-reaction

The network of Figure 4 shall be used for low level electric shock limits. This circuit is to be
applied where the a.c. limit value in the product standard is up to 2 mA r.m.s. or 2,8 mA peak.

5.1.3 Letgo-immobilization

The network of Figure 5 shall be used for higher level electric shock limits. This circuit is to
be applied where the a.c. limit value in the product standard is more than 2 mAr.m.s. or
2,8 mA peak.

514 Electric burn (a.c.)

The unweighted TOUCH CURRENT network of Figure 3 shall be used.

5.1.5 Ripple-free d.c.

Any one of the three networks shall be used. Unless otherwise specified in the EQUIPMENT
standard, ripple-free d.c. means less than 10 % peak-to-peak ripple. Documents
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5.2 Test electrodes

5.2.1 Construction

Unless otherwise specified in the EQUIPMENT standard, the test electrodes shall be

— atestclip, or

— a 10 cm x 20 cm metal foil to represent the human hand. Where adhesive metal foil is
used, the adhesive shall be conductive.

5.2.2 Connection

Test electrodes shall be connected to test terminals A and B of the measuring network.

5.3 Configuration

The EQUIPMENT under test (EUT) shall be fully assembled and ready for use in the maximum
configuration; it shall be connected to external signal voltages where applicable, as specified
by the manufacturer for a single EQUIPMENT.

EQUIPMENT which is designed for multiple power sources, only one of which is required at a
time (for example, for backup), shall be tested with only one source connected.

EQUIPMENT requiring power simultaneously from two or more power sources shall be tested
with all power sources connected but with not more than one connection to protective earth.

5.4 Power connections during test
5.4.1 General
NOTE Examples of power distribution systems are given in Annex I.

EQUIPMENT shall be connected in a test configuration as shown in Figure 6 to Figure 14,
according to 5.4.2, 5.4.3 or 5.4.4, as appropriate.

EQUIPMENT committees should consider the possible need for the manufacturer to identify the
power distribution system (TN, TT, IT) to which an EQUIPMENT is intended to be connected in
its final application.

If the EUT is specified by the manufacturer for use only on certain power distribution
systems, the EUT shall be tested only when connected to those systems.

EQUIPMENT to be connected only to TN or TT systems shall comply with 5.4.2. EQUIPMENT to
be connected to IT systems shall comply with 5.4.3 and may also be connected to TN or TT
systems.

For Class 0 and Class Il EQUIPMENT (see |[EC 6114(), the protective conductors in Figure 6
through Figure 14 are ignored.
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Figure 6 — Single-phase equipment on star TN or TT system
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The centre-tapped winding may be one leg of a delta supply.

Figure 7 — Single-phase equipment on centre-earthed TN or TT system
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