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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
inte ppational-co-operation-on

committees (IEC National

Committees).

The object of IEC is to promote

this ed ad i addiio t ohetiitis,l pulie Ineraional Sard, Tecnical pecifi ations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred«to~ds “IEC

Publjication(s)”). Their preparation is entrusted to technical committees; any IEC National Committe€&’ inf{
in the subject dealt with may participate in this preparatory work. International, governmental af
governmental organizations liaising with the IEC also participate in this preparation. IEC_cellaborates
withl the International Organization for Standardization (ISO) in accordance with conditions determ
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly as\possible, an inter
congensus of opinion on the relevant subjects since each technical committee-has representation
intefested IEC National Committees.

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

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
transparently to the maximum extent possible in their natiohal and regional publications. Any div
between any IEC Publication and the corresponding national or regional publication shall be clearly indi
the Jatter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide co
assessment services and, in some areas, access tonJEC marks of conformity. IEC is not responsible
ser\ices carried out by independent certification bodies.

6) Al

7) No |iability shall attach to IEC or its directors, employees, servants or agents including individual expe
members of its technical committees and(IEC National Committees for any personal injury, property dai
othgr damage of any nature whatsegver, whether direct or indirect, or for costs (including legal fe
expgenses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
Publjications.

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

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publicg
indigpensable for the correct\application of this publication.

9) Attgntion is drawn to the_possibility that some of the elements of this IEC Publication may be the su
patgnt rights. IEC shall_not be held responsible for identifying any or all such patent rights.

This redline _version of the official IEC Standard allows the user to identify the ch
made|to the-previous edition. A vertical bar appears in the margin wherever a ¢
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National
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for any
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for any
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has bren made. Additions are in green text, deletions are in strikethrough red text
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International Standard IEC 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;

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

— thg references to 1ISO 10012-1, which has been replaced by management standard |of the
safmme number, have been replaced with explanatory text, where needed to-maintdin the
sepse of the document;

— fonmer informative Annex H (GRIPPABLE PART) has been deleted from-this update as it does
not properly represent the full set of conditions under which imm@obilization can occur. A
new informative Annex H (Analysis of frequency filtered\touch current dircuits
mgasurement) has been added;

— theg Bibliography (formerly Annex M) has been updated 4with additional referencps for
completeness.

It has|the status of a basic safety publication in accordance with IEC Guide 104.

The tgxt 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 regort 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;
— cofmpliance statements and test specifications: in italic type;
— noles/explanatory matter: in smaller roman type;

— nofmative conditions within tables: in smaller roman type;

— teqmsidefined 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-piet function assigned to TC 74
(now TC 108), as follows:

Methods of measuring leakage current

This inpcludes, for various types of EQUIPMENT, all aspects of what is referred to as "lejakage
current", including methods of measurement of current with regard to physiological ¢ffects
and fqgr installation purposes, under normal conditions and under certaip.fault conditions.

The methods of measurement of leakage current described hereifryesult from the revjew of
IEC T 60479-1 and other publications, including descriptions of earlier methdds of
measyrement.

The fdllowing 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 necessarilysequal to the current flowing thropgh a
protective conductor);

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

e | perception,
o | startle-reaction,
¢ | letgo-immobilization, and

e | ELECTRIC BURN.

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

Two types_of current have been identified as needing separate measuring methods: foucH
CURRENT@Nd 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

*

T ; ; fined. i 3
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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 (for example,—ene small, finger contact), a different model may be
appropriate but is not covered here.

Of thg four responses,—perception startle-reaction and letgo-immobilization are related [to the
peak palue of TOUCH CURRENT and vary with frequency. Traditionally, concerns fer electric
shock| have dealt with sinusoidal waveforms, for which r.m.s. measureménis are| most
convepient. Peak measurements are more appropriate for non-sinusoidal waveforms where
significant values of TOUCH CURRENT are expected, but are equally suitable for sinusoidal
wavefprms. The networks specified for the measurement of-perceptigr startle-reactign and
let-goteurrents letgo-immobilization are frequency-responsive and are€.$0 weighted that|single
limit ppwer-frequency values can be specified and referenced.

ELECTRIC BURNS, however, are related to the r.m.s. value of TOUCH CURRENT, and are relgatively
indepgndent of frequency. For EQUIPMENT where ELECTRIGIBURNS may be of concerp (see
7.2), fwo separate measurements are-required made, one in peak value for electric [shock
and a|second in r.m.s. value for ELECTRIC BURNS each_dsjng the appropriate test circuit.

EQUIPMENT committees should decide which physielogical effects are acceptable and|which
are ndt, and then decide on limit values of current. Committees for certain types of EQUIPMENT
may gdopt 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.

Measyrement of PROTECTIVE CONDUCFOR CURRENT

In cerfain cases, measurement.of the PROTECTIVE CONDUCTOR CURRENT of EQUIPMENT [under
normgl operating conditions is_fequired. Such cases include:

— selection of a residuat-current protection device,

— delerminationwhen a high integrity protective earth circuit is required,

— prévent exXcessive PROTECTIVE CONDUCTOR CURRENT overload in the electrical installdtion.

The PAROTECTIVE CONDUCTOR CURRENT is measured by inserting an ammeter of negligible
impedgnge 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.
human body, and
— cufrent flowing through a protective conductor.
The measuring methods recommended for TOUCH CURRENT are based upon the pgssible
effects of current flowing through a human body. In this standard, measurements of qurrent
through networks representing the impedance of the human body(Care referred |to as
measyrements 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 stapdard.
IEC TP 60479-1 series provides information regarding the éffects of current passing through
the huyman body from which limit values may be derived.
This standard is applicable to all classes of EQUIPMENT, according to IEC-606536 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.¢. at frequencies below 15 Hzy,and
ad in combinationwith- d e e uce of 3 sinale network for s compnosite_indicationlof the
a-¢—in-combination-with-d-c- ke use-of a-single-networkfor acomposite-indicationfof-the
— cufrents above those ehosen for ELECTRIC BURN limits.
This basic safety publication is primarily intended for use by technical committees |in the
ation of standards in accordance with the principles laid down in IEC Guide 104 and

prepa
ISO/IH

C Guide 5% It is not intended for use by manufacturers or certification bodies
indepg¢ndent of‘product standards.

One (1f 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-wilnet only apply;—urless when

specif

ically 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.
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the following terms and definitions apply.

For the purposes of this document,

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

195-05-21]

-195:1998,

IEC 60050

‘ [SOURCE:

3.2

PROTECTIVE CONDUCTOR CURRENT
current which flows in a protective conductor
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3.3
EQUIPMENT

Shomderd oo o ann et
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.

34

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

Note 1 fo entry: Parts which are intended to be gripped with the entire hand are assumed to be grippable|without

further |nvestigation(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

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

4 Test site

4.1 Test site environment

Test dite environmental requirements shall be~as specified in the EQUIPMENT standard. |f limit
valueg of less than 70 pA r.m.s. or 100 uA peak are specified, or if the EQUIPMENT contains
large ghields which may be driven by high=frequency signals, product committees shal| refer
to Anrnjex B.

4.2 |Test transformer

The uge of a test transformer+for isolation is optional. For maximum safety, a test transformer
for isglation (T2 in Figure'2, T in Figure 6 to Figure 14) shall be used and the main profective
earthing terminal of the EQUIPMENT under test (EUT) earthed. Any capacitive leakage [in the
transfprmer-must shallythen 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 cage the
capacijtive leakagein the test transformer need not be taken into account.

If trangformer T is not used, the EUT shall be mounted on an insulating stand and apprgpriate
safety| preécautions 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 I.

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.
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Alternatively, if the voltage difference is 1 % or more, the following are examples of methods

wh

ich, 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 \ HT
transformer Voltage |
between | LH
lines N
5 T1
Supply
| \
\ BUT
PE
>
|
= Point of connection Less than 1 % of
of equipment the voltage
to supply between lines
EC
Figure 1 — Example of earthed neutral, direct supply
Test transformer
for isolation
Building T2 \ L
installation ‘
transformer Voltage |
between ‘
lines
N
Supply ™
\
- |
PE EUT
\
@ Point of connection Less than 1 % of
of equipment the voltagg
to supply between lines
IEC

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

5 Measuring equipment

5.1

5.1

Selection of measuring network

A 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.
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Unweighted touch

current
Test terminals _ Yy
500 (r.m.s. value)
B
RB U1
IEC
Rg 1500 Q
Rg 500 Q
Cg 0,22 uF

Figure 3 — Measuring network, unweighted touch current

Weighted touch current
(perception or startle-reaction)

Y,
= —= (peak value)

500

R

Test terminals

!—1\ .
Lo L
B .
Re i ¢, Y,
' 1
‘ IEC

Rg 1500 Q R4 10 000 ©
Rg 500 O Cy 0,022 pF
Cs 0,22 uF

Figure 4 — Measuring network, touch current weighted for perception or startle-reaction
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Weighted touch current
(letgo-immobilization)

Uy
= 500 (peak value)

Y

R,
1
“ | I
B R 1
i RB m U1 3 — Cs U3
I C2

IEC

Rg 1500 Q Ry
Rg 500 O C,
Cs 0,22 pF Cy
R, 10 000 Q

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

m

5.1.2 Perception and startle-reaction-{a.¢-)}

igure 5 — Measuring network, touch current weightedfor letgo-immobilizatio

20 000 O
0,006 2 pF
0,009 1 uF

=]

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

5.1.3 Letgo-immobilization{a-e-)

thi
Otherfi

The nptwork\of Figure 5 shall be used for higher level electric shock limits. This circult is to
be applied-where the a.c. limit value in the product standard is more than 2 mA r.nr.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.
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5.2

5.2.1

Test electrodes

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

us

5.2.2

Test dlectrodes shall be connecied to fest terminals A and B of the measuring network.

5.3

The E
config

by thel manufacturer for a single EQUIPMENT.

EQUIPMENT which is designed for multiple power sources, only ane’of which is require
time (for example, for backup), shall be tested with only one sourcé connected.

EQUIPMENT requiring power simultaneously from two or maére power sources shall be

with a

5.4

5.4.1

NOTE

EQUIPMENT shall be connected in a_test configuration as shown in Figure 6 to Figu
accordling to 5.4.2, 5.4.3 or 5.4.4, as‘appropriate.

EQUIPMENT committees should ¢onsider the possible need for the manufacturer to ident
power] distribution system (TN, TT, IT) to which an EQUIPMENT is intended to be conneg
its final application.

If the

EQUIPMENT-to"be connected only to TN or TT systems shall comply with 5.4.2. EQUIPM

be co

systems.

ed, the adhesive shall be conductive.

Connection

Configuration

DUIPMENT under test (EUT) shall be fully assembled and ready for us&’in'the ma
uration; it shall be connected to external signal voltages where applicable, as sps

| power sources connected but with not more thangne connection to protective e

Power connections during test

General

Examples of power distribution systems are_given in Annex I.

nected to IT systems shall comply with 5.4.3 and may also be connected to TN

imum
pcified

d at a

tested
arth.

re 14,

fy the
ted in

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

ENT to
or TT

For Class 0 and Class Il EQUIPMENT (see IEC-60536-2 61140), the protective conductors in
Figure 6 through Figure 14 are ignored.
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Point of connection

_ to supply
T (polar‘l)tL |

L

\
\
Supply |

n N
o—t |>—?7
(neutral fault)

(earthing conductor | EUT

fault) | PE
A € :

|

— { 3
B\ A
Measuring network
IEC

-m

gure 6 —Testconfiguration: Single-phase equipment on star TNrJTT system

Point of connection
to supply

(polarity)
p—
T+ ¢
\
\
!
\
\
\

Supply

L

o—t T
(line faulf) |
K N
(hedtral fault)

\

(earthing conductor \
fault) PE
e

EUT

g n f
B\ A

Measuring network

IEC

NOTE The centre-tapped winding may be one leg of a delta supply.

Fiqure 7 —Test-configuration: Single-phase equipment on centre-earthed TN or|TT
system
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Point of connection
to supply
L

|
ot

(line fault)

\
\
\
N
Supply T !
Lo
(earthing conductor \
PE EUT

gh N i
B/ A

Measuring network

IEC

Figuyre 8 —TFestconfiguration: Single-phase equipment connected line-to-line on|star
TN or TT system

Rointof connection

{o,supply
(Polargy) n
\
\
T !
Supply ‘
\
LN =
g (neutral fault) \
(phase to |
earth selector) 1000 Q (earthing conductor
fault) e ‘ PE | EUT
L an f
B\ A

Measuring network IEC

NOTE The 1 000 Q resistor should be rated for supply system faults.

Figure 9 —Test configuration: Single-phase equipment connected line-to-neutral on star
IT system
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Point of connection
to supply

NP

(line fault) :
T ]

\
\
| L
\
\

Supply

o—t

1000 Q (earthing conductor
g9 fault)
(phase to ]
earth selector) ' e

gk - !
B\ A

Measuring network JEC

PE | EUT

NOTE The 1 000 Q resistor should be rated for supply system faults.

Figufe 10 —TFestconfiguration: Single-phase equipment connected)line-to-line on star

IT system
Point\of connection
to'supply
ot L — 1
(line faulty |
\
1 L
I
Supply T M :
o L
I
\
(neutral fault)O% . N
(earthing conductor fault) | PE EUT
e \
- B\ A

Measuring network
IECI

Figure 11 -

: Three-phase equipment on star TN or TT system
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NOTE T

Point of connection

to supply
| L
ot I
(line fault) |
\
T St L —
Supply \A»k !
\
| 1L
' o1 [
\
(phase to 9\ | _ _ _(neutralfault) n =~ ﬂﬂ [ I
earth selector) L
1000 Q U !
: \
] (earthing conductor fault) PE | EUT
e
- B\ A
Measuring network IEC

he 1 000 Q resistor should be rated for supply system faults.

Figure 12 — ion: Three-phase equipment on star IT system
Point of connection
to supply
\
O'% LL I
(line fault) \
\
T Ol/r LL
Supply [
| | L
ot & I
| |
(phase to g . (earthing conductor fault) \ PE EUT
earth-selector) e 7 f
B\ A

Measuring network
IEC

Figure 13 — i ion: Unearthed delta system
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Point of connection
to supply

(P

| NOTE
earthed

(line fault) \
T \

ol/r LL
Supply |

| | L

? I
|
(centre tap to g}) (earthing conductor fault) l'pE EUT

) i

earth selector , o
@ = ;
B\ A

Measuring network
IEC

Where an EQUIPMENT contains both a three-phase load and a centre-earthéd-single-phase load,
side is identified, switch g shall remain in the position identified as the eafrthed side.

Figure 14 —Testconfiguration: Three-phase equipment on.centre-earthed delta sy

5.4.2

Three
with e
of an

opera
systern

5.4.3

Three
syster
specif]
Figurg

5.4.4

Single
(see H

Equipment for use only on TN or TT star power distribution systems

phase EQUIPMENT shall be connected to a three-phase star power distribution s)
arthed neutral. Single-phase EQUIPMENT shall\be connected between phase and 1
earthed neutral power distribution system“or, where specified by the manufacty

h (see Figure 6, Figure 8 and Figure 11).

systems

phase EQUIPMENT shall-be”connected to an appropriate three-phase IT power
. Single-phase EQUIPMENT shall be connected between phase and neutral or,
ed by the manufacturer to operate in such a manner, line-to-line (see Fig
10, Figure 12 andyFigure 13).

Equipment-for use on single-phase centre-earthed power supply systems
centre=earthed delta power supply systems

-phase. EQUIPMENT shall be connected to a supply having its centre tap e
igure”7 and Figure 14).

And the

stem

stem,

eutral
rer to

e in such a manner, line-to-line on a centre-earthed three-phase star power distripution

Equipment for use on IT power distribution systems including unearthed delta

supply
where
ire 9,

or on

arthed

Three-phase EQUIPMENT shall be connected to the appropriate delta supply (see Figure 14).

5.5
5.5.1

Supply voltage and frequency

Supply voltage

Supply voltage shall be measured at the EQUIPMENT supply terminals.

worst

case operating condition.

Traditionally, TOUCH CURRENT was at its maximum at the highest supply voltage. Modern
electronic power supplies will not always provide maximum TOUCH CURRENT under this supply
condition. TOUCH CURRRENT may be maximized at the lowest voltage, i.e. maximum current
draw, or under some other condition. Electric shock protection shall be provided under the
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EQUIPMENT rated for a single voltage shall be tested at its rated voltage plus an appropriate
working tolerance to allow for supply variations.

EQUIPMENT rated for a nominal voltage range shall be tested at the-highest extremes of the
voltage-in—that range, plus an appropriate working tolerance to allow for supply variations.
The working tolerance is determined by the EQUIPMENT committee or by the manufacturer if
necessary (for example, 0 %, -10 %/+6 % or +10 %).

EQUIPMENT rated for different nominal voltages or voltage ranges, using a voltage selector,
shall be set for the highest nominal voltage or voltage range and then treated as above.
Where voltage selection involves more complex switching than a rearrangement of
transformerwindings, additiomattests ay be ecessary to determine the worst Tase:

If it is|inconvenient to test EQUIPMENT at the specified voltage, it is permitted to test'it pt any
availaple voltage within the rating of the EQUIPMENT and then calculate the resulis.

5.5.2 Supply frequency

Supply frequency shall be the maximum rated nominal frequency, or alterngtively,
measyrements may be corrected by calculation for estimation of the"worst case current,

6 Test procedure

6.1 General
6.1.1 Touch current measurements

EQUPIHENT Product committees may wish to exclude measurement of TOUCH CURRENT afl some
accesgible parts, based upon the principle of‘limitation of voltage (see IEC 60364-4-41)| If so,
measyrements shall be made for accessible voltage and then, if required, for weighted or
unweighted TOUCH CURRENT according-tfo-Clause 6.

Concgrn for ELECTRIC BURN effects- may arise with d.c. or at high frequencies (for example,
above| 30 kHz for 3,5 mA TOUGH CURRENT). At lower frequencies, startle-reaction and|letgo-
immolilization will be the ,deminant considerations. Where there is such a concerp, the
unweighted r.m.s. value Yof ‘'TOUCH CURRENT shall be measured (Figure 3), in additjon to
measuyrement for either~perception—or startle-reaction (Figure 4), or-ability inability to [let go
(Figurg 5).

6.1.2 Control(switches, equipment and supply conditions

During TOQUCH CURRENT measurements, the test environment, configuration, earthing and
supply system shall be according to 5.3, 5.4 and 5.5.

In order to maximize the current values during measurements, the configuration shall be
varied by connection and disconnection of units that are part of the EQUIPMENT, as permitted
by the manufacturer's operating and installation instructions.

Control switches e, g, |, n and p in Figure 6 to Figure 14 shall be manipulated as described in
6.2, while the conditions listed in this subclause and 6.2.1 are independently varied so as to
g|ve the maximum measured value or values %MH%M@{WHHM%@#

A M NF Product
commlttees shaII make an approprlate selectlon of these varlables Recent addition of
ABNORMAL OPERATION as an operating condition in product standards as related to the
electrical installation (e.g. the loss of PE or the inability to ensure polarity of supply) clarifies
the test conditions under NORMAL operation and FAULT CONDITIONS to then be applied.
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6.1.3 Use of measuring networks

Appropriate measuring electrodes (see 5.2), measuring network (see 5.1) and measuring
device (see G.4) shall be used in accordance with the appropriate systems of Figure 6 to
Figure 14 (see 5.4) to make measurements of TOUCH CURRENT between simultaneously
accessible parts, and between accessible parts and earth.

The terminal A electrode shall be applied to each accessible part in turn.

For each application of the terminal A electrode, the terminal B electrode shall be applied to
earth, then applied to each of the other accessible parts in turn.

For ppwer systems with an earthed power conductor, the terminal B electrode mLy be
connected directly to the earthed power conductor at the interface of the EUT and-the [power
supply, instead of being connected to the protective conductor. This connection-may be used
even though the voltage difference between the protective conductor and the ‘earthed power
condugtor is more than 1 % of the line-to-line voltage (see 4.2).

6.2 |Normal and fault conditions of equipment
6.2.1 Normal operation of equipment

The tgst is carried out with terminal A of the measuring network connected to each unearthed
or conductive accessible part and circuit in turn, with all test'switches |, n and e closed.

Measurements shall be made in all applicable conditiens of normal operation.

Examples of normal operation include mains switch on, mains switch off, standby, start-up,
heating and any setting of operator controls €xcept supply-voltage-setting controls.

Singlg-phase EQUIPMENT shall be tested:ify normal and reverse polarity (switch p).

Threetphase EQUIPMENT shall be.tested with phase reversals, unless EQUIPMENT operation is
depenldent on phasing.

6.2.2 Equipment and supply fault conditions
6.2.2. General

For EQUIPMENT having no connection to earth, 6.2.2 does not apply.

For EQUIPMENT having a protective earthing connection or a functional earthing conngction,
terminaldA-of the measuring—instrument network is connected to the EQUIPMENT eagrthing
terminalof the EUT

Measurements shall be made with each of the applicable fault conditions specified in 6.2.2.2
to 6.2.2.9. The faults shall be applied one at a time, but shall include any faults which are a
logical result of the first fault. Before applying any fault, the EQUIPMENT shall be restored to its
original condition (for example, without faults or consequential damage).

Where a balanced line filter is used on three-phase EQUIPMENT, the net current to earth is
theoretically zero. However, it is normal for component and voltage unbalance to produce a
finite value of net current, the maximum value of which may not be measured during type
testing. Larger unbalanced currents will result from a failed capacitor in one phase.
EQUIPMENT committees should consider including a test for such EQUIPMENT, involving the
substitution of a deliberately faulted filter (one capacitor removed), together with a loss of
protective earth connection (see 6.2.2.2).
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Similar considerations apply to a balanced arrangement of other components, such as surge
arrestors, connected between mains and earth.

Three-phase EQUIPMENT shall be tested with phase reversals unless EQUIPMENT operation is
dependent on phasing.

6.2.2.2 Fault condition No. 1

Depending on the kind of EQUIPMENT, several safety degrees of the protective conductor are
to be distinguished (see IEC 61140).

earth

earth

of this
ich is
are of

6.2.2.3 Fault condition No. 2

Singlg-phase EQUIPMENT shall be tested with neutral open (switch n), with earth intact gnd in
normdl polarity, and again in reverse polarity (switch p).

6.2.2.4 Fault condition No. 3

EQUIPMENT for use on IT systems shall b€ tested with each phase conductor faulted to|earth,
one af a time (switch g).

6.2.2.9 Fault condition No. 4

Threetphase EQUIPMENT shall be tested with each phase conductor open, one at a time
(switches I).

6.2.2.6 Fault condition No. 5

Singld-phase EQUIPMENT for use on IT power systems or on three-phase delta systems shall
be tegted with.a three-phase power system, with each phase faulted to earth, one at a time
(switch g),.ih combination with normal and reverse polarity (switch p) and separately with
each phase conductor open one at a time (switches I), and in combination with normal and
reverse polarity (switch p).

6.2.2.7 Fault condition No. 6

Three-phase EQUIPMENT for use on centre-earthed delta supply systems shall be tested on a
delta supply system with each delta-leg centre-earthed, one at a time (switch g).

EQUIPMENT containing both three-phase and centre-earthed circuits which cannot be installed
independently and which have an identified earthed leg shall be tested with switch g on the
identified earth-leg position only.
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6.2.2.8 Fault condition No. 7

Other faults as specified by the-EQuirMENT product committee shall be simulated if they are
likely to increase TOUCH CURRENT.

6.2.2.9 Fault condition No. 8

Accessible conductive parts which are only incidentally electrically connected to other parts
shall be tested both when connected electrically to the other part(s) and when disconnected
electrically from the other part(s). See Annex C regarding incidentally connected parts.

