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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
TE-001, Safety of Electronic Equipment.

The objective of this Standard is to define methods for measuring electric currents flowing through
the human body or through a protective conductor.

This Standard is identical with, and has been reproduced from, IEC 60990:1999, Methods of
measurement of touch current and protective conductor current.

A reference to an International Standard identified in the Normative References Clause by
strikethrough (example) is replaced by a reference to the Australian or Australian/New Zealand
Standard(s) listed immediately thereafter and identified by shading (example). Where the struck-
through referenced document and the referenced Australian or Australian/New Zealand Standard are
identical, this is indicated in parenthesis after the title of the latter.

In this Standard, the following print types are used:

- requirements proper: in arial type;

- test specifications: in italic type;

— explanatory matter: in smaller arial type.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its identity is shown only on the cover and
title page.

(b) In the source text ‘this standard’ should read ‘this Australian/New Zealand Standard’.
(c) A full point should be substituted for a comma when referring to a decimal marker.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annex to which they apply. A normative annex is an integral part of a Standard, whereas an
informative annex is only for information and guidance.
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Vi

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 prepared under the safety pilot function assigned to TC 74, 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 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

° perception,

o reaction,

° let-go, and

o 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.

* Terms in small capitals are defined in Clause 3.
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Vii

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.

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 (e.g. one finger contact), a different model may be appropriate.

Of the four responses, perception, reaction and let-go 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 perception, reaction and let-go currents
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 required, one in peak value for
electric shock and a second in r.m.s. value for ELECTRIC BURNS.

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,

- compliance with 471.3.3 of IEC 60364-7-707.

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

A bibliography of related documents is given in annex M.

This second edition has been prepared on the basis of comments provided by users of
the first edition.

Principal changes include the following:

- provision of an earthing alternative for testing, in order to accommodate some test
situations;

- provision of a more detailed description of the design and calibration of the
measurement network, thus allowing deletion of component tolerances from the
network diagrams;
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- a minor inaccuracy in one measurement method has been corrected by the
inclusion of an additional calculation;

- the discussion of the physiological effects has been clarified.
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Australian/New Zealand Standard

Methods of measurement of touch current and protective conductor
current

1 Scope

This International Standard defines measurement methods for
- d.c. or a.c. 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 60479-1 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 IEC 60536.

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,

- a.c. in combination with d.c. The use of a single network for a composite indication of
the effects of combined a.c. and d.c. has not been investigated,

- 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.

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 will not apply, unless specifically
referred to or included in the relevant publications.
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2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

References to International Standards that are struck through in this Clause are replaced by
references to equivalent Australian or Australian/New Zealand Standards that are listed
immediately thereafter and identified by shading. Any Australian or Australian/New Zealand
Standard that is identical to the International Standard it replaces is appropriately identified.

IEC 60050(195):1998, International Electrotechnical Vocabulary (IEV) — Chapter 195:
Earthing and protection against electric shock

AS 1852.604:1988, International electrotechnical vocabulary—Generation, transmission and
distribution of electricity—Operation (identical to IEC 60050(604):1987)

AS/NZS 3123, Approval and test specification—Plugs, socket-outlets and couplers for general
industrial application

IEC 60364-4-41:1992, Electrical installations of buildings — Part 4: Protection for safety —
Chapter 41: Protection against electric shock

IEC 60364-7-707:1984, Electrical installations of buildings — Part 7: Requirements for special
installations or locations — Section 707: Earthing requirements for the installation of data
processing equipment

AS 3859, Effects of current passing through the human body

IEC 60536:1976, Classification of electrical and electronic equipment with regard to protection
against electric shock

IEC 60536-2:1992, Classification of electrical and electronic equipment with regard to
protection against electric shock — Part 2: Guidelines to requirements for protection against
electric shock

IEC 61140:1997, Protection against electric shock — Common aspects for installation and
equipment