7 Eyaluation of results

7.1 |Perception, startle-reaction and letgo-immobilization

Voltades U, and Uj of Figure 4 and Figure 5 are frequency-weighted values of U4, sugh that
a sindle, low-frequency equivalent indication of TOUCH CURRENT results for all frequéncies
present above 15 Hz. These weighted values of TOUCH CURRENT areCtaken as the hfighest
valueg of Uy and U measured during the procedure of Clause 6;\divided by 500 €. The
maximum values are compared with the limits for perception or ‘startle-reaction and [letgo-
immolilization specified for the EQUIPMENT (for example, a 50 HZ or 60 Hz limit value).

Measyrements for d.c. limits are made in a like manner, but taken as U4 divided by [500 Q
(see glso Annex G).

7.2 Electric burn

Wherg there is concern for ELECTRIC BURN effects (see 6.1), the unweighted r.m.s. ¢r d.c.
value pf TOUCH CURRENT is measured. This is.ealculated from the r.m.s. voltage U4, measured
across the 500 Q resistor of the measuringinetwork of Figure 3.

The effect of TOUCH CURRENT is alsorelated to the area of contact with the human body and
the ddration of contact. The relationship between these parameters and the establishment of
TOUCH CURRENT limits are not insthe scope of this standard (see also Clause D.3).

NOTE HLECTRIC BURNS result from the power dissipated as current flows through the resistance of the human skin
and bogly. Other forms of butn=may can result from electrical EQUIPMENT, for example due to arcing or [the by-
producfs of arcing.

8 Measurement of protective conductor current

8.1 General

Current requirements and values for protective conductors are not related to TOUCH CURRENT
concerns and, therefore, such limits and methods of measurement are dealt with separately.

8.2 Multiple equipment

Within any shared earthing system, the PROTECTIVE CONDUCTOR CURRENTS of individual
EQUIPMENT combine in a non-arithmetic manner. Therefore, THE PROTECTIVE CONDUCTOR
CURRENT of a group OF EQUIPMENT earthed by a single protective earthing conductor cannot
be reliably predicted from knowledge of individual EQUIPMENT PROTECTIVE CONDUCTOR
CURRENTS. Consequently, measurements made on individual EQUIPMENT are of limited use,
and the PROTECTIVE CONDUCTOR CURRENT for that group of EQUIPMENT shall be measured in
the shared protective earthing conductor.
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8.3 Measuring method

The installation PROTECTIVE CONDUCTOR CURRENT shall be measured after installation by
inserting an ammeter of negligible impedance (for example, 0,5 Q) in series with the
protective conductor. Measurement of PROTECTIVE CONDUCTOR CURRENT is made with the
EQUIPMENT and power distribution system running in all normal operating modes.
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Annex A
(normative)

Equipment

Unless otherwise defined in the EQUIPMENT standard, an EQUIPMENT is identified as having a
single connection to a supply of electricity.

An EQUIPMENT may be a single unit or may consist of physically separate, electrically
interconnected units (see Figure A.1). The source of electricity may be contained within the

ACNT (for A

alar o battary, novvaor)
A4

EQUIPI

The cpnnection of signal cables shall be considered as part of the EQUIPMENT, in(accon
4.

with 5

xampla—co
e T O CXoPTeT SOt O ooty poOweT)~

One unit, one equipment Three units; three pieces of equipment

Unit | Equipment

dance

Key

IEC

Supply connection compatible with local supply
Supply connection not designed to be connected directly to local supply

Other connections

Figure A.1 — Equipment
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Annex B
(normative)

Use of a conductive plane

Where limits for TOUCH CURRENT (with or without frequency weighting) less than 70 pA r.m.s.
or 100 pA peak are specified, or where an EQUIPMENT is tested that has large capacitive
coupling to outer surfaces which may be driven at high frequencies (for example, high-
frequency signal generators and voltage measuring instruments), it is appropriate to measure
the current which is coupled capacitively into a conductive surface placed beneath or against
a surface of the EQUIPMENT _|f the EQUIPMENT is to he tested in this manner it shall be placed

on a conductive plane which is in turn placed on an insulating surface (see Figure B.1).

The cpnductive plane shall be equal to or greater than the adjacent EQUIPMENT" surface in
area gnd perimeter.

Measdyrements shall be according to Clause 6, with the conductiveyplane tested ps an
accessible part.

The measurements shall be repeated with the conductive plane placed against any| other
surfade of the EQUIPMENT which may become adjacent to an outside conductive plane.

For pUrposes of isolation from electromagnetic interference, it may be necessary to plage the
EQUIPMENT (including the conductive plane, if used)_0,;8’m or more from other conducfors or
EQUIPMENT.

Equipment
under test

Insulating surtace

Conductive plane

I

Figure B.1 — Equipment platform

IEC
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Annex C
(normative)

Incidentally connected parts

Incidentally connected parts are accessible conductive parts which are neither reliably

conne

cted to, nor positively isolated from, earth or any specified voltage.

Examples of incidentally connected parts include

— do

ors and assemblies attached bv metal hinaes
J ~ T

- ad
foi

- pa
— CO

Some
effecti
isolate
the hi
order
worst
the ot

hesively-bonded labels which have an accessible conductive part (for example,
)!

rts which are attached to painted or anodised surfaces,

htrol handles.

vely connected to earth or to another circuit. In other samples, the same part n
d from earth and other circuits. Since, in general, it is not clear which case will pr

fo find the worst case. However, where the predominant frequency is below 100 H
case is most likely to be that in which the incidentally connected part is conned
her parts.

metal

production samples of the EQUIPMENT may have an incidentally connected part

ay be
oduce

jher TOUCH CURRENT, 6.2.2 requires TOUCH CURRENT to e measured for both cases in

z, the
ted to
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Annex D
(informative)

Choice of current limits

D.1 General

When drafting the procedures specified in this standard, certain assumptions were made
about the current limits which-equtPMENT product committees would use. This was necessary
in order to select the appropriate data from IEC TS 60479-1 for design of the measuring
networks in Figure 3, Figure 4 and Figure 5.

Thesel assumptions were based on earlier IEC publications. Current values-given in this
annex| are examples only. They are given below for the assistance of-EQWPMENT pfoduct
commjttees when selecting current limits.

D.2 |Limit examples

D.2.1 Ventricular fibrillation

No limit assumed.

It is apsumed that the limits chosen for TOUCH CURRENTS will be well below the thresheold for
ventrig¢ular fibrillation.

D.2.2 Inability to letgo-immobilization

The method of measurement is specified inthis standard.

IEC TP 60479-1 assumes 10 mA ram.s. as the approximate average threshold level of|letgo-
immobilization current, whereas §.mA r.m.s. as proposed for IEC TS 60479-1, would ipclude
the entire adult population. See Figure F.3 for the effects of frequency.

D.2.3 Startle-reaction

The method of meas(rement is specified in this standard.

The sfartle-reaction threshold given in IEC TS 60479-1 is approximately 0,5 mA r.m.s. for low
frequgncies. Various limits are in use between the thresholds for startle-reaction and|letgo-
immobilization.

D.2.4 — Perception threshold

TOUCH CURRENT can be perceived at levels as low as a few microamperes. Unless the current
is high enough to produce involuntary startle-reaction that might result in harmful effects,
these small touch currents are not considered hazardous and not usually measured by these
methods.

D.2.5 Special applications

The method of measurement specified in this standard can be used, unless otherwise
specified in the applicable standard for the particular product.

0,25 mA r.m.s. (one half of the startle-reaction threshold) is used for Class |l EQUIPMENT in
product standards such as IEC 60065, IEC 60335-1, IEC 60950-1 and IEC 62368-1. See
Figure F.2 for frequency effects.
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Limits lower than 0,25 mA r.m.s. are specified for some medical applications. For such
applications the method of measurement in this standard may not provide an—accurate
appropriate body impedance model (see Clause E.1).

D.3 Choice of limits

Consideration should be given to the need to specify different limits for (1) normal operating
conditions and (2) fault conditions.

See |IEC TS 60479-1 series for guidance on the effects of current passing through the human
body.

Limits|are normally expressed in terms of maximum values of d.c. and a.c. at frequenhcjes up
to 10Q Hz. The methods of measurement specified in this standard are the same for|letgo-
immobilization, startle-reaction and some special applications. Measuring networks take into
accoupt the effect of higher-frequency current on the body and simulaté|lowering of body
impedgnce as frequency increases. Letgo-immobilization, startle-reactjon)and perceptipn are
determined by peak values of current, weighted for frequency. FOf)ELECTRIC BURN, [r.m.s.
valueg are significant. For the scope of this standard, the effects-0f) frequency on ELECTRIC
BURNSY are negligible, since the predominant effect at low frequency is startle-reactjon or
letgo-immobilization.

Limits| based upon ventricular fibrillation (see D.2.1) arg,not necessary for most EQUIRMENT,
since |the lower TOUCH CURRENT limits for startle-reaction or letgo-immobilization almost
always prevent ventricular fibrillation. An exception_(discussed in IEC TS 60479-1) is where a
short-guration current impulse can flow through the body (too short an impulse to |cause
inabilify to let go), and startle-reaction from the current impulse is not considered hazargous.

Eor ¢
oG

Inability to let-go has traditionally focused on GRIPPABLE PARTS but this is now understpod to
be a gimplistic view. Under this_condition the highest limit value for continuous current|is the
same | as letgo-immobilizatighN(see D.2.2), except for consideration of ELECTRIC |[BURN.
Howeyer, ELECTRIC BURN only becomes the predominant factor at high frequencies.-Bgtween
thelithitsforreaction—and-let-go In the range of the limits for startle-reaction and |letgo-
immobhilization, there may be a secondary safety hazard due to surprise or involuntary muscle
reaction, but no directinjury is expected due to current through the body. Such a currengt may

be copsidered aceeptable under single fault conditions-{e-g—a-defective-earthing-conneftion),

if so product cohimittees should specifically provide an exemption.

For short-duration current, a limit value higher than that for letgo-immobilization is som¢times
used, | provided that it is sufficiently below the ventricular fibrillation and ELECTRIC| BURN
threshotd- The network of |-|gure F 3-ShoUIe-beU5e0-1OF SUCH MeaSUreTRO TS OR3-S ifi

i A might be specified
by product committees for such a.c. measurements Where smaII area contact is expected.

The-perceptiont startle-reaction network of Figure 4 should be used for measurements where

the startle-reaction limit is used—untila—specificbody—impedance—model forsmallarea
contacts-is-developed{future-work) for small area contact.

It is understood that the limit values for low-frequency TOUCH CURRENT in other IEC
publications are based upon the following considerations.

— Limits for startle-reaction and lower limits:

e need to avoid involuntary startle-reaction, where severe consequences may result (for
example, falling from a ladder or dropping EQUIPMENT);
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the limit for startle-reaction is generally 0,5 mA r.m.s. or 0,7 mA peak for a sinu
current;

a limit lower than 0,25 mA r.m.s. (0,35 mA peak) is indicated where the u
particularly sensitive or at risk due to environmental or biological reasons.

— Let-go-limit Letgo-immobilization:

perception startle and some reaction are acceptable as an indication of a first fault,

Certai
dimini
limits

D.4

There

BURNY in all cases. Other parameters, such as the_area of contact with the human bog
the dyration of contact, are known to be relevant. The relationship between these paran
needs| further study. When safe limits are established, they may be in terms of two or m

these

The method of measurement of TOUCH-CURRENT for consideration of ELECTRIC BURN eff¢
specifled in this standard (see 7.2).

The fqgllowing limit has been usedin an IEC standard:

- IE

It is rgported that skin burns begin to occur at current densities of about 300 mA r.m.s./
400 mA r.m.s./cm2 (Becker, Malhotra and Hedley-Whyte).

Analy

frequgncy wherfe ELECTRIC BURN exceeds letgo-immobilization and product require
reflect the need for making the correct measurement to provide the proper protgction.
IEC 62368~1 reflects one approach to defining such a requirement.

shoulg

when the letgo-immobilization limit is applied;

soidal |

ser is

men and women are estimated to have an average letgo-immobilization threshold of

16 mA r.m.s. and 10,5 mA r.m.s. respectively;

women have been reported as 9 mAr.m.s. and 6 mA r.m.s. respectively,~arn
threshold values for children are expected to be lower;

certain single fault conditions may justify letgo-immobilization limitsi\Owith {
reaction limits applying for normal (non-fault) conditions.

h EQUIPMENT types may have high initial TOUCH CURRENT when first.switched on,
shes rapidly as EQUIPMENT is operated. This is normally ignored-in setting EQuI
when specified by the product committee.

Electric burn effects of touch current

is no generally accepted limit value of TOUCH{CURRENT which will prevent ELE

parameters.

C 61010-1: 500 mA r.m.s" (under fault conditions).

bis of cedrditions leading to ELECTRIC BURN has shown that there is a cro

n and
d the

tartle-

which
PMENT

ECTRIC
y and
heters
ore of

pcts is

cm2 to

Esover
ments
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Annex E
(informative)

Networks for use in measurement of touch current

E.1 General

Current values given in this annex are only examples.

The .M@MMWRRENT
measyrements using limits in general use by-EQuUirMENT product committees: for .example,

from 100 pA r.m.s./140 pA peak up to approximately 10 mA r.m.s./14 mA peak for,a.¢c. and
d.c. cnrrrents, and covering a frequency range to 1 MHz for sinusoidal, mixed frequengy and
non-sinusoidal waveforms.

E.2 |Body impedance network — Figure 3

The purpose of the network of Figure 3 is to

— simulate the impedance of the human body,

— provide a measurement indicating the level of current*which can flow through a human
bofdy if the body contacts the EQUIPMENT in a like manner.

Rg models the internal impedance of the human bogdy.

Rs and Cs model the total skin impedancecof two points of contact. The value of |Cg is
determined from the area of skin contact: For larger areas of contact, a larger valye (for
example, 0,33 uF) may be used.

NOTE |The human body model of Figure 3 with the R and C values used herein has traditionally been psed in
productl safety standards for 50 years or mere; it has a long history of adequacy for this measurement.

TOUCH CURRENT with regard to_.ELECTRIC BURN is equal to U4 r.m.s. divided by 500 Q.

E.3 | Perception;Startle-reaction (and body impedance) network — Figure 4

Perception—andStartle-reaction by the human body-are is the result of current flowing|in the
interngl portions of the body.

Consigletation of, and compensation for, the frequency variation of startle-reactign are
requ”' dfor accurate—measurementof-this—effect—The—network—of |:|n||rn A simulato body
impedance and provides weighting to follow the frequency characterlstlcs of the body for
current causing involuntary startle-reaction. It has been assumed that the shape of the
frequency characteristic is the same for reaction and—perception startle, and the data
establishing the frequency characteristic was actually obtained through tests on the threshold

of-perception startle.

The measurement network is usable—for—currenttimits—up—to-thelet-gotimit for 50 Hzand
680-Hzcurrent—and-at-higherfrequencies; for current limits up to the weighted equivalent of

about 2 mA r.m.s. at 50 Hz and 60 Hz. The use of this network for measurement of higher
level limits is restricted by the consideration of letgo-immobilization and the need for different
frequency weighting—if=ability where the inability to let go is of concern above these levels
(see Clause E.4).
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The a.

c. or d.c. TOUCH CURRENT with regard to—perception—or startle-reaction is equal to

U, peak divided by 500 Q.

E.4

Letgo-immobilization (and body impedance) network — Figure 5

Immobilization or the inability to let go of an object is caused by current flow internal to the
body (for example, through muscles). The measurement network is suitable for current limits

above

the weighted equivalent of about 2 mA r.m.s. at 50 Hz and 60 Hz.

The effect of frequency on letgo-immobilization limits is different from its effect on-perception

LA

or sta
where

£l tH [T =N W1 n Tkt H H~u | 4+ £ £ H [ 1 kH
LCTTOAULUIVIT, UT UTT LLLUTINIG DUTNIN. rriro 1o UO}JUUIGII_Y Ut TUr 1Moy utTliviCo dUJuUVv T Z

the filter design takes this into account.

The network of Figure 5 simulates body impedance and is weighted to follow(the frequency
respopse of the body to currents which can cause tetanization of muscles (involuntary

muscu

lar contraction) and, thereby, an inability to let go-ef-GRIPPABLE-PARTS, TOUCH CURRENT

with regard to the-let-ge-thresheld letgo-immobilization is equal to Uz peakidivided by 500 Q.
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Annex F
(informative)

Measuring network limitations and construction

The networks of Figure 3, Figure 4 and Figure 5 are intended to produce a measurable
voltage response which approximates the curves given in Figure F.1, Figure F.2 and Figure
F.3. The networks and reference curves provided are in general agreement with those
published in IEC TS 60479-1 and IEC TS 60479-2, except that, for simplicity of measurement
circuits, slight deviations are allowed at the curve inflections between 300 Hz and 10 kHz.

Where limits for ELECTRIC BURN are specified, TOUCH CURRENT is also measured. \without
frequgncy weighting. The criteria established for ELECTRIC BURN will override~criteria for
perception; startle-reaction or letgo-immobilization if the r.m.s. current limit for ELECTRI§ BURN
is excpeded before the weighted peak current limits for-perception; startle-reaction and|letgo-
immobilization are reached. If this occurs, it will usually be in the range of 30-kHz to 50p kHz,
depending upon the waveform of the current and limit values used. Unless“such frequéncies
are predominant, no measurement for ELECTRIC BURN limit is necessary,

10?7
Frequency factor = ]
actual touch current
indicated touch current
10 5
17
Network of Figure 3 1
(constant = 1)
10-1 T T TTTTT T T TTTTT T T T TTTTT T T TTTTT T T T TTTTT
10 102 108 10 10° 108

Frequency Hz
IEC

Figure F.1 — Frequency factor for electric burn
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10%1

Frequency factor = ]
actual touch current ]

indicated touch current

10?5

10 3

Network of Figure 4 E

----- IEC TS 60479-2 l s
10 102 10° 10* 10° 10°
Frequency Hz
IEC

Figure F.2 — Frequency factor for perception or startle-reaction

1037
Frequency factor = ]
actual touch current
indicated touch current
1024
107
Network of Figure 5 ’
----- IEC TS 60479-2 ] 1
1 — T — — T — T
10 102 108 10* 10° 106
Frequency Hz
IEC

Figure F.3 — Frequency factor for letgo-immobilization
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Annex G
(informative)

Construction and application of touch current measuring instruments

G.1 Considerations for selection of components

G.1.1 General

The selection of components for the TOUCH CURRENT measuring networks in Figure F.3,
Figurd 4 and Figure 5 can be greatly affected by the application, for example, by the, durrent
levels|and frequencies that are to be measured, and by the tolerances and power handling
capabijlity to be considered.

The measuring networks and instruments and the performance specificatiohns discussed in
this sfandard are appropriate for both sinusoidal TOUCH CURRENT wayeforms from simple
EQUIPMENT and for non-sinusoidal TOUCH CURRENT waveforms from_sophisticated products
that dan generate high frequencies. However, for a limited application, it may rnot be
necespary for a network to cover the complete range of d.c. to 1 MKz, nor to withstand [power
input llevels that are unlikely in the particular application. Simplet current measuring nefworks
and instruments can be substituted for the specified networks;and instruments, providgd that
circuitlconditions are such that the readings would be the same.

Informjation provided here is intended to point out-the factors to be considered forl each
compagnent, so that appropriate decisions can be made for particular applications.

G.1.2 Power rating and inductance for Rgiand Rg

Powel in Rg and Rg is determined by two-factors. One is the possibility of overload at d.c. or
low frequencies. If, for example, a 240.V<50 Hz/60 Hz overload capability is desired, Rg must
shall tolerate 21,6 W and Rg 7,2 W for at least a short time, without shift in value. Howgver, if
overloads are not a concern, then /2 W or 1 W metal film resistors can provide adgquate
accuracy, together with a low temperature coefficient and long-term stability.

Based on the above choices; the measuring network should be appropriately marked, linless
it is cgpable of withstanding continuous overloads.

Rpg maly also dissipate power from high-frequency currents in some applications. For example,
if a cprrent at @-burn hazard of 500 mA is to be measured, a power of 125 W would be
dissippted in.Rg) Although this is unlikely, a resistor with this capability could be chosen

Wire wound power resistors are available to handle the power, if other factors such as

accuraey and inductinn Arerara ara ~ontrallad ta ansantablla Iavale far tha annlicatiss ower
ATy oo T oo Cthy C— T T o oo C— SOt onC ot O Co e P ooV CTro—ToT—thrc—opprrocatoT

resistors with an accuracy of + 1 % and + 5 % are readily available. Inductance has been
measured on typical 12 W and 20 W wire wound resistors and found to be about 30 uH in a
1 000 Q value. Two such resistors in parallel give 500 Q and the inductance would cause a
2 % increase in impedance to 510 Q at 1 MHz. The values of resistor Rg and capacitor Cg
control the high-frequency performance of the Rg/Rg network. An inductance of 1 mH, which
is much higher than would be expected, in series with Rg (1 500 Q), causes less than 0,2 %
at 1 MHz.

G.1.3 Capacitor Cs

Film capacitors with extended foil construction are recommended. Capacitor Cg may require a
voltage rating capable of withstanding short-term overload, for example 250V a.c., or
perhaps 400 V d.c. or 600 V d.c. Film capacitors rated for d.c. will usually tolerate an a.c.
peak voltage equal to the d.c. rating for short periods without failure. If the inductance of Cg
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and its wiring is to be controlled for performance at 1 MHz, two or three capacitors in parallel
may be necessary to achieve accuracy and frequency response.

0,1 uF film capacitors rated 250 V a.c. have been measured for resonance at about 3 MHz.
Errors of approximately 3 % at 1 MHz can be expected due to the inductance of such
components. Capacitors of lower value than 0,1 uF can be connected in parallel to reduce
the inductive error.

G.1.4

Resistors R1, R2 and R3

Metal film resistors will give adequate performance under overload and at frequencies up to

1 MH . if uvcuiuau' bdpdblilty ib UIUbiICUI (bUU G12), RAI dlluI RZ bilUuiUl IUC laicu' 1 ‘VAV'.
G.1.5 Capacitors C1, C2 and C3
Film type capacitors of extended foil construction are recommended. The inductalce of
capacijtors in this range will generally not result in significant errors up to‘1 MHz. Capacitors
can b¢ adjusted for tolerance by connecting two or more smaller capacijtors‘in parallel.
G.2 | Voltmeter
For fu]l performance up to 1 MHz, the device used for measuring U4, Uy, and Uj should be a
voltage measuring instrument which
— regponds to
e | d.c. for d.c. measurements,
e | true r.m.s. for r.-m.s. measurements, and
e | peak for peak measurements;
— hap an input resistance not less thanvt MQ;
— hap an input capacitance not more than 200 pF for a.c. measurements;
— hap a frequency range for;.a.c. measurements from 15 Hz to 1 MHz, or more if higher
frelquencies are involved;
— hap floating or differential input with common mode rejection of at least 40 dB|up to
1 MHz.
See Cllause G.1 regarding the use of simpler instruments for particular applications.
G.3 |Accuracy
The ovetrall-accurac 0 H RR me na-ne a a¥a oltmete a enced

by the accuracy of re and capacitors, and the frequency response, impedance and
accuracy of the voltmeter. Intercomponent capacity and lead inductance also affect the
accuracy of a measurement.

NOTE Analysis of the effects of tolerances on the measured TOUCH CURRENT for the specified R and C

components in the TOUCH CURRENT meter circuits shows that tolerance of the resistors Rs and R primarily affect
the measurement results. The effects of the other component tolerances are an order of magnitude lower.

A voltmeter has both an input resistance and an input capacitance. At d.c. or low frequencies,
a voltmeter having an input resistance of 1 MQ used with the measuring network of Figure 4
or Figure 5 will indicate 1 % low due to voltage division with the 10 000 Q resistor in the
measuring network. At high frequencies, the input capacitance of the voltmeter, typically
30 pF, being directly in parallel with the output capacitor of the measuring network, can
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cause an indication that is 0,15 % low in the network of Figure 4 and 0,33 % low in the
network of Figure 5.

G.4 Calibration and application of measuring instruments

NOTE A definition of calibration is-given-in-3-23-0f1S0-10042-1 to correlate the readings of an instrument with
those of a standard in order to check the instrument.

The performance of an assembled TOUCH CURRENT measuring network or TOUCH CURRENT
measuring instrument can be determined by comparing its readings with calculated ideal
values throughout the frequency range of interest (see Clause K.1). The error at each
frequ&llby Uf lllcdbulclllclli bilUuid IL)U IIUi.GuI fUl Iiatty bpcbilllcllb Uf Cdbil ina‘uum;‘ﬂt. A
compilation of error data should be used to establish guard bands within which |future
measyrements are likely to occur. Statistical confidence in the statement regarding thel width
of the|guard bands can be specified. If only one specimen of a particular desigm-oftinstrument
is builf, the guard band can be the actual error data.

The ¢stablishment of guard bands ensures that measurements can~reproducibly indicate
whether the EQUIPMENT being tested is within the TOUCH CURRENT Jlimits, when used |in the
follow|ng way.

For equipment manufacturers, the guard band should be added’to the reading, and the sum
compgred to the limit. This ensures that EQUIPMENT indicated as complying with the [roucH
CURRENT limit will not be rejected by the testing laboratory. For testing laboratories, the|guard
band should be algebraically subtracted from the reading and the difference compared|to the
limit. This ensures that the testing laboratory will not{reject EQUIPMENT that actually complies
with the limit. The tolerances for instruments wused by a testing laboratory shoyld be
sufficiently low to be accommodated by the difference between the limit value and the
threshold of the unwanted physiological effect(see IEC TS 60479-1).

If necg¢ssary, the guard band of a measufing network can be made narrower, for example by

— selection of components,
— trilmming of component values,by connecting one or more components in parallel,
— mihimizing lead length and-sharp bends in leads (to reduce inductance),

— mihimizing areas of pafts in proximity (to reduce intercomponent capacitances).

It is rgcommendedthat equipment manufacturers minimize TOUCH CURRENT levels. The design
of EQYIPMENT having current levels close to TOUCH CURRENT limit values is considered| to be
poor practicedue to the effects of component tolerance, ageing, use and environmént on
TOUCH CURRENT. When the TOUCH CURRENT from the EQUIPMENT is close to the limit |value,
specigl careyshould be taken in measurement precision and calibration of the test EQUIRMENT.
If the fO@YEH CURRENT is not close to the limit value, a wider guard band will be acceptaple for
instrurmentsused by a manufacturer-

G.5 Records

For each measuring instrument, records should be established—-in—acecordance—with-4-8of
1SO0-140042-1 containing periodic measurements of the measuring system. These records will
provide data for subsequent-calibration-in confirmation systems (see Clause G.6) and about
any limitations in use.
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G.6 Confirmation systems

NOTE A definition of metrological confirmation (shortened to “confirmation” in this standard) is given in-3-4—of
1SO6-140642-4+ many quality standards.

Measuring instruments used for EQUIPMENT certification should be subjected to routine
confirmation of their accuracy (see Clause K.2).
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Annex H
(informative)

Analysis of frequency filtered touch current circuit measurements

Annex H demonstrates the method of measurement of complex waveforms in accordance
with IEC TS 60479 series.

Modern oscilloscopes provide accurate numeric value measurement information of
waveforms during measurement. Common measurements are r.m.s., peak and peak-to-peak
MEeas Hemerts—ar—hewaretorms— s —aRRex—w—Show—hew—to—ase—natdata—te—ppperly
develgp the needed resulting value which is to be compared to the limit specifie.& in the

produgt standard. Q}/

modeiln electronic EQUIPMENT that easily switches significant voltages to lop voltages or

IEC T|S 60479-2, special aspects, deals with the complexity of wavefc;gsﬁ\c?eveloped by
currer|t adapted for specialized use within EQUIPMENT. CbQ
)

IEC TP 60479-2:2007, 5.2 excerpt: ‘Most physiological effects are@%ted to the filtereq peak
currerlt (in magnitude and duration) with the natural body fit@) defined by the frequency
factor|F. The peak value of the current should be used in ases except ... (when) pure
sinusqidal current.’ O
N4

The ffequency factor filters developed for IEC 60 fit the frequency factor curyes of
IEC TP 60479-2 extended to 1 MHz, the long sta c% dividing frequency between electrical
safetyl and EMC, as shown in Annex F. This & sion is based upon a general medical
undergtanding of the conduction of current wit@n the body by including a continual in¢rease
in theg allowed current to the end freque carrying on the same reduction in e¢ffects
specifically measured. These filters are @o emented as an inverse of the frequency |factor
curveg to aid in simplifying the measur& ts.

To implement the measuremerktgégTOUCH CURRENT according to IEC TS 60479 geries,
includ|ng the frequency factar, provisions, IEC 60990 provides two TOUCH CURRENT
measyrement circuits which @»t the frequency factor curves of IEC TS 60479-2 under the
follow|ng conditions: .,
— A ¢ircuit weighted féﬁartle-reaction (formerly called perception-reaction) — Figure 4.

— A gircuit weigrg\, r letgo-immobilization (formerly called let-go) — Figure 5.

SPICH analy 'Q/Vas done for the frequency filtered circuits of Figure 4 and Figure 5[using

commpn w apes straightforward for analysis and the results are discussed below.
Althoygh @ a couple of cycles are shown, this analysis applies to continuous [fOUCH
CURRE aveforms. The TOUCH CURRENT is calculated in the analysis and is V(oufput) /

500 Q-whithTs—showmn T the pfot—The catcutation feads to the mv/ar units (=mAJ attached to
the TOUCH CURRENT Y / vertical / ordinate axis.

NOTE SPICE output waveform naming explained: (V(output)/500 Q) = weighted touch current and xmV/Q = xmA
touch current calculated using the voltage output from the startle-reaction/Figure 4 or the letgo-
immobilization/Figure 5 filtered circuit.

Bipolar waveform examples

Bipolar alternating current wavefoms include:

— sinusoidal waves (the most common example); and

— non-sinusoidal waveforms developed by electronic switching within products for power
distribution and utilization.
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A simple example is that of a 50 Hz (20 ms) triangular waveform shown in Figure H.1 and

Figure H.2.
5 V (output) / 500 Q
4 4
3,
2|
a 17
S 04
E 1
-2 4
-3 4
4.
'5 T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40
ms
IEC
Figure H.1 — Triangular waveform touch current, startle-feaction
5 V (output) / 500 Q
5| 4
4]
3 -
2 -
a 1
> 0
g 1|
-2/ 4
-3l 4
4]
_5 |
'6 T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40
ms
IEC
Figure H.2 — Triangular Wwaveform touch current, letgo-immobilization
The irput conditions are the same as for an equivalent sinusoidal waveform the results are
not the same. The peak value_.shown in Table H.1 is the peak-to-peak value divided by P. The
peak ¢urrent is at the 5 mA peak level but the r.m.s. value is below the 3,5 mA level |of the
example above. The peak* measurement be used to adequately compare the level of foucH
CURRENT hazard to the“/body. In this case the r.m.s. value when used as a measpre of
adequacy would indicate a margin below that of a sinusoidal limit value which |is an
unwarfanted sepse of protection available.

Table H.1 — Triangular waveform response comparison

Circuit / TOUCH CURRENT response Peak .m.s

Startle-reaction circuit TOUCH CURRENT
I [V(output) / 500 Q] 4,98 mA 2,868 mA

Letgo-i

I [V(output) / 500 Q]

mmobilization circuit TOUCH CURRENT

5,056 mA 2,869 mA

The filter circuit component of the TC circuits properly acts on the high frequency
components of each waveform.

Another simple circuit of interest is a 50 Hz square wave shown in Figure H.3 and Figure H.4.
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Figure H.3 — 1 ms rise time pulse response, startle-reaction
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Figure H.4 — 1 ms rise time pulse response, letgo-immobilization
The sjeady value is 5 mA but the p€ak value (= peak-to-peak / 2) is higher in each cgse as
showr] in Table H.2.
Table H:2'- Square wave touch current response
Circuit /(TOUCH CURRENT response Peak r.m.s
Startlg-reaction circuit, TO4CH CURRENT 6,39 mA 4,991 mA
I [V(oytput) / 500 Q]
Letgo{immobilization circuit TOUCH CURRENT 8,758 mA 5,054 mA
I [V(oytput) / 508-Q]
The letgo-immobilization circuit allows more high frequency current through the filter,

therefore the peak value is higher.

The rise time is a key factor in the peak TOUCH CURRENT for a fast rising waveform. For this
type of waveform, the rise time affects the TOUCH CURRENT by up to a factor of 2 as shown in
the TOUCH CURRENT versus rise time plot as shown in Figure H.5.
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Impulse risetime comparison
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= + s === Touch current startle-reaction
Touch current letgo-immobilizafion
IEC
Figure H.5 — Touch current vs. rise‘time plot, 20 ms square wave
TOoucH CURRENT waveforms have been pulitished for dozens of pieces of modern EQUIPYMENTT.
The Use of mains switching devices (iféluding efforts to restore sinusoidal input dqurrent
(power factor correction = PFC) and,-more recently, to add higher energy efficiency to $witch
Mode |Power Supplies (SMPS) has ted to more complicated TOUCH CURRENT waveformg. One
of thel more complicated waveferms that has been seen is shown in waveform A of Figure
H.6.
Tel:Run: 125'k5.rs sample . S 0001 vac
| § P |
kA Pk -Pk
Y =28 v
1 RA RMS
]s81.7my
1RE FE-Pk
] @aa
1 RE RMS
] 2.043 A
o e UM 2ms Ch 2my
(3-8 | 100 ¥ 10ms
IEC

Figure H.6 — PFC SMPS touch current waveform

1 “Touch current comparison data’; Perkins, 2006. A collection of more than two dozen touch current
waveforms from a variety of equipment; posted on www.safetylink.com, search on perkins.
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Monopolar waveform example

DC applications are the most common examples of monopolar waveforms. Of specific interest
are switched d.c. applications that are discussed here and shown in Figure H.7 and Figure H.8.
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IEC

r.m.s. value indicated

Figure H.7 — 50 Hz square wave, 0,1 ms rise time{ startle-reaction
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24 28 32 36 40

ms
IEC

r.m.s. value indicated
Figure H.8(=50 Hz square wave, 0,1 ms rise time, letgo-immobilization

For mpnopolarwaveforms the peak value of the TOUCH CURRENT is used. The overshpot on
top of|the d.c\\pulse is included in the measurement, the undershoot is not included.

Table H.3 — Square wave monopolar touch current response

Circuit / TOUCH CURRENT response Peak r.m.s.
Startle-reaction circuit TOUCH CURRENT | [V(output) / 500 Q] 8,031 mA 5,006 mA
Letgo-immobilization circuit TOUCH CURRENT | [V(output) / 500 Q] 9,716 mA 5,037 mA

As before, the rise time of the waveform affects the overshoot and the peak value of the
TOUCH CURRENT as shown in Table H.3.

Mixed a.c./d.c. examples

IEC TS 60479-2:2007, Figure 7 shows the let-go threshold expressed in peak mA for the
combinations of 50/60 Hz sinusoidal alternating current and direct current. The peak of the
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composite a.c. and d.c. wave in mA at the let-go threshold estimated for the population of
humans including children is shown as a function of the direct current component in mA.

IEC TS 60479-2:2007, Figure 7 is represented by the equation for the composite current:

ACpk+DC = 7,176¢01424xP% _ 0 106 1 + DC

These effects are related to the peak value of the current and they have to be combined
frequency per frequency to estimate the total effect. A measurement circuit is described in
this standard.

TOUCH CURRENTS and properly evaluate them against the equation above. The IE §0479-

Herein is shown to the use of IEC 60990 circuits to make measurement of mix d%.c./d.c.
2:2007, Figure 7 is repeated in Figure H.9 and annotated with some additionat@aga frqm the

wavefprms discussed in this annex. Q
NOTE |The composite waveform shown in IEC TS 60479-2:2007, Figure 7 is named A C in the plot of Figure
9 belowW. The examples are ACpknDCex1 and ACpknDCex2; the DC values are si y named as explained in
the text| following.
30 +

ACpknDC 20 1

ACpknDCex1

S

ACpknDCex2

" 10 4

O~ ¢ 10 20 30

OQ*@ DC, DCexl, DCex1
D
@)

\Q/ Figure H.9 — IEC TS 60479-2 let-go threshold for AC and DC
binati tod | diti | dat A | .

The procedure is as follows. The maximum peak absolute value of the composite waveform is
selected (bold values of TOUCH CURRENT in the tables) to be plotted as ACpknDC. The peak-
equivalent (pk-ev) value is calculated from the r.m.s. value; this is subtracted from the
maximum peak value to get the DC value needed for the plot. The values derived from the
measurements can be plotted on the same graph as the curve to compare as is done here or,
alternatively, the DC value can be entered into the equation for the composite current to
calculate the ACpk+DC and compared to the measurement derived value called ACpknDC.

IEC
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Example 1 (ex1):

The first example (shown in Figure H.10) analyzed for letgo-immobilization.

V (output) / 500 Q

' """""""""""""" """""""""""""""""""""""""""""""" S A A N A A A A '

mV/Q

T
60 90 120 150 180 210 24
us

=]

IEC

Figure H.10 — Ex1 case: showing r.m.s. window
For the ex1 case shown above, see Table H.4.

Table H.4 — Mixed ACnDC waveform evaluation, ex1

TOUCH CURRENT peak TOUCH CURRENT r.m.s.

5,644 6 mA r.m.s.
Letgo{immobilization case +7,281 96 / -15,788 2 mA“peak Pk-ev: 5,644 6 x 1,414 = 8 mA pegk

15,79 -8 =7,79 mA d.c.

The vplues in bold in the table correspond tosthe plotted values (with rounding included in the lat{er) of
Figurg¢ H.10.

The values to be plotted for graphical evaluation are:

ACpknDCex1 = 15,8, DCex1 =7,79

Example 2 (ex2):

Anothgr mixed. case, ex2, is shown in Figure H.11 and Table H.5.

V (output) / 500 Q

mV/Q

IEC

Figure H.11 — Waveform ex2 case: showing r.m.s. window
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Table H.5 - Mixed ACnDC waveform evaluation, ex2

TOUCH CURRENT peak TOUCH CURRENT r.m.s

4,085 4 mA r.m.s.

Letgo-immobilization case | 9,524 69 / -7,247 19 mA peak Eg;i‘“ 4,0854 x 1,414 = 5,777 6 mA

9,624 7 - 5,777 6 = 3,747 1 mA d.c.

The values in bold in the table correspond to the plotted values (with rounding included in the latter) of
Figure H.11.

The veLIues to be plotted for graphical evaluation are: A

QY

ACpknDCex2 = 9,52, DCex2 = 3,75 NO

Y
Each |example falls above the letgo-immobilization curve and fail§™ meet a [letgo-

immobilization TOUCH CURRENT Ilimit of 5mA r.m.s. / 7 mA @ as describpd in
IEC TH 60479-2.
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Annex |
(informative)

AC power distribution systems (see 5.4)

1.1 Introduction General

In IEC-60364-3 60364-1, a.c. power distribution systems are classified TN, TT and IT,
depending on the arrangement of current-carrying conductors and on the method of earthing.

The classes and codes are explained in this annex. Some examples of each class are
in the |Figure 1.1 to Figure 1.8; other configurations also exist.
In thelfigures:

— in most cases, the power systems apply for single-phase and three-phase)EQUIPMEN

for

— the
un

— fon

boundary represents a floor of the building;

— some power systems are earthed at additional points\for example at the power

po

The fq
mentiq

— SInN

— sin
- tw
— thn

— thn

The s

— Fi

M

simplicity, only single-phase EQUIPMENT is illustrated;

power sources may be transformer secondaries, motorsdriven generatd
nterruptible power systems;

transformers within a user’s building, some of the figures apply, and the b

nts of users’ buildings (see IEC 60364-4-41:2005+443-43-4-note1).

llowing types of EQUIPMENT connection arestaken into account; the numbers of]
ned do not include conductors used exclusively for earthing:

gle-phase, 2-wire;
gle-phase, 3-wire;
D-phase, 3-wire;

ee-phase, 3-wire;

ee-phase, 4-wire.
stem codes used have the following meaning.
st letter: relatianship of the power system to earth

I means_direct connection of one pole to earth;

means./system isolated from earth, or one point connected to earth throu
impedance.

given

T but,

rs or

lilding

entry

wires

gh an

— Se

cond letter: earthing of the EQUIPMENT

o T means direct electrical connection of the EQUIPMENT to earth, independently of the

earthing of any point of the power system;

o N means direct electrical connection of the EQUIPMENT to the earthed point of the

— Su

power system (in a.c. systems, the earthed point of the power system is norma
neutral point or, if a neutral point is not available, a phase conductor).

bsequent letters, if any: arrangement of neutral and protective conductors

lly the

e S means the protective function is provided by a conductor separate from the neutral

or from earthed line (or, in a.c. systems, earthed phase) conductor;

¢ C means the neutral and protective functions are combined in a single conductor

(PEN conductor).
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1.2 TN power systems

TN power systems are directly earthed, the parts of the EQUIPMENT required to be earthed
being connected by protective earthing conductors. Three types of TN power systems are
considered:

— TN-S power system: in which a separate protective conductor is used throughout the
system;

— TN-C-S power system: in which neutral and protective functions are combined in a single
conductor in part of the system;

— TN-=C power system. inwhich neutral and prnfnnfi\/n functions are combined in a qing|e

conductor throughout the system.

Some|TN power systems are supplied from a secondary winding of a transformerthat has an
earthgd centre tap (neutral). Where the two phase conductors and the neutral ‘eonductor are
availaple, these systems are commonly known as single-phase, 3-wire power._systems.
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Power source
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|
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! Equipment |
e ? IEC
Separate neutral and protective conductors
Power source
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I
L3 5 cable
PE PE
‘7 P 1
— } L1
| L2 Bl
i Building
| L3 | boundary
|
|
i I PE
|
! Equipment |
e ’ IEC
Earthed line conductor

Figure 1.1 — Examples of TN-S power system
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Power source

— 55 —

o L L1
- — 2 L2
Distribution
L3 cable
+— L3
PEN ] N
PE
[ N o rryr- Tt |
— | L1 L1
| 2 L2
| n I Building
| L3 b L3 | boundary.
| N oo N
: I PE |/ I PE |
| |
i Equipment ! i Equipment :
= Building or Building or
installation 1 installation 2 IEC
NOTE The point at which the PEN conductor is separated into protective earth-and neutral conductors mg

the buil

Power source

Hing entrance or at distribution panels within the building.

Figure 1.2 — Example of TN-C-S power system
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- — 12 L2  Distribution
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- 13 L3
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e rrrf !
- | 1
| L2 Buildi
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| L3 | boundary
l N
|
|
|
|
|
|

Neutral and protective functions combined in one conductor (PEN)

Figure 1.3 — Example of TN-C power system

IEC

y be at
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Power source

L1
L1
PEN pgy  Distribution
cable
L2
L2
l N
|
|
| L2 | Building
1 l l ] PE . \.boundary
|
! 120V 240V 120/240 V ]
: Equipment Equipment Equipment !
P I, ) |
B IEC

Protective and neutral functions combined in one condtctor (PEN)

This system is widely used in North America“at 120/240 V.

Figure 1.4 — Example of single-phase,3-wire TN-C power system

1.3 TT power systems

TT power systems have one point directly-earthed, the parts of the equipment required to be
earthgd being connected at the user's-premises to earth electrodes that are elecfrically
indepg¢ndent of the earth electrodes of the power distribution system.

Power source
oL L1
- e -2 L2
Distribution
L3 cable
= | L3
N N
‘777 r-r—r |~ - - - - - - - 1
jpe— : L1 1
: L2 : Buildi
i Building
| L3 | boundary
l N
: I PE :
|
! Equipment |
! J
— IEC

Earthed neutral and independent earthing of EQUIPMENT

Figure 1.5 — Example of 3-line and neutral TT power system
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Power source
L1

Equipment

L1
L2 Distribution
L2 cable
L3 L3
o rrr " " K
! L1
: L2
|
| L3 ' Building
! I boundary
I I PE :
! |
| |
| |

IEC

Earthed line and independent earthing of EQUIPMENT

Figure 1.6 — Example of 3-line TT power system

1.4 IT power systems

IT power systems are isolated from earth, except-that one point may be connected tg earth
throudh an impedance or a voltage limiter. The¢parts of the EQUIPMENT required to be earthed
are cgnnected to earth electrodes at the users premises.

Power source
L1

r— L1
- — -2 L2
Distribution
L3 cable
+— L3
N N
o rrr “
: L1
| L2, Buildi
‘ L3 uilding
: N 1 boundary
— |
- : l PE :
|
! Equipment :
! 4
= IEC

The neutral may be connected to earth through an impedance or a voltage limiter, or isolated from earth.

This system is widely used isolated from earth, in some installations in France, with impedance to earth, at
230/400 V, and in Norway, with a voltage limiter, neutral not distributed, at 230 V line-to-line.

Figure 1.7 — Example of 3-line (and neutral) IT power system
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Power source
L1
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L1
L2 Distribution
L2 cable
L3 L3
H o T |
‘ L1
—_ |
| L3 1 Building
! I boundary
! I PE |
! |
| |
| |

IEC
The system may be isolated from earth.

Figure 1.8 — Example of 3-line IT power system
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Annex J
(informative)

Routine and periodic touch current tests, and tests after
repair or modification of mains operated equipment

This annex defines methods and procedures to perform tests which reverify TOUCH CURRENT
according to design requirements from the product standard, during production (routine test),
epair or modification and at periodic intervals during use.

afterr

The opj

simplg procedures to achieve sufficient accuracy. Measuring results should be~e
interpret. Measuring equipment should be economical and easy to use under practicg
conditjons.

Method

Tests
meastl
of an

The E
excep

TOUCH

are to be carried out using the procedures of this standard’ with the apprg
ring network-effigure4. Tests are to be performed under the_environmental con
hppropriate field or factory location.

QUIPMENT is to be tested in a stand-alone configuration without external conne
| for the mains supply.

CURRENT is to be measured and shall be at.er below the limit defined in the EQuI

stand4rd as follows:

— ift
— ift

by
— i

he limit is given as d.c. current, measure the d.c. and compare with the limit;

he limit is given in peak current, measure the-r-m-s- peak current and-multiply-the;
1-444,—and compare with the peak’limit;

r.m.s. limit.

No ro
EQUIPI

Litine or periodic test is required for ELECTRIC BURN currents unless specified
NENT standard.

using
sy to
| field

priate
litions

ctions,

PMENT

Lresult

he limit is given in r.m.s. _current, measure the r.m.s. current and compare with the

by the
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Annex K
(normative)

Network performance and calibration

Network or instrument performance and initial calibration

Measured ratios of input voltage to input current (input impedance) and output voltage to
input current (transfer impedance or network response) are compared with ideal values
calculated from the nominal component values specified in Figure 3, Figure 4 and Fig

Care
capac
signifi

A gua
for ea
to ma

NOTE
range
calibrat

ure 5.

s taken in the arrangement of the test equipment circuitry so that intercomg
tance, lead inductance and characteristics of the voltage measuring device g
Cantly affect the voltage-current ratios.

rd band indicating the uncertainty of measurement at various frequencies is sp¢
ch instrument. The performance of measuring networks can, if necéssary, be ad
e the guard band narrower.