ISO/IEC Guide 51:1990, Guideline for the inclusion of safety aspects in standards

IEC Guide 104:1997, Guide to the drafting of safety standards and the role of committees with
safety pilot functions and safety group functions
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3 Definitions

For the purpose of this International Standard, the following definitions apply:

3.1

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 [IEV 195-05-21]

3.2
protective conductor current
current which flows in a protective conductor

3.3

equipment

as defined in the relevant equipment standard. If not defined in the relevant equipment
standard, see annex A

3.4

grippable part

part of the equipment which could supply current through the human hand to cause muscular
contraction round the part and an inability to let go. Parts which are intended to be gripped
with the entire hand are assumed to be grippable without further investigation (see annex H)

3.5

electric burn

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

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 figures 6 to 14) shall be used and the main protective
earthing terminal of the EQUIPMENT under test (EUT) earthed. Any capacitive leakage in the
transformer must 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 J.
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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 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 Voltage |
between ‘
lines
N
Supply T
/ \
- \ EUT
PE
\
Point of connection Less than 1 % of
of equipment the voltag_e
to supply between lines
IEC 1075/99
Figure 1 — Example of earthed neutral, direct supply
Test transformer
for isolation
Building T2 | .
installation i
transformer Voltage |
between :
lines
N
Supply T
\ |
- |
PE EUT
|

Point of connection
of equipment
to supply

Less than 1 % of

the voltage
between lines

IEC 1076/99

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

5 Measuring equipment

5.1 Selection of measuring network

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

NOTE — See annexes E, F and G for further explanation of the three networks.
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A Unweighted touch
current
Test terminals = Y (r.m.s. value)
500 "
B Rg U
IEC 1077/99

Rs  1500Q
Rsg 500 Q
Cs 0,22 uF

Figure 3 — Measuring network, unweighted touch current

Weighted touch current
(perception/reaction)

= 500 (peak value)

R
Test terminals

1
— 1
B RB U1 C1 U2

1

IEC 1078/99
Rs 1500 Q Ry 10000 Q
Rs 500 ©Q Ci 0,022 uF
Cs 0,22 uF

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

Weighted touch current

(let-go)
A U3
= 500 (peak value)
Test terminals . . ‘
L T
B R L
] RB U1 ﬂ CS U3
L . T
IEC 1079/99
Rs 1500Q Rs 20000 Q
R 500 Q C, 0,0062 uF
Cs 0,22 uF Cs 0,0091 uF

R: 10000 Q2

NOTE - Use of this network is subject to special conditions (see 5.1.2).

Figure 5 — Measuring network, touch current weighted for let-go

5.1.1 Perception and reaction (a.c.)
The network of figure 4 shall be used.
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5.1.2 Let-go (a.c.)

The network of figure 5 shall be used, but only if inability to let go is a significant
consideration, i.e. if all of the following conditions are met:

- the available current is a.c. and the limit value in the product standard is more than
2,0 mA r.m.s. or 2,8 mA peak;

- the EQUIPMENT has a GRIPPABLE PART;

- it is anticipated that it would be difficult to let go of the GRIPPABLE PART due to current
flow through the hand and the arm (see E.3 and annex H for further information).

Otherwise, the network of figure 4 shall be used.

5.1.3 Electric burn (a.c.)

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

5.1.4 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.

5.2 Test electrodes
5.2.1 Construction
Unless otherwise specified in the EQUIPMENT standard, the test electrodes shall be

— a test clip, 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 (e.g. 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

NOTE — Examples of power distribution systems are given in annex J.
5.4.1 General

EQUIPMENT shall be connected as shown in figures 6 to 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.
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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 IEC 60536-2), the protective conductors in figures 6

through 14 are ignored.
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Figure 6 — Test configuration: single-phase equipment on star TN or TT system
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NOTE - The centre-tapped winding may be one leg of a delta supply.

Figure 7 — Test configuration: single-phase equipment on centre-earthed TN or TT system
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