A definition of uncertainty of measurement is-givenin3-70f1SO10042-1 the characterizatiolf
ithin which the true value of a measurement is estimated to lie; thig is_a common term in metrol
on.

NOTE 3 Guidance on adjusting the performance of measuring networkstis given in G.4.

onent
o not

pcified
justed

of the
gy and

The performance of a measuring network is checked by passing variable frequency
sinusqidal current through the input of the instrument, test terminals A and B in Fig
Figurd 4 and Figure 5. The input current (/), inpuf)voltage (U) and output voltage (U4,
Us) anle measured at various frequencies. If pessible, the output voltage is measured

same
certifi

voltmeter as will be used during all\measurements on the EQUIPMENT for p
ation purposes and for all confirmatien procedures (see Clause K.2).

Table K.1 — Calculatedrinput impedance and transfer impedance
for unweighted touch current measuring network (Figure 3)

ure 3,
Uy or
by the
roduct

Frequency Input impedance Transfer impedance
Hz U/lI Ul
20 1998 500
50 1990 500
60 1986 500
100 1961 500
200 1857 500
500 1434 500
LIACAYAY) IJrg oUU
2 000 675 500
5000 533 500
10 000 509 500
20 000 502 500
50 000 500 500
100 000 500 500
200 000 500 500
500 000 500 500
1 000 000 500 500
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Table K.2 — Calculated input impedance and transfer impedance
for-perception-or startle-reaction touch current measuring network (Figure 4)

Frequency Input impedance Transfer impedance
Hz /i U,/ T
20 1998 500
50 1990 499
60 1986 498
100 1 961 495
200 1857 480
500 1433 405
1000 973 284

2 000 661 162,9
5000 512 68,3
10 000 485 34,4
20 000 479 17,21
50 000 477 6,89
100 000 476 3,45
200 000 476 1,722
500 000 476 0,689
1 000 000 476 0,345

Table K.3 — Calculated input impedance and transfer impedance for
letgo-immobilization current measuring network (Figure 5)

Frequency Input impedance Transfer impedance
Hz /i Uy ! T
20 1998 500
50 1990 499
60 1986 499
100 1 961 496
200 1858 484
500 1434 427
17000 976 340
2 000 667 251
5000 515 144,3
10 000 487 79,9
20 000 479 41,2
o0 000 arr 10,63
100 000 476 8,32
200 000 476 4,16
500 000 476 1,666
1 000 000 476 0,833
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K.2 Calibration in a confirmation system

K.2.1 General

NOTE A definition of metrological confirmation (shortened to “confirmation” in this standard) is-given—in—-3-4—-of
1SO-100142-1 a set of operations required to ensure that a measuring equipment is in a state of compliance with
requirements for its intended use.

Each instrument that is used to determine acceptability for the purpose of certification of

EQUIPMENT shall be routinely calibrated in a confirmation system;—aceerding-te1SO-10042-1;

to ensure that no drift of its performance outside the limits of permissible error has occurred.
Reference is necessary to the guard band and other data recorded for the particular

H H 4 | H Y H HH L Ll ' L YaX| | VAR AN
measyrmg-mstrumentatrmgTsttarcanoraton—(see—Crause 1<)t

If a pfarticular measuring instrument has drifted outside permissible limits, measurements
made |[on the EQUIPMENT with that instrument since the last confirmation calibtation shall be
reviewed to check their validity.

Calibrption in a confirmation system is carried out in two steps.

K.2.2 Measurement of input resistance

The d.c. input resistance is measured and its value is ché€eked against the ideal]|value
(2 0049 ©) and the value determined during initial calibration:

NOTE |This measurement guards against the possibility that a shift/in input impedance has occurred at the same
time that a shift occurs in the instrument response, resulting inaddition or cancellation of errors.

K.2.3 Measurement of instrument performance

The ipput voltage and the output voltage (ot milliamperes as indicated on the metgr) are
measyred at various frequencies and thesratios compared to the data in Table K.4, Tahle K.5
or Taple K.6, as appropriate. If possible, the output voltage is measured by the|same
voltmeter as will be used for initial calibration and during all measurements on the EQUIPMENT
for prpduct certification purposes._It is sufficient to carry out the measurements at [a few
frequgncies over the whole frequency range of interest as long as attention is given Jto the
highen frequencies. The input_voltages used should be such as to produce output indidations
in theg range of the TOUCH. CURRENT limit values for which the measuring instrumient is
intended, subject to observing the power rating of internal components.

NOTE |Table K.4, Table K.5 and Table K.6 are derived from Table K.1, Table K.2 and Table K.3 respectively but,
in ordef to simplify-the*confirmation procedure, the presentation of the data avoids the need to measute input
currentjat high frequencies.
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Table K.4 — Output voltage to input voltage ratios for unweighted touch current
measuring network (Figure 3)

Frequency Output voltage to Input voltage to :enrpmugll‘?a):\a%ie
e input voltage ratio output voltage ratio P indicatio?l

20 0,250 4,00 2,00

50 0,251 3,98 1,99

60 0,252 3,97 1,99

100 0,255 3,92 1,96

200 07209 9,12 5,00

500 0,349 2,87 1,43
1 000 0,511 1,96 0,979
2 000 0,740 1,35 0,675
5000 0,937 1,07 0,533
10 000 0,983 1,02 0,509
20 000 0,996 1,00 0,502
50 000 0,999 1,00 0,500
100 000 1,00 1,00 0,500
200 000 1,00 1,00 0,500
500 000 1,00 1,00 0,500
1 000 000 1,00 1400 0,500

Table K.5 — Output voltage to input.voltage ratios for-perception
or startle-reaction measuring network (Figure 4)

Frequency Output voltageto Input voltage to :enrpmugll‘?a):\a%?e
e input voltage_ratio output voltage ratio P indicatio?l
20 0,250 4,00 2,00
50 0,251 3,99 2,00
60 07251 3,99 1,99
100 0,252 3,96 1,98
200 0,259 3,87 1,93
500 0,282 3,54 1,77
1 000 0,292 3,43 1,71
2 000 0,246 4,06 2,03
5 000 0,133 7,50 3,75
0000 0,070 8 14,1 7,06
0000 n’n'm Q ’)7’51 1’2‘0
50 000 0,014 5 69,2 34,6
100 000 0,007 23 138 69,1
200 000 0,003 62 277 138
500 000 0,001 45 691 346
1000 000 0,000 723 1382 691
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Table K.6 — Output voltage to input voltage ratios
for letgo-immobilization measuring network (Figure 5)

Frequency Output voltage to Input voltage to :enrpmugll‘?a):\a%ie
e input voltage ratio output voltage ratio P indicatio?l
20 0,250 4,00 2,00
50 0,251 3,99 1,99
60 0,251 3,98 1,99
100 0,253 3,95 1,98
200 07207 9,09 S92
500 0,298 3,36 1,68
1000 0,348 2,87 1,44
2 000 0,377 2,65 1,83
5000 0,280 3,57 1,79
10 000 0,164 6,09 3,04
20 000 0,086 0 11,6 5,81
50 000 0,034 9 28,7 14,3
00 000 0,017 5 57,2 28,6
P00 000 0,008 74 114 57,2
b00 000 0,003 50 286 143
1|000 000 0,001 75 572 286
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS OF MEASUREMENT OF TOUCH CURRENT
AND PROTECTIVE CONDUCTOR CURRENT

FOREWORD

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ds “IEC
Publjication(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
withl the International Organization for Standardization (ISO) in accordance with_conditions determ|ned by
agréement between the two organizations.

2) The| formal decisions or agreements of IEC on technical matters express, )as nearly as possiple, an
intefnational consensus of opinion on the relevant subjects since each technical committee has represg¢ntation
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 contenf of IEC
Pubjications 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 drder to promote international uniformity, IEC National €@ommittees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in their hational and regional publications. Any divg¢rgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the Jatter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide conformity
ass¢ssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
serJices carried out by independent certification,bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committees-and IEC National Committees for any personal injury, property darhage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

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

8) Attegntion is drawn to the-Normative references cited in this publication. Use of the referenced publications is
indispensable for the gorrect application of this publication.

9) Attention is drawn te the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEG,shall not be held responsible for identifying any or all such patent rights.

Interngtional\Standard IEC 60990 has been prepared by TC 108: Safety of elegtronic
equipment” within the field of audio/video, information technology and communication
techn:Fogy.

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.

It has the status of a basic safety publication in accordance with IEC Guide 104.

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 regort 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 itafic \type;
noles/explanatory matter: in smaller roman type;

nofmative 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“[EC 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 editian, or
amended.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates

that it contains colours which
of its 8

are considered to be useful for the correct understahding
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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 10B), as follows:

Methods of measuring leakage current

This ipcludes, for various types of EQUIPMENT, all aspects of what is referred to as "lejakage
current", including methods of measurement of current with regard to physiological ¢ffects
and fqgr installation purposes, under normal conditions and under certaip.fault conditions.

The methods of measurement of leakage current described hereifryesult from the revjew of
IEC T 60479-1 and other publications, including descriptions of earlier methdds of
measyrement.

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

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

— thg effect of electric current on a human:-body is found to be somewhat more cgmplex
than was assumed during the development of earlier standards in that there are sgeveral
bofy responses which should be considered. The most significant responses for getting
limits for continuous waveforms are

e | perception,
o | startle-reaction,
¢ | letgo-immobilization, and

e | ELECTRIC BURN.

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

Two types_of current have been identified as needing separate measuring methods: foucH
CURRENT@Nd 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 Vitil b;llubuiddi VVdVUfUIIIIb, fUI VV;I;biI .IrsS. IIIUabulCIIIUIItb dlc IIIUbt bUIIVUIIiUIIt Peak
measyrements are more appropriate for non-sinusoidal waveforms where significant\yalues
of TOYCH CURRENT are expected, but are equally suitable for sinusoidal waveformg. The
netwolks specified for the measurement of startle-reaction and letgo-immohilizatign are
frequgncy-responsive and are so weighted that single limit power-frequency‘wvalues dan be
specifled and referenced.

ELECTRIC BURNS, however, are related to the r.m.s. value of TOUCH CURRENT, and are relatively
indepg¢ndent of frequency. For EQUIPMENT where ELECTRIC BURNS-may be of concerp (see
7.2), fwo separate measurements are made, one in peak value for electric shock and a
seconfd 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 ndt, and then decide on limit values of current. Committees for certain types of EQUIPMENT
may 4ddopt 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.

Measyrement of PROTECTIVE CONDUCTOR CURRENT

In cerfain cases, measurement of the PROTECTIVE CONDUCTOR CURRENT of EQUIPMENT |under
normgl 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 installgtion.

The AROTECTIVE CONDUCTOR CURRENT is measured by inserting an ammeter of negligible
impedjance 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.
human body, and

The specification or implication of specific limit values is not within the scope of this sta
IEC TE 60479 series provides information regarding the effects of current passing th
the huyman body from which limit values may be derived.

This standard is applicable to all classes of EQUIPMENT, according to IEC 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.¢. at frequencies below 15 Hzy,and

— cufrents above those chosenor ELECTRIC BURN limits.

This bhasic safety publication=is primarily intended for use by technical committees
preparation of standards_in accordance with the principles laid down in IEC Guide 10

ISO/IBC Guide 51. It is not intended for use by manufacturers or certification |
indepg¢ndent of prodict standards.

One dof the respoansibilities of a technical committee is, wherever applicable, to make
basic |safety\publications in the preparation of its publications. The requirements
methods, 0ry'test conditions of this basic safety publication only apply when spec

ssible
urrent
to as
ies of

hdard.
rough

in the
4 and
bodies

ise of
, test
fically

referr¢dto-or included in the relevant publications.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this doc

ument

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: G
aspects

eneral

IEC TS 60479-2:2007, Effects of current on human beings and livestock — Part 2: Special

aspects
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IEC 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 puUrposes of this document, the Tollowing terms and definitions apply.

31
TOUCH CURRENT
electric current through a human body or through an animal body when_jit‘touches ¢ne or
more faccessible parts of an installation or of EQUIPMENT

[SOURCE: IEC 60050-195:1998, 195-05-21]

3.2
PROTECTIVE CONDUCTOR CURRENT
currert which flows in a protective conductor

3.3
EQUIPMENT
organized collection of electromechanical component parts and features to accomglish a
defined task (as specified in the relevant produ¢t standard).

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

3.4
GRIPPABLE PART
part of the EQUIPMENT which cauld supply current through the human hand to cause muscular
contrgction around the part and an inability to let go

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

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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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

capac

itive 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
voltag

precautions taken, in view of the possibility of the body of the EUT being at hazardous

4.3

Earthed neutral conductor

EQUIPMENT intended for connection to a TT or TN power distribution system/shall be fested

with minimum voltage between neutral and earth.

NOTE

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

The protective conductor and the earthed neutral conductor forCthe EUT should have a

voltag

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

Altern
which

e difference of less than 1 % of line-to-line voltage (see exarnple in Figure 1).

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

— cornnecting the terminal B electrode of thetmeasuring instrument network to the reutral
terminal of the EUT instead of the protective earthing conductor (see 6.1.2) of the supply;

— cornnecting the earthing terminal ofcthe EUT to the neutral conductor, instead pf the

protective earthing conductor, of theisupply.

Building | L
installation ! |
transformer ?)/otltage \

etween

lines | N

Supply T ‘
v
\ EUT

PE

\
— Point of connection/% :_hess tnan 1% o0
e \voltage

P . .
Ul SUuipIriceTit

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 \ ‘
transformer Voltage
between :
lines
N
Supply T
| \
\
PE EUT
|
= Point of connection Less than 1 % of
of equipment the voltagg
to supply between dipes

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

5 Measuring equipment

5.1

5.1.1

Measl

Selection of measuring network

General

NOTE $ee 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 O
Ry 500 Q
Cs 0,22 uF

Figure 3 — Measuring network, unweighted touch current

rements shall be made with one of the networks(of Figure 3, Figure 4 and Figure

IEC]
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Weighted touch current
A (perception or startle-reaction)

Y% k val
= 500 (peak value)

R

!—1\ .

Lo L
RBm 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)

Ys
=v—— (peak value)

500
R
Test terminals &~ R
“ L
B R o
i * m " ’ T % %
Y I )
IEC
Rs 1500 Q Rs 20 000 Q
Rg 500 0 C, 0,006 2 uF
Cs 0,22 uF Cs 0,009 1 uF
R, 10 000 Q

NOTE |For special conditionston‘the use of this network, see 5.1.2.

m

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

5.1.2 Perception and startle-reaction

The netwark of Figure 4 shall be used for low level electric shock limits. This circuit ig 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.
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5.2

5.2.1

Test electrodes

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

us

5.2.2

Test dlectrodes shall be connecied to fest terminals A and B of the measuring network.

5.3

The E
config

by thel manufacturer for a single EQUIPMENT.

EQUIPMENT which is designed for multiple power sources, only ane’of which is require
time (for example, for backup), shall be tested with only one sourcé connected.

EQUIPMENT requiring power simultaneously from two or maére power sources shall be

with a

5.4

5.4.1

NOTE

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

EQUIPMENT committees should ¢onsider the possible need for the manufacturer to ident
power] distribution system (TN, TT, IT) to which an EQUIPMENT is intended to be conneg
its final application.

If the

EQUIPMENT-to"be connected only to TN or TT systems shall comply with 5.4.2. EQUIPM

be co

systems.

ed, the adhesive shall be conductive.

Connection

Configuration

DUIPMENT under test (EUT) shall be fully assembled and ready for us&’in'the ma
uration; it shall be connected to external signal voltages where applicable, as sps

| power sources connected but with not more thangne connection to protective e

Power connections during test

General

Examples of power distribution systems are_given in Annex I.

nected to IT systems shall comply with 5.4.3 and may also be connected to TN

imum
pcified

d at a

tested
arth.

re 14,

fy the
ted in

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

ENT to
or TT

For Class 0 and Class Il EQUIPMENT (see IEC 61140), the protective conductors in Figure 6
through Figure 14 are ignored.


https://iecnorm.com/api/?name=f4e933cc7546b5bf13867165d8e2a7db

- 16 - IEC 60990:2016 © IEC 2016

Point of connection

_ to supply
T (polargy> L
\
\
Supply |
e N
»—%
(neutral fault)
(earthing conductor | EUT
fault)ﬁ_o/r | PE
e
" 1
- B\ A

Measuring network
IEC

Figure 6 — Single-phase equipment on star TN or TT system

Point of connection
to supply
(polarity)
O\p ]

Mt i
\
\
|
\
\
\

Supply

L

M '_<‘3

(line fault) |
~ U o N |
(heutral fault) |
\

(earthing conductor
fault) PE
e

EUT

g Y f
B\ A

Measuring network

IEC

The centre-tappedwinding may be one leg of a delta supply.

Figure 7 — Single-phase equipment on centre-earthed TN or TT system
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Point of connection
to supply

Lo

(line fault) ‘
|
Supply T |
A IL

(earthing conductor \
fault) e, |PE EUT
A |

T ) i
B\ A

Measuring network

IEC

Figure 8 — Single-phase equipment connected line-to-line on star TNor TT systpm

©

Point of connection
to supply
(polarity) ")

Supply \ﬁk
n

\

\

\

\

N
Nt —

\

\

'pE

S (néutfal fault)

hase t
(phase to 1000 Q

earth selector)

| S|

(earthing conductor

fault)

e EUT

\
al = f
B\ A
Measuring network

IEC

The 1 000 Q resistor should be ated for supply system faults.

=1

Higure 9 — Single-phase equipment connected line-to-neutral on star IT syster

Point of connection

to supply
At L
é (line fault) |
—
T \
Supply |
| L
\
1000 Q (earthing conductor |
fault
(phase to 9 ] ) ' PE | EUT
earth selector) —T—@/e
- B\ A
Measuring network IEC

The 1 000 Q resistor should be rated for supply system faults.

Figure 10 — Single-phase equipment connected line-to-line on star IT system
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Point of connection

to supply
P T e
(line fault) |
\
S | L
(I
SuPPlY ' w ‘
\
o L
(I
\
(neutral fault)ywr ) N
(earthing conductor fault) | PE EUT
e \
- B\ A
Measuring network
IEC
Figure 11 — Three-phase equipment on star TN or TDsystem
Paint of connection
to'supply
J L
e I
(line fault) |
\
T L L —
Supply |
\
| L
N .
\
(phaseto 9 S (reutralfault)n ﬂﬂ _ L _
earth selector)
1000Q |
(earthing conductor fault) | PE EUT
LG M e I
- B\ A
Measuring network IEC
00 Q resistor_should be rated for supply system faults.
Figure 12 — Three-phase equipment on star IT system
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Point of connection

to supply
\
OI% LL J
(line fault) \
\
T Olﬂ L
Supply \
| | L
ot s I
[ |
(phaseto 9 . (earthing conductor fault) I pE EUT
earth selector) e 7 f
@ e f
B\ A
Measuring network
IEC
Figure 13 — Unearthed delta system
Point of connection
to supply
\
Ol/r LL I
(line fault) |
T |
ol/r LL
Supply |
I L
I

\

o

\
(centre tap to g} (earthing conductor fault) \ PE EUT
earth selector) , g

R

Measuring network

IEC

Where pn EQUIPMENT ‘cOntains both a three-phase load and a centre-earthed single-phase load, and the parthed
side is [dentified,,switch g shall remain in the position identified as the earthed side.

Figure 14 — Three-phase equipment on centre-earthed delta system

5.4.2 quipment for use only on or star power distribution systems

Three-phase EQUIPMENT shall be connected to a three-phase star power distribution system,
with earthed neutral. Single-phase EQUIPMENT shall be connected between phase and neutral
of an earthed neutral power distribution system or, where specified by the manufacturer to
operate in such a manner, line-to-line on a centre-earthed three-phase star power distribution
system (see Figure 6, Figure 8 and Figure 11).

5.4.3 Equipment for use on IT power distribution systems including unearthed delta
systems

Three-phase EQUIPMENT shall be connected to an appropriate three-phase IT power supply
system. Single-phase EQUIPMENT shall be connected between phase and neutral or, where
specified by the manufacturer to operate in such a manner, line-to-line (see Figure 9,
Figure 10, Figure 12 and Figure 13).
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5.4.4 Equipment for use on single-phase centre-earthed power supply systems or on
centre-earthed delta power supply systems

Single-phase EQUIPMENT shall be connected to a supply having its centre tap earthed
(see Figure 7 and Figure 14).

Three-phase EQUIPMENT shall be connected to the appropriate delta supply (see Figure 14).

5.5 Supply voltage and frequency

5.5.1 Supply voltage

Supply voltage shall be measured at the EQUIPMENT supply terminals.

Traditlonally, TOUCH CURRENT was at its maximum at the highest supply voltage. Modern
electrpnic power supplies will not always provide maximum TOUCH CURRENT under this supply
conditjon. TOUCH CURRRENT may be maximized at the lowest voltage, i.eymaximum durrent
draw, [or under some other condition. Electric shock protection shall bé“provided under the
worst case operating condition.

EQUIPMENT rated for a single voltage shall be tested at its rated"voltage plus an apprqgpriate
working tolerance to allow for supply variations.

EQUIPMENT rated for a nominal voltage range shall be tested at the extremes of the vpltage
range| plus an appropriate working tolerance to allew) for supply variations. The wprking
tolerapce is determined by the EQUIPMENT committeexor by the manufacturer if necessalry (for
example, 0 %, -10 %/+6 % or +10 %).

EQUIPMENT rated for different nominal voltages or voltage ranges, using a voltage selector,
shall be set for the highest nominal voltage or voltage range and then treated as above.
Where voltage selection involves morfe complex switching than a rearrangemegnt of
transfprmer windings, additional tests may be necessary to determine the worst case.

If it islinconvenient to test EQUIRMENT at the specified voltage, it is permitted to test it pt any
availaple voltage within the rating of the EQUIPMENT and then calculate the results.

5.5.2 Supply frequency

Supply frequencys shall be the maximum rated nominal frequency, or alterngtively,
measyrements may'be corrected by calculation for estimation of the worst case current,

6 Test procedure

6.1 General
6.1.1 Touch current measurements

Product committees may wish to exclude measurement of TOUCH CURRENT at some accessible
parts, based upon the principle of limitation of voltage (see IEC 60364-4-41). If so,
measurements shall be made for accessible voltage and then, if required, for weighted or
unweighted TOUCH CURRENT according to Clause 6.

Concern for ELECTRIC BURN effects may arise with d.c. or at high frequencies (for example,
above 30 kHz for 3,5 mA TOUCH CURRENT). At lower frequencies, startle-reaction and letgo-
immobilization will be the dominant considerations. Where there is such a concern, the
unweighted r.m.s. value of TOUCH CURRENT shall be measured (Figure 3), in addition to
measurement for either startle-reaction (Figure 4), or inability to let go (Figure 5).
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6.1.2 Control switches, equipment and supply conditions

During TOUCH CURRENT measurements, the test environment, configuration, earthing and
supply system shall be according to 5.3, 5.4 and 5.5.

In order to maximize the current values during measurements, the configuration shall be
varied by connection and disconnection of units that are part of the EQUIPMENT, as permitted
by the manufacturer's operating and installation instructions.

Control switches e, g, |, n and p in Figure 6 to Figure 14 shall be manipulated as described in
6.2, while the cond|t|ons listed in this subclause and 6.2.1 are mdependently varied so as to

AEE v priate
selectjon of these varlables Recent add|t|on of ABNORMAL OPERATION as an epgrating
conditjon in product standards as related to the electrical installation (e.g. the less ofl PE or
the in@bility to ensure polarity of supply) clarifies the test conditions under NORMAL opgration
and FAULT CONDITIONS to then be applied.

6.1.3 Use of measuring networks

Appropriate measuring electrodes (see 5.2), measuring network-(see 5.1) and meajsuring
devicg (see G.4) shall be used in accordance with the appropriate systems of Figurg 6 to
Figurg 14 (see 5.4) to make measurements of TOUCH CURRENT between simultang¢ously
accespible parts, and between accessible parts and earth.

The tgrminal A electrode shall be applied to each accessjble part in turn.

For each application of the terminal A electrode, the terminal B electrode shall be applied to
earth,|then applied to each of the other accessible parts in turn.

For ppwer systems with an earthed power conductor, the terminal B electrode mpy be
connefted directly to the earthed power/conductor at the interface of the EUT and the power
supply, instead of being connected to the protective conductor. This connection may bg¢ used
even though the voltage difference“between the protective conductor and the earthed power
condulctor is more than 1 % of the|line-to-line voltage (see 4.2).

6.2 |Normal and fault conditions of equipment
6.2.1 Normal operation of equipment

The tgst is carried-qut with terminal A of the measuring network connected to each unearthed
or conductive atcessible part and circuit in turn, with all test switches I, n and e closed.

Measurements shall be made in all applicable conditions of normal operation.

Examples of normal operation include mains switch on, mains switch off, standby, start-up,
heating and any setting of operator controls except supply-voltage-setting controls.

Single-phase EQUIPMENT shall be tested in normal and reverse polarity (switch p).

Three-phase EQUIPMENT shall be tested with phase reversals, unless EQUIPMENT operation is
dependent on phasing.

6.2.2 Equipment and supply fault conditions
6.2.2.1 General

For EQUIPMENT having no connection to earth, 6.2.2 does not apply.
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For EQUIPMENT having a protective earthing connection or a functional earthing connection,
terminal A of the measuring network is connected to the EQUIPMENT earthing terminal of the

EUT.

Measurements shall be made with each of the applicable fault conditions specified in 6.2.2.2
to 6.2.2.9. The faults shall be applied one at a time, but shall include any faults which are a
logical result of the first fault. Before applying any fault, the EQUIPMENT shall be restored to its
original condition (for example, without faults or consequential damage).

Where a balanced line filter is used on three-phase EQUIPMENT, the net current to earth is
theoretically zero. However, it is normal for component and voltage unbalance to produce a

finite

testing.
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6.2.2.

ratte—ofmet—currentthemeaximum—vatoeofwhich—may notbemeasured—durim

Larger unbalanced currents will result from a failed capacitor in one.\j

g type
hase.

WENT committees should consider including a test for such EQUIPMENT, inyvolving the

ution of a deliberately faulted filter (one capacitor removed), together with a |
tive earth connection (see 6.2.2.2).

r considerations apply to a balanced arrangement of other components, such as
prs, connected between mains and earth.

phase EQUIPMENT shall be tested with phase reversals unless EQUIPMENT opera
dent on phasing.

p Fault condition No. 1

istinguished (see IEC 61140).

-phase EQUIPMENT not reliably earthed ‘shall be tested with loss of protective
ction (switch e) in combination with .nermal and reverse polarity (switch p).

phase EQUIPMENT not reliablyyearthed shall be tested with loss of protective
ction (switch e).

5 decided otherwise by-the product committee, the requirements of this subclal
ply to reliably earthed EQUIPMENT which is connected to the supply either perma
means of plugssand sockets which are of industrial grade (for example, conn
ed in IEC 60309;1 or a comparable national standard).

B Faultccondition No. 2

Single

-phase EQUIPMENT shall be tested with neutral open (switch n), with earth intact

bss of

surge

tion is

ding on the kind of EQUIPMENT, several safety degrees of the protective conductor are

earth

earth

se do
ently,
ctors

and in

norm:1l polafity, and again in reverse polarity (switch p).

6.2.2.4 Fault condition No. 3

EQUIPMENT for use on IT systems shall be tested with each phase conductor faulted to earth,
one at a time (switch g).

6.2.2.5 Fault condition No. 4

Three-phase EQUIPMENT shall be tested with each phase conductor open, one at a time
(switches I).

6.2.2.6 Fault condition No. 5

Single-phase EQUIPMENT for use on IT power systems or on three-phase delta systems shall
be tested with a three-phase power system, with each phase faulted to earth, one at a time
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(switch g), in combination with normal and reverse polarity (switch p) and separately with
each phase conductor open one at a time (switches I), and in combination with normal and
reverse polarity (switch p).

6.2.2.7 Fault condition No. 6

Three-phase EQUIPMENT for use on centre-earthed delta supply systems shall be tested on a
delta supply system with each delta-leg centre-earthed, one at a time (switch g).

EQUIPMENT containing both three-phase and centre-earthed circuits which cannot be installed
independently and which have an identified earthed leg shall be tested with switch g on the

1 1fiad th | I 1
identifieeearthtegpositien-onty-

6.2.2.8 Fault condition No. 7

Other|faults as specified by the product committee shall be simulated if they are liKely to
increase TOUCH CURRENT.

6.2.2. Fault condition No. 8

Accespible conductive parts which are only incidentally electrically connected to otheq parts
shall be tested both when connected electrically to the other gart(s) and when disconnected
electrically from the other part(s). See Annex C regarding ingidentally connected parts.

7 Eyaluation of results

71 Perception, startle-reaction and letgo-immobilization

Voltages U and Uj of Figure 4 and Figure 5.are frequency-weighted values of U4, sugh that
a sindle, low-frequency equivalent indication of TOUCH CURRENT results for all frequéncies
present above 15 Hz. These weighted\\values of TOUCH CURRENT are taken as the hlighest
valueg of Uy and U measured during the procedure of Clause 6, divided by 500 €. The
maximum values are compared with the limits for perception or startle-reaction and [letgo-
immobilization specified for the:EQUIPMENT (for example, a 50 Hz or 60 Hz limit value).

Measyrements for d.c. limits are made in a like manner, but taken as U4 divided by [500 Q
(see dlso Annex G).

7.2 Electric burn

Wherg there\is/concern for ELECTRIC BURN effects (see 6.1), the unweighted r.m.s. ¢r d.c.
value pf TOUEH CURRENT is measured. This is calculated from the r.m.s. voltage U4, measured
acros$ the 500 Q resistor of the measuring network of Figure 3.

The effect of TOUCH CURRENT is also related to the area of contact with the human body and
the duration of contact. The relationship between these parameters and the establishment of
TOUCH CURRENT limits are not in the scope of this standard (see also Clause D.3).

NOTE ELECTRIC BURNS result from the power dissipated as current flows through the resistance of the human skin
and body. Other forms of burn can result from electrical EQUIPMENT, for example due to arcing or the by-products
of arcing.

8 Measurement of protective conductor current

8.1 General

Current requirements and values for protective conductors are not related to TOUCH CURRENT
concerns and, therefore, such limits and methods of measurement are dealt with separately.
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8.2 Multiple equipment

Within any shared earthing system, the PROTECTIVE CONDUCTOR CURRENTS of individual
EQUIPMENT combine in a non-arithmetic manner. Therefore, THE PROTECTIVE CONDUCTOR
CURRENT of a group OF EQUIPMENT earthed by a single protective earthing conductor cannot
be reliably predicted from knowledge of individual EQUIPMENT PROTECTIVE CONDUCTOR
CURRENTS. Consequently, measurements made on individual EQUIPMENT are of limited use,
and the PROTECTIVE CONDUCTOR CURRENT for that group of EQUIPMENT shall be measured in
the shared protective earthing conductor.

8.3 Measuring method

The installation PROTECTIVE CONDUCTOR CURRENT shall be measured after installation by
inserting an ammeter of negligible impedance (for example, 0,5 Q) in series. with the
protedtive conductor. Measurement of PROTECTIVE CONDUCTOR CURRENT is made with the
EQUIPMENT and power distribution system running in all normal operating modes!
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Annex A
(normative)

Equipment

Unless otherwise defined in the EQUIPMENT standard, an EQUIPMENT is identified as having a
single connection to a supply of electricity.

An EQUIPMENT may be a single unit or may consist of physically separate, electrically
interconnected units (see Figure A.1). The source of electricity may be contained within the

EQUIPMENTF or ovamnla caolar or bhattory oo ar)
TN T o C X erCT—SOraT— o oattCTry P OwWeT)T

The cpnnection of signal cables shall be considered as part of the EQUIPMENT, in{accorndance
with 5]4.

it —Equipment

IEC

Key
BB Supply connection compatible with local supply
*—e Supply connection not designed to be connected directly to local supply

Other connections

Figure A.1 — Equipment
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Annex B
(normative)

Use of a conductive plane

Where limits for TOUCH CURRENT (with or without frequency weighting) less than 70 pA r.m.s.
or 100 pA peak are specified, or where an EQUIPMENT is tested that has large capacitive
coupling to outer surfaces which may be driven at high frequencies (for example, high-
frequency signal generators and voltage measuring instruments), it is appropriate to measure
the current which is coupled capacitively into a conductive surface placed beneath or against
a surface of the EQUIPMENT _|f the EQUIPMENT is to he tested in this manner it shall be placed

on a conductive plane which is in turn placed on an insulating surface (see Figure B.1).

The cpnductive plane shall be equal to or greater than the adjacent EQUIPMENT" surface in
area gnd perimeter.

Measdyrements shall be according to Clause 6, with the conductiveyplane tested ps an
accessible part.

The measurements shall be repeated with the conductive plane placed against any| other
surfade of the EQUIPMENT which may become adjacent to an outside conductive plane.

For pUrposes of isolation from electromagnetic interference, it may be necessary to plage the
EQUIPMENT (including the conductive plane, if used)_0,;8’m or more from other conducfors or
EQUIPMENT.

Equipment
under test

Insulating.surface

Conductive plane

|

Figure B.1 — Equipment platform

IEC
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Annex C
(normative)

Incidentally connected parts

Incidentally connected parts are accessible conductive parts which are neither reliably
connected to, nor positively isolated from, earth or any specified voltage.

Examples of incidentally connected parts include

— doors—and assemblies attached h‘,’ metal hingne,

adhesively-bonded labels which have an accessible conductive part (for example,| metal
foil),

— pdrts which are attached to painted or anodised surfaces,

— copntrol handles.

Some| production samples of the EQUIPMENT may have an incidentally connected part
effectively connected to earth or to another circuit. In other sampfes, the same part may be
isolatged from earth and other circuits. Since, in general, it is not clear which case will prioduce
the higher TOUCH CURRENT, 6.2.2 requires TOUCH CURRENT to e measured for both cases in
order fo find the worst case. However, where the predominant frequency is below 100 Hz, the
worst [case is most likely to be that in which the incidentally connected part is connedted to
the other parts.
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Annex D
(informative)

Choice of current limits

D.1 General

When drafting the procedures specified in this standard, certain assumptions were made
about the current limits which product committees would use. This was necessary in order to
select the appropriate data from IEC TS 60479-1 for design of the measuring networks in
Figurq 3, Figure 4 and Figure 5.

Thesel assumptions were based on earlier IEC publications. Current values-given in this
annex| are examples only. They are given below for the assistance of product comnpittees
when gelecting current limits.

D.2 |Limit examples

D.2.1 Ventricular fibrillation

No limit assumed.

It is absumed that the limits chosen for TOUCH CURRENTS will be well below the thresheld for
ventrig¢ular fibrillation.

D.2.2 Inability to letgo-immobilization

The method of measurement is specified inthis standard.

IEC TP 60479-1 assumes 10 mA ram.s. as the approximate average threshold level of|letgo-
immobilization current, whereas §.mA r.m.s. as proposed for IEC TS 60479-1, would ipclude
the entire adult population. See Figure F.3 for the effects of frequency.

D.2.3 Startle-reaction

The method of meas(rement is specified in this standard.

The sfartle-reaction threshold given in IEC TS 60479-1 is approximately 0,5 mA r.m.s. for low
frequgncies. ‘Vafious limits are in use between the thresholds for startle-reaction and|letgo-
immobilization.

D.2.4 — Perception threshold

TOUCH CURRENT can be perceived at levels as low as a few microamperes. Unless the current
is high enough to produce involuntary startle-reaction that might result in harmful effects,
these small touch currents are not considered hazardous and not usually measured by these
methods.

D.2.5 Special applications

The method of measurement specified in this standard can be used, unless otherwise
specified in the applicable standard for the particular product.

0,25 mA r.m.s. (one half of the startle-reaction threshold) is used for Class Il EQUIPMENT in
product standards such as IEC 60065, IEC 60335-1, IEC 60950-1 and IEC 62368-1. See
Figure F.2 for frequency effects.
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Limits lower than 0,25 mA r.m.s. are specified for some medical applications. For such
applications the method of measurement in this standard may not provide an appropriate

body i

D.3

mpedance model (see Clause E.1).

Choice of limits

Consideration should be given to the need to specify different limits for (1) normal operating

condit

ions and (2) fault conditions.

See IEC TS 60479 series for guidance on the effects of current passing through the human

body.

Limits
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measyrements-where small area contact is expected.
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are normally expressed in terms of maximum values of d.c. and a.c. at frequenc
Hz. The methods of measurement specified in this standard are the same for
ilization, startle-reaction and some special applications. Measuring networks tak
ht the effect of higher-frequency current on the body and simulaté |lowering of

nined by peak values of current, weighted for frequency. FOfOELECTRIC BURN,

are significant. For the scope of this standard, the effects;0f)frequency on ELE
are negligible, since the predominant effect at low frequency is startle-react

based upon ventricular fibrillation (see D.2.1) arg,not necessary for most EQUIA
5 prevent ventricular fibrillation. An exception_(discussed in IEC TS 60479-1) is w

Huration current impulse can flow through the body (too short an impulse to
y to let go), and startle-reaction from the curfent impulse is not considered hazar

ly to let-go has traditionally focused.on GRIPPABLE PARTS but this is now underst
as letgo-immobilization (see D.2.2), except for consideration of ELECTRIC

er, ELECTRIC BURN only becemes the predominant factor at high frequencies.
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hazard due to surprise-or-involuntary muscle reaction, but no direct injury is expected
due tq current through the body. Such a current may be considered acceptable under
fault conditions, if so product committees should specifically provide an exemption.

single

ort-duration current, a limit value higher than that for letgo-immobilization is somg¢times

BURN
h a.c.

attle-reaction network of Figure 4 should be used for measurements where the s

tartle-

nimitis used 1or small area contact.

It is understood that the limit values for low-frequency TOUCH CURRENT in other IEC

public

ations are based upon the following considerations.

— Limits for startle-reaction and lower limits:

need to avoid involuntary startle-reaction, where severe consequences may result (for

example, falling from a ladder or dropping EQUIPMENT);

the limit for startle-reaction is generally 0,5 mA r.m.s. or 0,7 mA peak for a sinusoidal

current;

a limit lower than 0,25 mA r.m.s. (0,35 mA peak) is indicated where the u
particularly sensitive or at risk due to environmental or biological reasons.

— Letgo-immobilization:

ser is


https://iecnorm.com/api/?name=f4e933cc7546b5bf13867165d8e2a7db

Certaip

-30 - IEC 60990:2016 © IEC 2016

startle and some reaction are acceptable as an indication of a first fault, when the

letgo-immobilization limit is applied;

men and women are estimated to have an average letgo-immobilization threshold of

16 mA r.m.s. and 10,5 mA r.m.s. respectively;

some people have a lower threshold, for example the 99,5 percentiles of me

n and

women have been reported as 9 mAr.m.s. and 6 mA r.m.s. respectively, and the

threshold values for children are expected to be lower;

certain single fault conditions may justify letgo-immobilization limits, with startle-

reaction limits applying for normal (non-fault) conditions.
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shes rapidly as EQUIPMENT is operated. This is normally ignored in setting EQUI
when specified by the product committee.

Electric burn effects of touch current

is no generally accepted limit value of TOUCH CURRENT whichywill prevent ELE
in all cases. Other parameters, such as the area of contact-with the human bog

further study. When safe limits are established, they may be in terms of two or m
parameters.

ethod of measurement of TOUCH CURRENT for consideration of ELECTRIC BURN eff¢
ed in this standard (see 7.2).

llowing limit has been used in an IEC standard:
C 61010-1: 500 mA r.m.s. (under fault conditions).

ported that skin burns begin to og¢eur at current densities of about 300 mA r.m.s./
A r.m.s./cm2 (Becker, Malhotra"and Hedley-Whyte).

5is of conditions leadjfig.fo ELECTRIC BURN has shown that there is a cros
ncy where ELECTRIC, BURN exceeds letgo-immobilization and product require]

p368-1 reflects onerapproach to defining such a requirement.
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reflect the need formaking the correct measurement to provide the proper protection.
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E.1

Annex E
(informative)

Networks for use in measurement of touch current

General

Current values given in this annex are only examples.

The

etworks of Figurn ’2, I:ignrnA and I:ignrnf-'\ are intended for TOUCH CU

RENT

measlu
r.m.s.

and covering a frequency range to 1 MHz for sinusoidal, mixed frequency and pon-sinu

wavef

E.2
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Rg MO
Rg an
detern
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NOTE
product]

TOUCH

E.3

Startle
the bg

Consi

rements using limits in general use by product committees: for example, from\1
140 pA peak up to approximately 10 mA r.m.s./14 mA peak for a.c. and d«cu

DI'Mms.

Body impedance network — Figure 3

irpose of the network of Figure 3 is to

hulate the impedance of the human body,

pvide a measurement indicating the level of current*which can flow through a |
(y if the body contacts the EQUIPMENT in a like manner.

dels the internal impedance of the human body.

d Cs model the total skin impedance(of two points of contact. The value of
nined from the area of skin contacty For larger areas of contact, a larger vall
le, 0,33 uF) may be used.

The human body model of Figure 3.with the R and C values used herein has traditionally been
safety standards for 50 years or.more; it has a long history of adequacy for this measurement.

CURRENT with regard to_.ELECTRIC BURN is equal to U4 r.m.s. divided by 500 Q.

Startle-reaction (and body impedance) network — Figure 4

-reaction<by*the human body is the result of current flowing in the internal porti
dy.

jetation of, and compensation for, the frequency variation of startle-reactio
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impedance and provides weighting to follow the frequency characteristics of the body for
current causing involuntary startle-reaction. It has been assumed that the shape of the
frequency characteristic is the same for reaction and startle, and the data establishing the
frequency characteristic was actually obtained through tests on the threshold of startle.

The measurement network is usable for current limits up to the weighted equivalent of about
2mAr.m.s. at 50 Hz and 60 Hz. The use of this network for measurement of higher level
limits is restricted by the consideration of letgo-immobilization and the need for different
frequency weighting where the inability to let go is of concern above these levels (see
Clause E .4).

The a.c. or d.c. TOUCH CURRENT with regard to startle-reaction is equal to U, peak divided by

500 Q
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E.4 Letgo-immobilization (and body impedance) network — Figure 5

Immobilization or the inability to let go of an object is caused by current flow internal to the
body (for example, through muscles). The measurement network is suitable for current limits
above the weighted equivalent of about 2 mA r.m.s. at 50 Hz and 60 Hz.

The effect of frequency on letgo-immobilization limits is different from its effect on startle-
reaction, or on ELECTRIC BURN. This is especially true for frequencies above 1 kHz where the
filter design takes this into account.

The network of Figure 5 simulates body impedance and is weighted to follow the frequency
respofse of the body to currents which can cause tetanization of muscles (involuntary
muscylar contraction) and, thereby, an inability to let go. TOUCH CURRENT with regard |to the
letgo-immobilization is equal to U5 peak divided by 500 Q.
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Annex F
(informative)

Measuring network limitations and construction

The networks of Figure 3, Figure 4 and Figure 5 are intended to produce a measurable
voltage response which approximates the curves given in Figure F.1, Figure F.2 and Figure

F.3. The networks and reference curves provided are in general agreement with

those

published in IEC TS 60479-1 and IEC TS 60479-2, except that, for simplicity of measurement
circuits, slight deviations are allowed at the curve inflections between 300 Hz and 10 kHz.

Where limits for ELECTRIC BURN are specified, TOUCH CURRENT is also measured.W
frequgncy weighting. The criteria established for ELECTRIC BURN will override~crite
startlg-reaction or letgo-immobilization if the r.m.s. current limit for ELEGIRIC BU
exceefled before the weighted peak current limits for startle-reaction and letgo-immobili

ithout
ia for
RN is
zation

are relached. If this occurs, it will usually be in the range of 30 kHz to 500-kHz, depending

upon |the waveform of the current and limit values used. Unless such” frequencig
predominant, no measurement for ELECTRIC BURN limit is necessary.

1023
Frequency factor = ]
actual touch current ]
indicated touch current i}
10 4
13
Network of Figure 3 .
(constant = 1) ]
101 e
10 102 103 10 10° 108
Frequency Hz
IEC

Figure F.1 — Frequency factor for electric burn

S are

10% 7

Frequeney factor = ]

actoaktouch current

indicated touch current
1075
Network of Figure 4 %
----- IEC TS 60479-2 ] A
10 102 10° 10* 10° 108
Frequency Hz
IEC

Figure F.2 — Frequency factor for perception or startle-reaction
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1037
Freguency factor = ]
actual touch current
indicated touch current
1024
107
Network of Figure 5 | /
----- TEC TS 604792 —=
10 102 103 10* 10° 108
Frequency;Hz
IEC

Figure F.3 — Frequency factor for letgo-immobilization
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Annex G
(informative)

Construction and application of touch current measuring instruments

G.1 Considerations for selection of components

G.1.1 General

The selection of components for the TOUCH CURRENT measuring networks in Figure F.3,
Figurd 4 and Figure 5 can be greatly affected by the application, for example, by the, durrent
levels|and frequencies that are to be measured, and by the tolerances and power handling
capabijlity to be considered.

The measuring networks and instruments and the performance specificatiohns discussed in
this sfandard are appropriate for both sinusoidal TOUCH CURRENT wayeforms from simple
EQUIPMENT and for non-sinusoidal TOUCH CURRENT waveforms from_sophisticated products
that dan generate high frequencies. However, for a limited application, it may rot be
necespary for a network to cover the complete range of d.c. to 1 MKz, nor to withstand [power
input llevels that are unlikely in the particular application. Simplet current measuring nefworks
and instruments can be substituted for the specified networks;and instruments, providgd that
circuitlconditions are such that the readings would be the same.

Informjation provided here is intended to point out-the factors to be considered forl each
compagnent, so that appropriate decisions can be made for particular applications.

G.1.2 Power rating and inductance for Rgiand Rg

Powel in Rg and Rg is determined by two-factors. One is the possibility of overload at ¢.c. or
low frequencies. If, for example, a 240.\V\“50 Hz/60 Hz overload capability is desired, Rg shall
toleratle 21,6 W and Rg 7,2 W for at,least a short time, without shift in value. Howeyver, if
overloads are not a concern, then 72 W or 1 W metal film resistors can provide adgquate
accuracy, together with a low temperature coefficient and long-term stability.

Based on the above choices; the measuring network should be appropriately marked, linless
it is cgpable of withstanding continuous overloads.

Rpg maly also dissipate power from high-frequency currents in some applications. For example,
if a cprrent at @-burn hazard of 500 mA is to be measured, a power of 125 W would be
dissippted in.Rg) Although this is unlikely, a resistor with this capability could be chosen

Wire wound power resistors are available to handle the power, if other factors such as

accuraey and inductinn Arerara ara ~ontrallad ta ansantabla avale far tha annlicatiss ower
ATy oo T oo Cthy C— T T o oo C— SOt onmC OO Co e POt oV CTro—ToT—thrc—opprocotoT

resistors with an accuracy of + 1 % and + 5 % are readily available. Inductance has been
measured on typical 12 W and 20 W wire wound resistors and found to be about 30 uH in a
1 000 Q value. Two such resistors in parallel give 500 Q and the inductance would cause a
2 % increase in impedance to 510 Q at 1 MHz. The values of resistor Rg and capacitor Cg
control the high-frequency performance of the Rg/Rg network. An inductance of 1 mH, which
is much higher than would be expected, in series with Rg (1 500 Q), causes less than 0,2 %
at 1 MHz.

G.1.3 Capacitor Cs

Film capacitors with extended foil construction are recommended. Capacitor Cg may require a
voltage rating capable of withstanding short-term overload, for example 250V a.c., or
perhaps 400 V d.c. or 600 V d.c. Film capacitors rated for d.c. will usually tolerate an a.c.
peak voltage equal to the d.c. rating for short periods without failure. If the inductance of Cg
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and its wiring is to be controlled for performance at 1 MHz, two or three capacitors in parallel
may be necessary to achieve accuracy and frequency response.

0,1 uF film capacitors rated 250 V a.c. have been measured for resonance at about 3 MHz.
Errors of approximately 3 % at 1 MHz can be expected due to the inductance of such
components. Capacitors of lower value than 0,1 uF can be connected in parallel to reduce
the inductive error.

G.1.4

Resistors R1, R2 and R3

Metal film resistors will give adequate performance under overload and at frequencies up to

1 MH . if uvcuiuau' bdpdblilty ib UIUbiICUI (bUU G12), RAI dlluI RZ bilUuiUl IUC laicu' 1 ‘VAV'.
G.1.5 Capacitors C1, C2 and C3
Film type capacitors of extended foil construction are recommended. The inductalce of
capacijtors in this range will generally not result in significant errors up to‘1 MHz. Capacitors
can b¢ adjusted for tolerance by connecting two or more smaller capacijtors‘in parallel.
G.2 | Voltmeter
For fu]l performance up to 1 MHz, the device used for measuring U4, Uy, and Uj should be a
voltage measuring instrument which
— regponds to
e | d.c. for d.c. measurements,
e | true r.m.s. for r.-m.s. measurements, and
e | peak for peak measurements;
— hds an input resistance not less thatn1 MQ;
— has an input capacitance not more than 200 pF for a.c. measurements;
— hds a frequency range for.a.c. measurements from 15 Hz to 1 MHz, or more if higher
frelquencies are involved;
— hds floating or differential input with common mode rejection of at least 40 dB|up to
1 MHz.
See Cllause G.1 regarding the use of simpler instruments for particular applications.
G.3 |Accuracy
The ovetrall-accurac 0 H RR me na-ne a a¥a oltmete a enced

by the accuracy of re and capacitors, and the frequency response, impedance and
accuracy of the voltmeter. Intercomponent capacity and lead inductance also affect the
accuracy of a measurement.

NOTE Analysis of the effects of tolerances on the measured TOUCH CURRENT for the specified R and C
components in the TOUCH CURRENT meter circuits shows that tolerance of the resistors Rs and Rg primarily affect
the measurement results. The effects of the other component tolerances are an order of magnitude lower.

A voltmeter has both an input resistance and an input capacitance. At d.c. or low frequencies,
a voltmeter having an input resistance of 1 MQ used with the measuring network of Figure 4
or Figure 5 will indicate 1 % low due to voltage division with the 10 000 Q resistor in the
measuring network. At high frequencies, the input capacitance of the voltmeter, typically
30 pF, being directly in parallel with the output capacitor of the measuring network, can
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cause an indication that is 0,15 % low in the network of Figure 4 and 0,33 % low in the
network of Figure 5.

G.4 Calibration and application of measuring instruments

NOTE A definition of calibration is to correlate the readings of an instrument with those of a standard in order to
check the instrument.

The performance of an assembled TOUCH CURRENT measuring network or TOUCH CURRENT
measuring instrument can be determined by comparing its readings with calculated ideal
values throughout the frequency range of interest (see Clause K.1). The error at each
frequ&llby Uf lllcdbulclllclli bilUuilj IUU ||Uicd fUl Iiatty bpcbilllcllb Uf Cabil illbilulllﬂnt. A
compilation of error data should be used to establish guard bands within which |future
measyrements are likely to occur. Statistical confidence in the statement regarding thel width
of the|guard bands can be specified. If only one specimen of a particular desigm-oftinstrument
is builf, the guard band can be the actual error data.

The ¢stablishment of guard bands ensures that measurements can~reproducibly indicate
whether the EQUIPMENT being tested is within the TOUCH CURRENT Jlimits, when used |in the
follow|ng way.

For equipment manufacturers, the guard band should be added’to the reading, and the sum
compgred to the limit. This ensures that EQUIPMENT indicated as complying with the [roucH
CURRENT limit will not be rejected by the testing laboratory. For testing laboratories, the|guard
band should be algebraically subtracted from the reading and the difference compared|to the
limit. This ensures that the testing laboratory will not{reject EQUIPMENT that actually complies
with the limit. The tolerances for instruments wused by a testing laboratory shoyld be
sufficiently low to be accommodated by the difference between the limit value and the
threshold of the unwanted physiological effect(see IEC TS 60479-1).

If necg¢ssary, the guard band of a measufing network can be made narrower, for example by

— se]ection of components,
— trimming of component valugs)by connecting one or more components in parallel,
- mi[::imizing lead length and“sharp bends in leads (to reduce inductance),

— mipimizing areas of-parts in proximity (to reduce intercomponent capacitances).
It is rgcommendedthat equipment manufacturers minimize TOUCH CURRENT levels. The design
of EQYIPMENT having current levels close to TOUCH CURRENT limit values is considered| to be
poor practicedue to the effects of component tolerance, ageing, use and environmeént on
TOUCH CURRENT. When the TOUCH CURRENT from the EQUIPMENT is close to the limit |value,
specigl careyshould be taken in measurement precision and calibration of the test EQUIRMENT.
If the fO@YEH CURRENT is not close to the limit value, a wider guard band will be acceptaple for
instrurmentsused by a manufacturer-

G.5 Records

For each measuring instrument, records should be established containing periodic
measurements of the measuring system. These records will provide data for subsequent
confirmation systems (see Clause G.6) and about any limitations in use.

G.6 Confirmation systems

NOTE A definition of metrological confirmation (shortened to “confirmation” in this standard) is given in many
quality standards.
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Measuring instruments used for EQUIPMENT certification should be subjected to routine
confirmation of their accuracy (see Clause K.2).
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Annex H
(informative)

Analysis of frequency filtered touch current circuit measurements

Annex H demonstrates the method of measurement of complex waveforms in accordance
with IEC TS 60479 series.

Modern oscilloscopes provide accurate numeric value measurement information of
waveforms during measurement. Common measurements are r.m.s., peak and peak-to-peak
measrements—ofthe—waveforms—This—anrnrex—wil—shew—how—to—use—thatdata—to—properly
develgp the needed resulting value which is to be compared to the limit specified, in the
produ¢t standard.

IEC T|S 60479-2, special aspects, deals with the complexity of waveforms“developed by
modein electronic EQUIPMENT that easily switches significant voltages to deyelop voltages or
currer|t adapted for specialized use within EQUIPMENT.

IEC TP 60479-2:2007, 5.2 excerpt: ‘Most physiological €ffects are related {o the
filtered peak current (in magnitude and duration) with the natural body filter defined py the
frequgncy factor F. The peak value of the current should belused in all cases except ...
(when)) pure sinusoidal current.’

The ffequency factor filters developed for IEC 60990 fit the frequency factor curyes of
IEC TP 60479-2 extended to 1 MHz, the long standing dividing frequency between elelctrical
safety| and EMC, as shown in Annex F. This extension is based upon a general medical
understanding of the conduction of current within'the body by including a continual ingrease
in theg allowed current to the end frequencCy carrying on the same reduction in ¢ffects
speciflcally measured. These filters are implemented as an inverse of the frequency |factor
curves to aid in simplifying the measurements.

To implement the measurement, of TOUCH CURRENT according to IEC TS 60479 series,
including the frequency factar, provisions, IEC 60990 provides two TOUCH CURRENT
measyrement circuits which meet the frequency factor curves of IEC TS 60479-2 under the
follow|ng conditions:

— A ¢ircuit weighted for)startle-reaction (formerly called perception-reaction) — Figure 4.
— A ¢ircuit weighted:for letgo-immobilization (formerly called let-go) — Figure 5.

SPICH analysis\'was done for the frequency filtered circuits of Figure 4 and Figure 5| using
commpn waveshapes straightforward for analysis and the results are discussed below.
Althoygh, only a couple of cycles are shown, this analysis applies to continuous [fOUCH
CURRENT{waveforms. The TOUCH CURRENT is calculated in the analysis and is V(oufput) /
500 Q-whith s showmn i the pfot—The catcutation feads to the mv/cr units (=mAJ attached to
the TOUCH CURRENT Y / vertical / ordinate axis.

NOTE SPICE output waveform naming explained: (V(output)/500 Q) = weighted touch current and xmV/Q = xmA
touch current calculated using the voltage output from the startle-reaction/Figure 4 or the letgo-
immobilization/Figure 5 filtered circuit.

Bipolar waveform examples

Bipolar alternating current wavefoms include:

— sinusoidal waves (the most common example); and

— non-sinusoidal waveforms developed by electronic switching within products for power
distribution and utilization.
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A simple example is that of a 50 Hz (20 ms) triangular waveform shown in Figure H.1 and

Figure H.2.
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Figure H.1 — Triangular waveform touch current, startle-reaction
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Figure H.2 — Triangular waveform touch current, letgo-immobilization

The input conditions are the same as for an equivalent sinusoidal waveform the results are
not the same. The peak value_shown in Table H.1 is the peak-to-peak value divided by 2. The
peak ¢urrent is at the 5 mA peak level but the r.m.s. value is below the 3,5 mA level [of the
example above. The peak' measurement be used to adequately compare the level of foucH
CURRENT hazard to the“/body. In this case the r.m.s. value when used as a measpre of
adequacy would indicate a margin below that of a sinusoidal limit value which |is an

unwar

ranted sense of protection available.

Table H.1 — Triangular waveform response comparison

Circuit / TOUCH CURRENT response Peak r.m.s

Startle-reaction circuit TOUCH CURRENT
I [V(output) / 500 Q]

4,98 mA 2,868 mA

Letgo-i

I [V(output) / 500 Q]

mmobilization circuit TOUCH CURRENT

5,05 mA 2,869 mA

The filter circuit component of the TC circuits properly acts on the high frequency
components of each waveform.

Another simple circuit of interest is a 50 Hz square wave shown in Figure H.3 and Figure H.4.
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Figure H.3 — 1 ms rise time pulse response, startle-reaction
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Figure H.4 — 1 ms rise time_pulse response, letgo-immobilization
The sjeady value is 5 mA but the peak value (= peak-to-peak / 2) is higher in each case as
showr] in Table H.2.
Table H.2'- Square wave touch current response
Circuit /(TOUCH CURRENT response Peak r.m.s
Startlg-reaction circuit, TOUCH CURRENT 6,39 mA 4,991 mA
| [V(ogtput) / 500 Q]
Letgod{immobilization circuit TOUCH CURRENT 8,758 mA 5,054 mA
| [V(o4tput) / 500-Q]
The letgo-immobilization circuit allows more high frequency current through the filter,

therefore the peak value is higher.

The rise time is a key factor in the peak TOUCH CURRENT for a fast rising waveform. For this
type of waveform, the rise time affects the TOUCH CURRENT by up to a factor of 2 as shown in
the TOUCH CURRENT versus rise time plot as shown in Figure H.5.
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Impulse risetime comparison
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Figure H.5 — Touch current vs. rise'time plot, 20 ms square wave

ToucH CURRENT waveforms have been published for dozens of pieces of modern EQUIPMENT.
The Use of mains switching devices (in¢luding efforts to restore sinusoidal input qurrent
(power factor correction = PFC) and,-more recently, to add higher energy efficiency to $witch
Mode |Power Supplies (SMPS) has led to more complicated TOUCH CURRENT waveformg. One
of the| more complicated waveforms that has been seen is shown in waveform A of Figure
H.6.

Telk Kun: 125rks.rs Sample =1 000.1 vac
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]sg1.7my

1RE PK-PK
1 9.4a

1 RB RMS
13.043 A

M Zms Ch1 .7 2my
| A-8§ | 100 ¥ 10ms

IEC

Figure H.6 — PFC SMPS touch current waveform

1 “Touch current comparison data’; Perkins, 2006. A collection of more than two dozen touch current
waveforms from a variety of equipment; posted on www.safetylink.com, search on perkins.
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Monopolar waveform example

DC applications are the most common examples of monopolar waveforms. Of specific interest
are switched d.c. applications that are discussed here and shown in Figure H.7 and Figure H.8.
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IEC
r.m.s. value indicated
Figure H.7 — 50 Hz square wave, 0,1 ms rise time/ startle-reaction
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g Y g e
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0 4 8 12 16 24 28 32 36 40
ms
IEC
r.m.s. value indicated
Figure H.8(- 50 Hz square wave, 0,1 ms rise time, letgo-immobilization
For mpnopolar waveforms the peak value of the TOUCH CURRENT is used. The overshpot on
top of|the d.c.\pulse is included in the measurement, the undershoot is not included.
Table H.3 — Square wave monopolar touch current response

Circuit / TOUCH CURRENT response Peak r.m.s.
Startle-reaction circuit TOUCH CURRENT | [V(output) / 500 Q] 8,031 mA 5,006 mA
Letgo-immobilization circuit TOUCH CURRENT | [V(output) / 500 Q] 9,716 mA 5,037 mA

As before, the rise time of the waveform affects the overshoot and the peak value of the
TOUCH CURRENT as shown in Table H.3.

Mixed a.c./d.c. examples

IEC TS 60479-2:2007, Figure 7 shows the let-go threshold expressed in peak mA for the
combinations of 50/60 Hz sinusoidal alternating current and direct current. The peak of the


https://iecnorm.com/api/?name=f4e933cc7546b5bf13867165d8e2a7db

- 44 — IEC 60990:2016 © IEC 2016

composite a.c. and d.c. wave in mA at the let-go threshold estimated for the population of
humans including children is shown as a function of the direct current component in mA.

IEC TS 60479-2:2007, Figure 7 is represented by the equation for the composite current:

ACpk+DC = 7,176¢01424xP9 _ 0 106 1 + DC

These effects are related to the peak value of the current and they have to be combined
frequency per frequency to estimate the total effect. A measurement circuit is described in
this standard.

Herein is shown to the use of IEC 60990 circuits to make measurement of mixed-a.c./d.c.
TOUCH CURRENTS and properly evaluate them against the equation above. The IEC.TS §0479-
2:2007, Figure 7 is repeated in Figure H.9 and annotated with some additional;data frgm the
wavefprms discussed in this annex.

NOTE |The composite waveform shown in IEC TS 60479-2:2007, Figure 7 is named ACpknDC in the plot of Figure
9 belowW. The examples are ACpknDCex1 and ACpknDCex2; the DC values are similarly named as explgined in
the text| following.

30 -

20
ACpknDC
ACpknDCex1
—
ACpknDCex2
O 10 4

0 10 20 30
DC, DCexl, DCex1

IEC

Figure H.9 — IEC TS 60479-2 let-go threshold for AC and DC

The procedure is as follows. The maximum peak absolute value of the composite waveform is
selected (bold values of TOUCH CURRENT in the tables) to be plotted as ACpknDC. The peak-
equivalent (pk-ev) value is calculated from the r.m.s. value; this is subtracted from the
maximum peak value to get the DC value needed for the plot. The values derived from the
measurements can be plotted on the same graph as the curve to compare as is done here or,
alternatively, the DC value can be entered into the equation for the composite current to
calculate the ACpk+DC and compared to the measurement derived value called ACpknDC.

Example 1 (ex1):

The first example (shown in Figure H.10) analyzed for letgo-immobilization.
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Figure H.10 — Ex1 case: showing r.m.s. window
For the ex1 case shown above, see Table H.4.
Table H.4 — Mixed ACnDC waveform evaluation{ex1
TOUCH CURRENT peak TOUCH CURRENT r.m.s.
5,644/6 mA r.m.s.
Letgoj{immobilization case +7,281 96 / -15,788 2 mA peak Pk-ev: 5,644 6 x 1,414 = 8 mA pegk
15,79 -8 =7,79 mA d.c.
The vialues in bold in the table correspond to the plotted\ values (with rounding included in the lat{er) of

Figurg¢ H.10.

The values to be plotted for graphical evaluation are:

Exam

ACpknDCex1 = 15,8, DCex1 =7,79

ble 2 (ex2):

Anoth

br mixed case, ex25-is shown in Figure H.11 and Table H.5.

V (output) / 500 Q

mV/Q

Figure H.11 — Waveform ex2 case: showing r.m.s. window

IEC
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Table H.5 - Mixed ACnDC waveform evaluation, ex2

TOUCH CURRENT peak TOUCH CURRENT r.m.s

4,085 4 mA r.m.s.

Letgo-immobilization case | 9,524 69 / -7,247 19 mA peak E:;«V: 4,0854 x 1,414 = 5,777 6 mA

9,524 7 - 5,777 6 = 3,747 1 mA d.c.

The values in bold in the table correspond to the plotted values (with rounding included in the latter) of
Figure H.11.

The veLIues to be plotted for graphical evaluation are:

ACpknDCex2 = 9,52, DCex2 = 3,75

Each |[example falls above the letgo-immobilization curve and fails\t0 meet a [letgo-

immolyilization TOUuCH CURRENT Ilimit of 5mA rm.s. / 7mA peak as described in
IEC TH 60479-2.
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1.1

Annex |
(informative)

AC power distribution systems (see 5.4)

General

In IEC 60364-1, a.c. power distribution systems are classified TN, TT and IT, depending on
the arrangement of current-carrying conductors and on the method of earthing. The classes
and codes are explained in this annex. Some examples of each class are given in the Figure

1.1 to

In the

— in
for

Figure 1.8; other configurations also exist.

figures:

most cases, the power systems apply for single-phase and three-phase)EQUIPMEN
simplicity, only single-phase EQUIPMENT is illustrated;

— the power sources may be transformer secondaries, motorzdriven generatg

un

- fo
bo

— 80
PO

The fq
mentiq

— SlIf

— sin
- tw
— th

- th

The s

nterruptible power systems;

transformers within a user’s building, some of the figures apply, and the b
undary represents a floor of the building;

me power systems are earthed at additional points,)for example at the power
nts of users’ buildings (see IEC 60364-4-41:2005).

llowing types of EQUIPMENT connection arestaken into account; the numbers of]
ned do not include conductors used exclusively for earthing:

gle-phase, 2-wire;
gle-phase, 3-wire;
Db-phase, 3-wire;

ee-phase, 3-wire;

ee-phase, 4-wire.

stem codes used have the following meaning.

irst letter: relationship of the power system to earth

I means_direct connection of one pole to earth;

means./system isolated from earth, or one point connected to earth throu
impedance.

— 5S¢

T but,

rs or

lilding

entry

wires

gh an

cond letter: earthing of the EQUIPMENT

o T means direct electrical connection of the EQUIPMENT to earth, independently of the

earthing of any point of the power system;

o N means direct electrical connection of the EQUIPMENT to the earthed point of the

power system (in a.c. systems, the earthed point of the power system is norma
neutral point or, if a neutral point is not available, a phase conductor).

— Subsequent letters, if any: arrangement of neutral and protective conductors

lly the

e S means the protective function is provided by a conductor separate from the neutral

or from earthed line (or, in a.c. systems, earthed phase) conductor;

e C means the neutral and protective functions are combined in a single conductor

(PEN conductor).
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TN power systems are directly earthed, the parts of the EQUIPMENT required to be earthed
being connected by protective earthing conductors. Three types of TN power systems are

considered:

— TN-S power system: in which a separate protective conductor is used throughout the

system;

— TN-C-S power system: in which neutral and protective functions are combined in a single

conductor in part of the system;

— TN-C power system: inwhich neutral and protective functions are combined in a
Ll J L

conductor throughout the system

single

Some|TN power systems are supplied from a secondary winding of a transformerthat has an
earthgd centre tap (neutral). Where the two phase conductors and the neutral ‘eonductor are
availaple, these systems are commonly known as single-phase, 3-wire power._systems.

Power source

— L1
 — L2 L2
Distribution
cable
- — 3 L3
N N
PE PE
‘7 E 1
— | L1 |
: L2, Buildi
‘ L3 | Bu ing
: N boundary
|
: PE |
— |
! Equipment |
N ’ IEC
Separate neutral and protective conductors
Power.source
L1 L1
L2 L2
Distribution
cable
L3 L3
PE PE
‘7 - -r- - —-—- - - == 1
— } L1
| L2 Buildi
i Building
| L3 | boundary
|
| |
|
! Equipment |
|
********************** ! IEC

Earthed line conductor

Figure 1.1 — Examples of TN-S power system
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Power source
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r— I L1
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13 cable
- L3
PEN ] N
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: 3 ! L3 | Building
| D | boundary
| N N
: I PE H I PE :
| . " . :
: Equipment : : Equipment :
= Building or Building or
installation 1 installation 2 JEC

The po|nt at which the PEN conductor is separated into protective earth and-neutral conductors may be

buildind entrance or at distribution panels within the building.

[

Equipment

Figure 1.2 — Example of TN-C-S power system
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|
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Neutral and protective functions combined in one conductor (PEN)

Figure 1.3 — Example of TN-C power system

at the
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Power source

1.3

TT po
earthe

L1
L1
PEN PEN Distribution
cable
L2
L2
e crrr |
| L1 :
| N
|
|
: L2 1 \Building
: [ | [ PE-. “boundary
)
! 120V 240V 120/240 V [
: Equipment Equipment Equipment !
I R D |
B IEC

Protective and neutral functions combined in one conductor (PEN)

This system is widely used in North Ameyicaat 120/240 V.
Figure 1.4 — Example of single-phase,3-wire TN-C power system
TT power systems

wer systems have one point directly-earthed, the parts of the equipment required
d being connected at the user's-premises to earth electrodes that are elec

indepg¢ndent of the earth electrodes, of the power distribution system.

Power source
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cable
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: l PE :
|
! Equipment |
! J
— IEC

Earthed neutral and independent earthing of EQUIPMENT

Figure 1.5 — Example of 3-line and neutral TT power system

to be
rically


https://iecnorm.com/api/?name=f4e933cc7546b5bf13867165d8e2a7db

IEC 60990:2016 © IEC 2016 - 51—

Power source
L1

L1
L2 Distribution
L2 cable
L3 L3
o rrr )
| LT
| L2 |
|
| L3 1 Building
! I boundary
! I PE |
! !
| |
| |

Equipment

IEC

Earthed line and independent earthing of EQUIPMENT
Figure 1.6 — Example of 3-line TT power system
1.4 IT power systems

IT power systems are isolated from earth, except-that one point may be connected tqg earth
through an impedance or a voltage limiter. Theparts of the EQUIPMENT required to be earthed
are cgnnected to earth electrodes at the user*s premises.

Power source

- — L1
- — 2 L2
Distribution
L3 cable
t PR L3
N N
oo rrr T 1‘
| L1
| L2 | Buidi
I Building
: L3 boundary
p—— ! N
- : I PE :
|
! Equipment |
! J
= IEC

The neutral may be connected to earth through an impedance or a voltage limiter, or isolated from earth.

This system is widely used isolated from earth, in some installations in France, with impedance to earth, at
230/400 V, and in Norway, with a voltage limiter, neutral not distributed, at 230 V line-to-line.

Figure 1.7 — Example of 3-line (and neutral) IT power system
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L2 L2 Distribution
cable
L3 L3
Building
boundary
]
Equipment
IEC

Figure 1.8 — Example of 3-line IT power system

The system may be isolated from earth.
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Annex J
(informative)

Routine and periodic touch current tests, and tests after
repair or modification of mains operated equipment

This annex defines methods and procedures to perform tests which reverify TOUCH CURRENT
according to design requirements from the product standard, during production (routine test),
after repair or modification and at periodic intervals during use.

The opj

simplg
interp
condit

Metho

Tests
meastl
appro

The E
excep

TOUCH

- if
- if

lim
- if

No ro
EQUIP]

procedures to achieve sufficient accuracy. Measuring results should be~e
et. Measuring equipment should be economical and easy to use under practicg
ons.

are to be carried out using the procedures of this standard’ with the apprg
ring network. Tests are to be performed under the envireédmental conditions
priate field or factory location.

| for the mains supply.

he limit is given as d.c. current, measure the d.c. and compare with the limit;

he limit is given in peak current,.mgeasure the peak current and compare with the
it;

Litine or periodic test is required for ELECTRIC BURN currents unless specified
NENT standard.

using
sy to
| field

priate
of an

QUIPMENT is to be tested in a stand-alone configuration without external connegtions,

CURRENT is to be measured and shall be ater below the limit defined in the EQUIPMENT
stand]zrd as follows:

peak

he limit is given in r.m.s. _current, measure the r.m.s. current and compare with the
r.m.s. limit.

by the
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Annex K
(normative)

Network performance and calibration

Network or instrument performance and initial calibration

Measured ratios of input voltage to input current (input impedance) and output voltage to
input current (transfer impedance or network response) are compared with ideal values
calculated from the nominal component values specified in Figure 3, Figure 4 and Fig

Care
capac
signifi

A gua
for ea
to ma

NOTE
value o

ure 5.

s taken in the arrangement of the test equipment circuitry so that intercomg
tance, lead inductance and characteristics of the voltage measuring device g
Cantly affect the voltage-current ratios.

rd band indicating the uncertainty of measurement at various frequencies is sp¢
ch instrument. The performance of measuring networks can, if necéssary, be ad
e the guard band narrower.

A definition of uncertainty of measurement is the characterization ,of the range within which {
a measurement is estimated to lie; this is a common term in metrology\and calibration.

NOTE 3 Guidance on adjusting the performance of measuring networks is _given in G.4.

The performance of a measuring network is cheekéd by passing variable freq
sinusqgidal current through the input of the instrumént/ test terminals A and B in Fid
Figurg 4 and Figure 5. The input current (/), inputivoltage (U) and output voltage (U4,
U3) ane measured at various frequencies. If possible, the output voltage is measured

same
certifi

voltmeter as will be used during all measurements on the EQUIPMENT for p
ation purposes and for all confirmation.procedures (see Clause K.2).

Table K.1 — Calculated input impedance and transfer impedance
for unweighted touch) current measuring network (Figure 3)

onent
o not

pcified
justed

he true

uency
ure 3,
Uy or
by the
roduct

Frequency Input impedance Transfer impedance
Hz U/I Uil T
20 1998 500
50 1990 500
60 1986 500
100 1961 500
200 1857 500
500 1434 500
1 000 979 500
2 000 675 500
5000 533 500
10 000 509 500
20 000 502 500
50 000 500 500
100 000 500 500
200 000 500 500
500 000 500 500
1 000 000 500 500
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Table K.2 — Calculated input impedance and transfer impedance
for startle-reaction touch current measuring network (Figure 4)

Frequency Input impedance Transfer impedance
Hz /i U,/ T
20 1998 500
50 1990 499
60 1986 498
100 1 961 495
200 1857 480
500 1433 405
1000 973 284

2 000 661 162,9
5000 512 68,3
10 000 485 34,4
20 000 479 17,21
50 000 477 6,89
100 000 476 3,45
200 000 476 1,722
500 000 476 0,689
1 000 000 476 0,345

Table K.3 — Calculated input impedance and transfer impedance for
letgo-immobilization current measuring network (Figure 5)

Frequency Input impedance Transfer impedance
Hz U/l Usl I
20 1998 500
50 1990 499
60 1986 499
100 1 961 496
200 1858 484
500 1434 427
1 000 976 340
2,000 667 251
5000 515 144,3
10 000 487 79,9
20 000 479 41,2
50 000 477 16,63
100 000 476 8,32
200 000 476 4,16
500 000 476 1,666
1 000 000 476 0,833
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K.2 Calibration in a confirmation system

K.2.1 General

NOTE A definition of metrological confirmation (shortened to “confirmation” in this standard) is a set of operations
required to ensure that a measuring equipment is in a state of compliance with requirements for its intended use.

Each instrument that is used to determine acceptability for the purpose of certification of
EQUIPMENT shall be routinely calibrated in a confirmation system to ensure that no drift of its
performance outside the limits of permissible error has occurred. Reference is necessary to
the guard band and other data recorded for the particular measuring instrument during its
initial calibration (see Clause K.1).

If a plarticular measuring instrument has drifted outside permissible limits, measuregments
made [on the EQUIPMENT with that instrument since the last confirmation calibration shall be
reviewed to check their validity.

Calibrption in a confirmation system is carried out in two steps.

K.2.2 Measurement of input resistance

The d.c. input resistance is measured and its value is checked against the ideal]|value
(2 004 Q) and the value determined during initial calibration.

NOTE |This measurement guards against the possibility that a shifts\in input impedance has occurred at the same
time that a shift occurs in the instrument response, resulting in addition or cancellation of errors.

K.2.3 Measurement of instrument performance

The ipput voltage and the output voltage (er‘milliamperes as indicated on the metgr) are
measured at various frequencies and the ratios compared to the data in Table K.4, Taljle K.5
or Taple K.6, as appropriate. If possible, the output voltage is measured by the|same
voltmgter as will be used for initial calibration and during all measurements on the EQUIPMENT
for prpduct certification purposes.xlDis sufficient to carry out the measurements at|a few
frequgncies over the whole frequéency range of interest as long as attention is given [to the
highen frequencies. The input.voltages used should be such as to produce output indidations
in thg range of the TOUCH“CURRENT limit values for which the measuring instrumient is
intended, subject to observing the power rating of internal components.

NOTE |Table K.4, Table(K.5 and Table K.6 are derived from Table K.1, Table K.2 and Table K.3 respectively but,
in ordef to simplify thénconfirmation procedure, the presentation of the data avoids the need to measufe input
currentjat high frequencies.
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Table K.4 — Output voltage to input voltage ratios for unweighted touch current
measuring network (Figure 3)

Frequency Output voltage to Input voltage to :anrpnl::llvi(a):;a%ie
Hz input voltage ratio output voltage ratio P indicatiol:i
20 0,250 4,00 2,00
50 0,251 3,98 1,99
60 0,252 3,97 1,99
100 0,255 3,92 1,96
200 0.269 3.72 1.86
500 0,349 2,87 1,43
1000 0,511 1,96 0,979
2 000 0,740 1,35 0,675
5000 0,937 1,07 0,533
10 000 0,983 1,02 0,509
20 000 0,996 1,00 0,502
50 000 0,999 1,00 0,500
100 000 1,00 1,00 0,500
200 000 1,00 1,00 0,500
500 000 1,00 1,00 0,500
1 000 000 1,00 1,00 0,500
Table K.5 — Output voltage to input voltage ratios for
startle-reaction measuring network (Figure 4)
Frequency Output voltage to Input voltage to :anrpnl::llvi::;a%?e
Hz input voltage ratio output voltage ratio P indicatiol:i
20 0,250 4,00 2,00
50 0,251 3,99 2,00
60 0,251 3,99 1,99
100 0,252 3,96 1,98
200 0,259 3,87 1,93
500 0,282 3,54 1,77
1 000 0,292 3,43 1,71
2 000 0,246 4,06 2,03
5 000 0,133 7,50 3,75
0 000 0,070 8 14,1 7,06
20,000 0,036 0 27,8 13,9
50 000 0,014 5 69,2 34,6
100 000 0,007 23 138 69,1
200 000 0,003 62 277 138
500 000 0,001 45 691 346
1000 000 0,000 723 1382 691
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for letgo-immobilization measuring network (Figure 5)

Frequency Output voltage to Input voltage to :anrpnl::llvi(a):;a%ie
Hz input voltage ratio output voltage ratio P indicatiol:i
20 0,250 4,00 2,00
50 0,251 3,99 1,99
60 0,251 3,98 1,99
100 0,253 3,95 1,98
200 0.261 3.83 1.92
500 0,298 3,36 1,68
1000 0,348 2,87 1,44
2 000 0,377 2,65 1,33
5000 0,280 3,57 1,79
10 000 0,164 6,09 3,04
20 000 0,086 0 11,6 5,81
50 000 0,034 9 28,7 14,3
00 000 0,017 5 57,2 28,6
P00 000 0,008 74 114 57,2
00 000 0,003 50 286 143
11000 000 0,001 75 572 286
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODES DE MESURE DU COURANT DE CONTACT ET DU COURANT

DANS LE CONDUCTEUR DE PROTECTION

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a pour

objdqt de favoriser la coopération internationale pour toutes les questions de normalisation dans les dg
de ['électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie dés

intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessi
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est‘confié
conjités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peld particig

maines
Normes
bles au
B a des
er. Les

organisations internationales, gouvernementales et non gouvernementales, en liaison avec'I'lEC, pafticipent

également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisatio
selgn des conditions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniques féprésentent, dans la
du possible, un accord international sur les sujets étudiés, étant donné que.les)yComités nationaux {
intéfessés sont représentés dans chaque comité d’études.

Les|Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
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dommage de quelque nature que ¢e soit, directe ou indirecte, ou pour supporter les colts (y compris |
de justice) et les dépenses_ découlant de la publication ou de l'utilisation de cette Publication de I'lE(
toute autre Publication de {lEC, ou au crédit qui lui est accordé.

L'atfention est attirée ,sur_les références normatives citées dans cette publication. L'utilisation de publ
référencées est obligatoire pour une application correcte de la présente publication.
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La Ndgrme‘internationale IEC 60990 a été établie par le comité d'études 108: Sécuri
appargils*électroniques dans le domaine de I'audio, de la vidéo, du traitement de l'information
et des technologies de la communication.

Cette troisieme édition annule et remplace la deuxiéme édition, parue en 1999. Cette édition
constitue une révision technique.

Cette édition inclut les modifications majeures suivantes par rapport a la deuxiéme édition:

les désignations des effets ont été mises a jour pour refléter la meilleure compréhension

de la plage des effets et s’accorder avec I'utilisation actuelle;

les conditions d’utilisation impliquant une PARTIE PREHENSIBLE ont été réduites pour

I'application des exigences fondées sur la compréhension actuelle de cet effet;
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les références a I'lSO 10012-1, qui a été remplacée par une norme de management portant

le méme numéro, ont été remplacées par un texte explicatif, le cas échéant, afin de
conserver le sens du document;

I’'ancienne Annexe H informative (PARTIE PREHENSIBLE) a été supprimée de cette mise a jour

car elle ne représente pas de maniére adéquate l'intégralité des conditions dans lesquelles
une immobilisation est susceptible de se produire. Une nouvelle Annexe H informative
(Analyse du mesurage de circuits de courant de contact avec filtre de fréquence) a été
ajoutée;

réf

érences supplémentaires par souci d’exhaustivité.

la Bibliographie (anciennement dénommée Annexe M) a été mise a jour avec des
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nditions normatives dans les tableaux: petits caractéres romains;
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INTRODUCTION

La présente Norme internationale a été élaborée pour répondre a des préoccupations
provenant de l'arrivée de nouvelles techniques de découpage a haute fréquence largement
appliquées dans les systémes d’alimentation et dans les MATERIELS, et qui provoquent des
courants et tensions harmoniques a haute fréquence.

La présente norme est destinée a servir de guide aux comités traitant de MATERIELS lors de la
préparation ou de la modification des spécifications d'essai dans leurs normes de mesure du
courant de fuite. Toutefois, le terme «courant de fuite» n'est pas utilisé pour les raisons
indiquées ci-apreés.

La prgsente norme a été initialement établie dans le cadre de la fonction fondamentale de
sécurité assignée au comité d’études 74 (désormais comité d’études 108), comme{suit.

Méthodes de mesure du courant de fuite

Ces méthodes incluent, pour divers types de MATERIELS, tous les aspegts_ qui se rappofrtent a
ce qu| est désigné par le terme «courant de fuite», y compris les méthodes de mesTre du
courant en ce qui concerne les effets physiologiques et les questions d'installation, dans les
conditfjons normales et dans certaines conditions de défaut.

Les njéthodes de mesure du courant de fuite décrites ci-aprés proviennent de I'étulde de
'IEC TS 60479-1 et d'autres publications, y compris les.descriptions de méthodes de mesure
précédlentes.

Les canclusions suivantes sont déduites de I'étude\des effets du courant de fuite:

— le jprincipal intérét pour la sécurité concefne le passage possible d'un courant nuigible a
travers le corps humain (ce courant n'est’pas nécessairement égal au courant traversant
le ponducteur de protection);

— l'effet du courant électrique traversant un corps humain s'est révélé étre sensiblement
plys complexe que dans les hypothéses retenues lors de I'élaboration des nprmes
antérieures, dans la mesure(ou il convient de prendre en compte plusieurs réponges du
cofps. Les réponses les (plus significatives pour établir les limites de sécurité polir des
fomes d’onde permanentes sont

e | la perception,
e | la réaction de\tressaillement,
¢ | le non-lacher/'immobilisation, et

e | la BRULURE ELECTRIQUE.

Chacynesde ces quatre réponses du corps a un niveau de seuil unique. D'importantes

différdnces—existent-aussi-dans-lamaniere-dont certains—de-ces-seuilsvarient enfonction de

la fréquence.

Deux types de courants ont été identifiés comme nécessitant des méthodes de mesure
différentes: le COURANT DE CONTACT et le COURANT DANS LE CONDUCTEUR DE PROTECTION.

Le COURANT DE CONTACT existe uniquement lorsque le corps ou un modéle de corps humain
est un chemin de passage du courant.

Il a été également noté que le terme «courant de fuite» a déja été appliqué a plusieurs
concepts différents: COURANT DE CONTACT, COURANT DANS LE CONDUCTEUR DE PROTECTION,
propriétés d’isolement, etc. En conséquence, dans la présente norme, le terme «courant de
fuite» n’est pas utilisé.
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Mesurage du COURANT DE CONTACT

Dans le passé, les normes de MATERIELS ont traditionnellement utilisé deux techniques pour
mesurer le courant de fuite. Soit le courant réel circulant dans le conducteur de protection
était mesuré, soit un simple réseau résistance/condensateur (représentant un modeéle simple
du corps humain) était utilisé, le courant de fuite étant défini comme le courant traversant la
résistance.

La présente norme fournit des méthodes de mesure pour les quatre réponses du corps au
courant électrique indiqué ci-dessus, utilisant un modéle du corps humain plus représentatif.

Ce madele du corps humain a éeté choisi pour les cas les plus courants de chocs electfiques
au sems général. En ce qui concerne le cheminement du courant et les conditions de cgntact,
un mqgdéle du corps humain est utilisé, représentant approximativement le confaet complet
main @ main ou main a pied en situation normale. Pour de petites surfaces deycontag¢t (par
exemple un petit contact de doigt), un modele différent peut étre approprié,"mais ce njodeéle
n’est pas abordé ici.

Parmilles quatre réponses, la réaction de tressaillement et le non-lacher/I'immobilisation sont
lies g la valeur de créte du COURANT DE CONTACT et vakient avec la fréquEence.

Traditlonnellement, les questions concernant les chocs électriqgues ont traité des fprmes
d'onde¢ sinusoidales, pour lesquelles les mesurages de valedrs efficaces conviennent le
mieux} Les mesurages de valeurs de créte sont plus appropriés pour les formes d'onde non
sinusqidales, pour lesquelles il est prévu des valeurs significatives du COURANT DE CONTACT,
mais gont également utilisables pour les formes d'onde) sinusoidales. Les réseaux spgcifiés
pour le mesurage de la réaction de tressaillement €t du non-lacher/de I'immobilisatipn ont
une rg¢ponse en fréquence et sont pondérés de, telle fagon que des valeurs limites ufiques
puissgnce-fréquence puissent étre spécifiées et référencées.

Toutefois, les BRULURES ELECTRIQUES sontiliées a la valeur efficace du COURANT DE CONTACT
et sont relativement indépendantes de.la fréquence. Pour les MATERIELS pour lesqugls les
BRULURES ELECTRIQUES peuvent étre_Significatives (voir 7.2), deux mesurages séparés sont
effectliés, un en valeur de créte pour les chocs électriques et un second en valeur efficace
pour l¢s BRULURES ELECTRIQUES, €hracun utilisant le circuit d’essai approprié.

Il convient que les comités de MATERIELS décident des effets physiologiques quj sont
acceplables et des effets\qui ne le sont pas et, a partir de |a, qu'ils décident des vpleurs
limiteg de courant. Des_comités concernés par certains types de MATERIELsS peuvent afopter
des procédures simplifiées, fondées sur la présente norme. Une discussion des vpleurs
limiteg, issue de-fravaux antérieurs de différents comités de MATERIEL de I'|EC, est dornée a
I’Annégxe D.

Mesunage\di COURANT DANS LE CONDUCTEUR DE PROTECTION

Dans certains cas, il est exigé de mesurer le COURANT DANS LE CONDUCTEUR DE PROTECTION
des MATERIELs dans les conditions normales d'utilisation, notamment:

— pour le choix d'un dispositif de protection a courant résiduel,

— pour la détermination du moment auquel un circuit de terre de protection de haute intégrité
de protection est exigé,

— pour prévenir toute surcharge excessive de COURANT DANS LE CONDUCTEUR DE PROTECTION
dans l'installation électrique.

Le COURANT DANS LE CONDUCTEUR DE PROTECTION est mesuré par insertion d'un ampéremeétre
d'impédance négligeable en série avec le conducteur de mise a la terre de protection du
MATERIEL.
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METHODES DE MESURE DU COURANT DE CONTACT ET DU COURANT
DANS LE CONDUCTEUR DE PROTECTION

1 Domaine d'application

La présente Norme internationale définit des méthodes de mesure pour

— les courants continus ou les courants alternatifs de forme d’onde sinusoidale ou non
sinpsoTdate quipeuventtraverser te corps i, et

— les|courants qui peuvent circuler dans un conducteur de protection.

Les méthodes de mesure recommandées pour le COURANT DE CONTACT sont basees dur les
effets| possibles provoqués par le passage du courant dans le corps_humain. Dans la
présemte norme, les mesurages de courant a travers des réseaux représentant I'impédance
du cofps humain sont appelés mesurages du COURANT DE CONTACT. Les-réseaux utiligés ne
sont plas nécessairement valables pour des animaux.

La spécification ou I'implication de valeurs limites spécifiques, ne)fait pas partie du domaine
d'appljcation de la présente norme. La série IEC TS 60479 fournit des informlations
concefnant les effets du courant traversant le corps humaijn} a partir desquelles des vpleurs
limiteg peuvent étre déduites.

La prgsente norme est applicable a toutes lessclasses de MATERIELS, conforménjent a
I'IEC 61140.

Les méthodes de mesure indiquées dans la>présente norme ne sont pas destinées p étre
utiliséps pour

els COURANTS DE CONTACT de durée’inférieure a 1 s,

eis courants patients tels qu'ils.sont définis dans I'l|EC 60601-1,

es courants alternatifs de fréquence inférieure a 15 Hz, et

€s courants supérieurs aux courants choisis pour les limites de BRULURE ELECTRIQUE.

La présente publicatien_fondamentale de sécurité est destinée principalement a étre |tilisée
par lds comités diétudes lors de la préparation de normes conformément aux pripcipes
figuranpt dans le Guide IEC 104 et le Guide ISO/IEC 51. Elle n'est pas destinée a étre utilisée
par leg fabricants ou les organismes de certification indépendants de normes de produif.

L'une |des.responsabilités d'un comité d'études est d'utiliser, pour la préparation de ses
publicptions, les publications fondamentales de sécurité, lorsque celles-ci sont applicdables.
Les exigences, méthodes d’essai ou conditions d’essai de la présente publication
fondamentale de sécurité s'appliquent uniquement lorsqu'elles sont incorporées ou
spécifiquement mentionnées dans les publications appropriées.

2 Reéférences normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la
derniére édition du document de référence s’applique (y compris les éventuels
amendements).
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IEC TS 60479-1:2005, Effets du courant sur ’lhomme et les animaux domestiques — Partie 1:
Aspects généraux

IEC TS 60479-2:2007, Effets du courant sur ’homme et les animaux domestiques — Partie 2:
Aspects particuliers

IEC 61140, Protection contre les chocs électriques — Aspects communs aux installations et
aux matériels

Guide ISO/IEC 51:2014, Aspects liés a la sécurité — Principes directeurs pour les inclure
dans les normes

Guide| IEC 104:2010, The preparation of safety publications and the use of basie |safety
publichtions and group safety publications (disponible en anglais seulement)

3 Termes et définitions
Pour Ips besoins du présent document, les termes et définitions suivahts’s'appliquent.

3.1
COURANT DE CONTACT
courant électrique passant dans le corps humain ou dans le-corps d’un animal lorsqu’il st en
contag¢t avec une ou plusieurs parties accessibles d’unednstallation ou de MATERIELS

[SOURCE: IEC 60050-195:1998, 195-05-21]

3.2
COURANT DANS LE CONDUCTEUR DE PROTECTION
couranmt circulant dans un conducteur de protection

3.3

MATERIEL
enseable organisé de composants et de caractéristiques électromécaniques visant a realiser
une tjche définie (comme spécifié dans la norme de produit applicable)

Note 1 g I'article:  S’il n’est(pas spécifié dans la norme applicable, voir Annexe A.

3.4
PARTI§ PREHENSIBLE
partie|du MATERIEL qui peut fournir un courant dont le passage a travers la main humaine
provoque des“contractions musculaires autour de la partie et une incapacité de lacher

Note 1 [a_ Varticle: Des parties qui_sont destinées a étre tenues avec la _main_entiére _sont considéré¢es par
hypothése comme préhensibles, sans autre investigation.

3.5

BRULURE ELECTRIQUE

brilure de la peau ou d'un organe, causée par le passage superficiel ou en profondeur d'un
courant électrique

[SOURCE: IEC 60050-604:1987, 604-04-18]
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4 Emplacement d'essai

4.1

Environnement de ’emplacement d'essai

Les exigences concernant I'environnement de I'emplacement d'essai doivent étre conformes
aux spécifications de la norme du MATERIEL. Si des valeurs limites inférieures a 70 pA en
valeur efficace ou 100 pA en valeur de créte sont spécifiées, ou si le MATERIEL contient de
larges écrans qui peuvent étre parcourus par des signaux haute fréquence, les comités de
produits doivent se référer a I'Annexe B.

4.2

Transformateur d’essai

L’utilis
maxin
Figurg
en esg
dans

MATERIEL en essai, le secondaire du transformateur d’essai et le MATERIEL en essai d

étre |3
d'ess§

Si le fransformateur T n’est pas utilisé, le MATERIEL en essai‘doit étre monté sur un s

isolan
corps

4.3

Un MA
étre s

NOTE

Il con

MATERIEL en essai aient une différence de potentiel inférieure a 1 % de la tension

phase

Un transformateur local, Voir'4.2, permet de satisfaire a cette exigence.

En v4g
suivar
mesuf

— CO
ne

ation d’un transformateur d’essai pour l'isolement est facultative. Pour une-sd
ale, un transformateur d’essai pour l'isolement (T2 a la Figure 2, T de Figure
14) doit étre utilisé et la borne principale de mise a la terre de protection.du MA
ai (EUT — Equipment under test) doit alors étre mise a la terre. Toute-capacité d
e transformateur doit alors étre prise en compte. En variante a lajse a la te

issés flottants (non mis a la terre), auquel cas la capacité decfuite du transforn
i n’a pas besoin d’étre prise en compte.

et des précautions de sécurité appropriées doivent étre prises étant donné
du MATERIEL en essai peut se trouver a une tension dangereuse.

Conducteur neutre mis a la terre

TERIEL prévu pour étre connecté a un schéma de distribution d'énergie TT ou T
bumis a I’essai avec une tension minimalé’entre neutre et terre.

Des descriptions des différents schémas_de,distribution d'énergie sont données a I’Annexe |I.

vient que le conducteur de protection et le conducteur neutre mis a la terre p

s (voir exemple a la Figure1).

riante, si la_différence de potentiel est supérieure ou égale a 1 %, les ex
ts donnentsdes méthodes qui, dans certains cas, permettent d’éviter les erre
e dues a-cétte différence de potentiel:

hnexion de I'électrode de la borne B du réseau de I'appareil de mesure a la bo
utre du matériel en essai au lieu du conducteur de mise a la terre de protectio

curité
6 a la
TERIEL
e fuite
rre du
oivent
nateur

Lpport
que le

N doit

our le
entre

mples
rs de

ne de
n (voir

6.1

7) de I'alimentation:

conducteur de mise a la terre de protection, de I'alimentation.

connexion de la borne de terre du matériel en essai au conducteur de neutre, au lieu du
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Figure 2 — Exemple de neutre mis\a-a terre,
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Figure 1 — Exemple de neutre mis a la terre, alimentation directe
Transformateur d'essai
pour l'isolement
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de l'installation
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- | Matériel
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avec transformateur pour l'isolemse

esurages doivent étre effectués a I'aide d'un des réseaux de la Figure 3, de la Fi

VoirdlessAnnexes E, F et G pour de plus amples informations sur ces trois réseaux.
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nt
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Bornes d'essai
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R 1500 Q
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Figure 3 — Réseau de mesure,

Courant de contact
(non pondéré)

1
500 (valeur effcace)
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courant de contact non pondéré
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Figure 4 — Réseau de mesure, courant de contact pondéré pour lajperception
ou la réaction de tressaillement

Courant de’ contact pondéré
(non-lacher-immobilisation)

2

norme
créte.

5.1.3

Non-lacher/immobilisation

cuit . doit étre appliqué lorsque la valeur

lim

| s = WB’O (valeur créte)
R
Bornes d'essai —2A
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B R 1
i U, 3 —c, U
\i I Cz
IEC
R, 1500 © , 20 000 0
R, 500 , 0,006 2 uF
c, 0,22 uF c, 0,009 1 uF
R 10 000 ©

Pour les conditions spéciales d’utilisation de ce réseau, voir 5.1.2.

Figure(5)~ Réseau de mesure, courant de contact pondéré
pour le non-lacher / Pimmobilisation

Perception et réaction de tressaillement

eau(de la Figure 4 doit étre utilisé pour les limites de choc électrique de faible njiveau.
ite du courant alternatif indiquée dans la

bur de

Le réseau de la Figure 5 doit étre utilisé pour les limites de choc électrique de niveau élevé.
Ce circuit doit étre appliqué lorsque la valeur limite du courant alternatif indiquée dans la
norme de produit est supérieure a 2 mA en valeur efficace ou 2,8 mA en valeur de créte.

5.1.4

Brilures électriques (courant alternatif)

Le réseau de COURANT DE CONTACT non pondéré de la Figure 3 doit étre utilisé.
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5.1.5 Courant continu sans ondulation
L'un quelconque des trois réseaux doit étre utilisé. Sauf spécification contraire dans la norme

du MATERIEL, le courant continu sans ondulation signifie moins de 10 % d'ondulation créte a
créte.

5.2 Electrodes d'essai
5.21 Construction

Sauf spécification contraire dans la norme du MATERIEL, les électrodes d'essai doivent étre

- un clip d'essal, ou

|
c

ne feuille de métal de 10 cm x 20 cm représentant la main humaine. Si-une [feuille
aglhésive est utilisée, I'adhésif doit étre conducteur.

5.2.2 Connexion

Les électrodes d'essai doivent étre connectées aux bornes A et B du réseau de mesure

5.3 |Configuration

Le MATERIEL en essai doit étre complétement assemblé et prét pour ['utilisation dans la
configuration maximale; il doit étre connecté a des tensions.de signal externes lorsqug cela
est aplplicable, suivant les spécifications du fabricant podr un seul MATERIEL.

Les MATERIELS qui sont prévus pour des sources d’alimentation multiples et pour lesquefs une
seule plimentation est exigée a la fois (par exemple pour alimentation de secours) ne doivent
étre spumis a I'essai qu’avec une seule sourcecconnectée.

Les MATERIELS pour lesquels une alimentation simultanée a partir de deux sources ol plus
est exigée doivent étre soumis a I'essairavec toutes les sources connectées mais avegc pas
plus dfune connexion a la terre de protection.

5.4 |Connexions a I’alimentation pendant I'essai
5.4.1 Généralités
NOTE [Des exemples de schémas de distribution d’énergie sont donnés a I’Annexe |I.

Le MATERIEL doitw€tre connecté dans une configuration d’essai comme représenté|de la
Figurdq 6 a Figufe=14, conformément a 5.4.2, 5.4.3 ou 5.4 .4, selon le cas.

Il conyient que les comités de MATERIELS considérent le besoin éventuel pour le fabricant
d'idenfifier les schémas de distribution d'énergie (TN, TT, IT) auxquels un MATERIEL est
destinga&treTetiedamssomutitisatiom firrate:

Si le fabricant spécifie que le MATERIEL en essai ne peut étre utilisé que dans certains
schémas de distribution d'énergie, le MATERIEL ne doit étre soumis a I’essai que lorsqu'il est
relié a ces schémas.

Un MATERIEL devant étre connecté uniquement a des schémas TN ou TT doit satisfaire a
5.4.2. Un MATERIEL devant étre connecté a des schémas IT doit satisfaire a 5.4.3 et peut
aussi étre connecté a des schémas TN ou TT.

Pour les MATERIELS de la classe 0 et de la classe Il (voir IEC 61140), il n'est pas tenu compte
des conducteurs de protection représentés de la Figure 6 a la Figure 14 incluses.
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Figure 6 — Matériel monophasé dans un schéma étoile TN ou TFT
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re 7 — Matériel monophasé dans un schéma TN ou TT avec point milieu a la terre
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ns un schéma étoile TNou TT
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Il convignt que la résistance de 1 000 Q soit adaptée pour les défauts du systeme dialimentation.

Figufe 9 — Matériel monophasé connecté entre phase et neutre‘dans un schéma dtoile
IT
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Il convignt que la résistance de 1 000 Q soit adaptée pour les défauts du systéme d'alimentation.

Figure 10(-)Matériel monophasé connecté entre phases dans un schéma étoile(IT
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Figure 11 — Matériel triphasé dans un schéma étoile TN)ou TT
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bnt que la résistance de 1 000 Q soit adaptée pour les défauts du systéme d'alimentation.

Figure 12 — Matériel triphasé dans un schéma étoile IT
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Figure 13 — Schéma triangle non mis a la terre
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te I'alimentation
\
o'% JL J
(défaut phase) |
T \
Ol/r L
Alimentation |
| ! L
ot ¢ I
\
(sélection de X . | -,
mise 4 la terre de g ‘ (défaut du conducteur de terre) | pp | Materlell
. g f—M — en essai
la prise médiane) e
B\ A
Réseau de mesure e
Lorsqu'pin MATERIEL contient a la fois une charge triphasée et une charge monophasée dont le point milieu ¢st relié
a la terre, et lorsquele) c6té mis a la terre est identifié, le commutateur g doit rester dans la position identifiée
comme|correspondant au coté relié a la terre.
Figufre 14 = Matériel triphasé dans un schéma triangle avec point milieu mis a la terre
5.4.2 L. ™ . . L

d'énergie étoile TN ou TT

Un MATERIEL triphasé doit étre connecté a un schéma de distribution d'énergie triphasé étoile
avec le neutre a la terre. Un MATERIEL monophasé doit étre connecté entre phase et neutre
d'un schéma de distribution d'énergie ayant le neutre a la terre ou, s'il est spécifié par le
fabricant comme pouvant étre utilisé de cette maniere, entre phases d'un schéma de
distribution d'énergie étoile triphasé dont le point milieu est relié a la terre (voir Figure 6,
Figure 8 et Figure 11).

5.4.3 Matériel pour utilisation dans des schémas de distribution d'énergie IT, y
compris les schémas triangle non reliés a la terre

Un MATERIEL triphasé doit étre connecté a un schéma d'alimentation triphasé IT approprié. Un
MATERIEL monophasé doit étre connecté entre phase et neutre ou, s'il est spécifié par le
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fabricant comme pouvant étre utilisé de cette maniére, entre phases (voir Figure 9, Figure

10, Figure 12 et Figure 13).

5.4.4 Matériel pour utilisation dans des schémas d'alimentation monophasés dont le
point milieu est a la terre ou dans des schémas d'alimentation triangle dont le

point milieu est a la terre

Un MATERIEL monophasé doit étre connecté a l'alimentation ayant sa prise médiane reliée a la

terre (voir Figure 7 et Figure 14).

Un MATERIEL triphasé doit étre connecté a I'alimentation triangle appropriée (voir Figure

14).

5.5 |Tension et fréquence d'alimentation
5.5.1 Tension d'alimentation

La tension d'alimentation doit étre mesurée aux bornes d'alimentation du MATERIEL.

Traditlonnellement, le COURANT DE CONTACT était a son maximum a_laitension d’alimer

tation

la plup élevée. Les alimentations électroniques modernes ne fournissent pas toujodrs un

COURANT DE CONTACT maximal dans ces conditions d’alimentation. Le COURANT DE CO
peut tre maximisé a la tension la plus basse, c’est-a-dire Fappel de courant maxim
dans ¢’autres conditions. Une protection contre les chocs électriques doit étre assurésd
les copditions de fonctionnement du cas le plus défavorable-

Un MATERIEL ayant une seule tension assignée deit étre soumis a I'essai a sa g
assigrnée, majorée d'une tolérance de travail appropriée pour tenir compte des variatig
I'alimgntation.

Un MATERIEL ayant une plage de tensionsinominales doit étre soumis a I’essai aux V|

NTACT
al, ou
dans

ension
ns de

aleurs

extrémes de la plage de tensions, majorée d'une tolérance de travail appropriée pour tenir

compte des variations de l'alimentation: La tolérance de travail est déterminée par le

de MATERIEL ou par le fabricant, si neécessaire (par exemple 0 %, -10 %, +6 % ou +10 %).

Un MATERIEL ayant différentes tensions nominales ou différentes plages de te

comité

hsions

nomingles, par utilisation d'un sélecteur de tension, doit étre réglé pour la tension nominale

ou la [plage de tensionstnominales la plus élevée, puis traité comme ci-dessus. Lors
changement de tension/implique des commutations plus complexes qu'un réaménag
des enroulements d'un’transformateur, des essais complémentaires peuvent étre néces
pour déterminer l&¢as le plus défavorable.

S'il n'g¢st pas-pratique d'effectuer I'essai sur un MATERIEL a la tension spécifiée, il est at
d'effe¢tuert’essai a une tension quelconque disponible, comprise dans la plage assigr

hue le
ement
saires

torisé
ée du

MATERIEL \€t, ensuite, de calculer les résultats.

5.5.2 Fréquence d'alimentation

La fréquence d'alimentation doit étre la fréquence nominale maximale assignée ou, en

variante, les mesurages peuvent étre corrigés par calcul pour I'estimation du courant d
cas le plus défavorable.

ans le
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6 Procédure d'essai

6.1 Généralités
6.1.1 Mesurages du courant de contact

Les comités de produits peuvent souhaiter exclure les mesurages du COURANT DE CONTACT
sur certaines parties accessibles, en se basant sur le principe de la limitation de la tension
(voir IEC 60364-4-41). Dans ce cas, les mesurages doivent étre effectués pour les tensions
accessibles et ensuite, si nécessaire, pour des COURANTS DE CONTACT pondérés ou non
pondérés, conformément a I'Article 6.

Les eiifets des BRULURES ELECTRIQUES sont a prendre en compte avec un courant continp ou a
haute |fréquence (par exemple fréquence supérieure a 30 kHz pour un COURANT,DE.CONTACT
de 3,6 mA). A des fréquences plus basses, la réaction de tressaillement ‘et lel non-
lacher/l'immobilisation sont les phénoménes prédominants. Si de tels effets sont pris en
compte, la valeur efficace non pondérée du COURANT DE CONTACT doit étre 'mesurée (Figure
3), en|plus des mesurages concernant la réaction de tressaillement (Figure“4) ou l'incapacité
de lacher (Figure 5).

6.1.2 Auxiliaires de commande, matériel et conditions d'alimentation

Pendgnt les mesurages du COURANT DE CONTACT, I'environnemeént d'essai, la configuratjon, la
mise 3 la terre et le systéme d'alimentation doivent étre conformes a 5.3, 5.4 et 5.5.

Afin dlobtenir les valeurs de courant les plus élevéés possibles pendant les mesuraggs, on
doit fdire varier la configuration par la connexion et\la déconnexion d’unités faisant paftie du
MATERIEL, comme [|'autorisent les instructionsidu fabricant pour le fonctionnemg¢nt et
I'installation.

Les alixiliaires de commande e, g, |, n.epp représentés de la Figure 6 a la Figure 14 doivent
étre ationnés comme décrit en 6.2, pendant que les conditions énumérées dans le présent
paragfaphe et en 6.2.1 font chacune, indépendamment les unes des autres, I'objet de
variations de maniére a obtenif\la ou les valeurs maximales mesurées. Les comilés de
produits doivent faire une sglection appropriée des variables obtenues. L’ajout récent du
FONCTIONNEMENT ANORMAL comme condition de fonctionnement dans les normes de produits
liées aux installations électriques (par exemple, un défaut du conducteur de protection ou
I'incapacité d’assurer/la” polarité de [Ialimentation) clarifie les conditions d’essfai en
FONCTJONNEMENT NORMAL et dans les CONDITIONS DE DEFAUT a appliquer par la suite.

6.1.3 Utilisation des réseaux de mesure

Des 4§lectrodes de mesure (voir 5.2), un réseau de mesure (voir 5.1) et un disposftif de
mesure (voir G.4) appropriés doivent étre utilisés conformément aux schémas apprppriés
reprédentes de la Figure 6 3 la Figure 14 (voir 5.4) pour effectuer les mesurages du COURANT
DE CONTACT entre les parties simultanément accessibles, et entre les parties accessibles et la
terre.

L'électrode de la borne A doit étre appliquée successivement a chaque partie accessible.

Pour chaque application de I'électrode de la borne A, I'électrode de la borne B doit étre
appliquée a la terre, puis appliguée successivement a chacune des autres parties
accessibles.

Pour les systémes d'alimentation avec un conducteur d'alimentation mis a la terre, I'électrode
de la borne B peut étre reliée directement au conducteur d'alimentation mis a la terre a
I'interface du MATERIEL en essai et de I'alimentation, au lieu d'étre reliée au conducteur de
protection. Cette connexion peut étre utilisée méme si la différence de potentiel entre le
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conducteur de protection et le conducteur d'alimentation mis a la terre est supérieure a 1 %
de la tension entre phases (voir 4.2).

6.2 Fonctionnement normal et conditions de défaut du matériel
6.2.1 Fonctionnement normal du matériel

L'essai est effectué avec la borne A du réseau de mesure reliée successivement a chaque
circuit ou partie accessible conductrice ou non mise a la terre, avec tous les commutateurs
d’essai |, n et e fermés.

Les mesurages doivent Atre  offectuds dans toutes les conditions nppllr\ahl s de

fonctignnement normal.

Exemples de fonctionnement normal: mise sous tension, mise hors tension, régime de |veille,
démairage, chauffage, tout réglage des commandes utilisables par I'opérateur a I'exception
des commandes de réglage de la tension d'alimentation.

Un MATERIEL monophasé doit étre soumis a I’essai en polariieé) normale et igverse
(commutateur p).

Un MATERIEL triphasé doit étre soumis a I’essai avec inversigh”des phases, a moins que le
fonctipnnement du MATERIEL ne dépende du phasage.

6.2.2 Conditions de défaut du matériel et de I'alimentation
6.2.2. Généralités

Pour Ips MATERIELS n’ayant pas de connexion@ la terre, 6.2.2 ne s’applique pas.

Pour les MATERIELS ayant une connexie®’ de terre de protection ou une connexion de terre
fonctignnelle, la borne A du réseau de mesure est connectée a la borne de terre du MAJTERIEL
en essai.

Les mesurages doivent étre( effectués avec chacune des conditions de défaut applicables
spéciflées de 6.2.2.2 a 6,2:2.9 inclus. Les défauts doivent étre appliqués I'un aprés |'autre
mais |doivent inclure tout® défaut qui soit le résultat logique du premier défaut. [Avant
I'application d'un défaut, le MATERIEL doit étre remis dans ses conditions initiales (par
exemple, sans défaut-ni dommage en résultant).

Si un ffiltre de{ligne équilibré est utilisé dans un MATERIEL triphasé, le courant net a I3 terre
résultant est-théoriquement égal a zéro. Toutefois, il est normal qu'un composant ¢t une
tension déséquilibrés produisent une valeur finie du courant net, dont la valeur maximale
peut ne'pas étre mesurée lors d'un essai de type. Des courants déséquilibrés plus impgrtants
résultent d'une défaillance d'un condensateur dans une phase. Il convient que les comités de
MATERIELS envisagent l'introduction d'un essai pour de tels MATERIELS, prévoyant la
substitution d'un défaut délibéré du filtre (un condensateur débranché) ainsi qu'un défaut de
la connexion de terre de protection (voir 6.2.2.2).

Des considérations analogues s'appliquent a des dispositions équilibrées d'autres
composants tels que parafoudres, reliés entre le réseau d'alimentation et la terre.

Un MATERIEL triphasé doit étre soumis a I’essai avec inversion des phases, a moins que le
fonctionnement du MATERIEL ne dépende du phasage.
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6.2.2.2 Condition de défaut n° 1

En fonction du type de MATERIEL, plusieurs degrés de sécurité du conducteur de protection
doivent étre distingués (voir IEC 61140).

Un MATERIEL monophasé non relié de fagon slre a la terre doit étre soumis a I'essai avec
défaut de la connexion de terre de protection (commutateur €) en combinaison avec la
polarité normale et inverse (commutateur p).

Un MATERIEL triphasé non relié a la terre de fagon sire doit étre soumis a I'essai avec défaut
de la connexion de terre de protection (commutateur e).

A moips d'une décision contraire du comité de produits, les exigences du présent paragraphe
ne s'gppliquent pas aux MATERIELS reliés de fagon s(re a la terre qui sont ¢onnecgtés a
I'alimgntation soit de fagon permanente, soit par l'intermédiaire de prises(et de focles
industriels (par exemple prises et socles spécifiés dans I'lEC 60309-1 oucdans une horme
nationjale équivalente).

6.2.2.3 Condition de défaut n° 2

Un MATERIEL monophasé doit étre soumis a l'essai avec le neutre interfompu
(comnputateur n), avec la terre intacte et en polarité normalejcet ensuite en polarité ipverse
(commutateur p).

6.2.2.4 Condition de défaut n° 3

Un MATERIEL destiné a étre utilisé dans les schémas IT doit étre soumis a I’'essai en mgttant,
a tour|de réle, chaque conducteur de phase défectueux a la terre (commutateur g).

6.2.2.9 Condition de défaut n° 4

Un MATERIEL triphasé doit étre soumis-a l’essai en ouvrant, a tour de role, chaque condpcteur
de phase (commutateurs I).

6.2.2.6 Condition de défaut'n° 5

Un MATERIEL monophasé, destiné a étre utilisé dans des schémas d'alimentation IT o4 dans
des sthémas triphaséstriangle doit étre soumis a I’'essai dans un schéma d'alimentation
triphagé, chaque phase défectueuse mise a la terre a tour de rbéle (commutateur g), en
combipaison aveec.polarité normale et inverse (commutateur p) et séparément avec ouverture
de chpque conducteur de phase a tour de rbéle (commutateurs|), et en combinaisorn avec
polarifé normale et inverse (commutateur p).

6.2.2.7 Condition de défaut n° 6

Un MATERIEL triphasé destiné a étre utilisé dans des schémas d'alimentation triangle dont le
point milieu est relié a la terre doit étre soumis a I’essai dans un schéma d'alimentation
triangle, chaque point milieu de branche étant relié a la terre, a tour de réle (commutateur g).

Un MATERIEL comprenant a la fois des circuits triphasés et des circuits dont le point milieu est
relié a la terre, qui ne peuvent étre installés indépendamment et dont une branche mise a la
terre a été identifiée, doit étre soumis a I'essai avec le commutateur g réglé uniquement sur
la position correspondant a la branche mise a la terre identifiée.

6.2.2.8 Condition de défaut n° 7

D'autres défauts, comme spécifiés par le comité de produits, doivent étre simulés s'ils sont
susceptibles d'augmenter le COURANT DE CONTACT.
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6.2.2.9 Condition de défaut n° 8

Les parties conductrices accessibles qui ne sont que fortuitement reliées électriquement a
d'autres parties doivent étre soumises a I'essai, d'une part, lorsqu'elles sont reliées
électriquement a ces autres parties et, d'autre part, lorsqu'elles ne sont pas reliées
électriquement a ces autres parties. Voir I'"Annexe C pour ce qui concerne les parties
connectées fortuitement.

7 Evaluation des résultats

7.1 Perception, réaction de tressaillement et non-lacher/immobilisation

Les tgnsions U, et U, de la Figure 4et de Figure 5 sont des valeurs de U1 pondérges en
fréqugnce de telle maniére qu'une indication unique équivalente en basse fréquence poit le
résultat du COURANT DE CONTACT pour toutes les fréquences supérieures a 15 Hz. 'Ces vpleurs
pondérées du COURANT DE CONTACT sont prises comme étant les plus fortes valeurs dg U, et
U, mesurees pendant la procedure de I'Article 6, divisées par 500 Q. Les maleurs maximales
sont gomparées aux limites pour la perception ou la réaction de tressdillement et |¢ non-
lachen/l'immobilisation spécifiées pour le MATERIEL (par exemple valeur limite a 50 Hz ou
60 Hz).

Les mesurages pour les limites en courant continu sont réalises“de la méme maniéref mais
en prgnant U1 divisé par 500 Q (voir aussi Annexe G).

7.2 |Effets des brilures électriques

Si les|effets de BRULURES ELECTRIQUES sont a prendre en compte (voir 6.1), la valeur efficace
non ppndérée ou la valeur en courant continu di'COURANT DE CONTACT est mesurée.| Cette
valeur| est calculée a partir de la tension efficace U1, mesurée aux bornes de la résigstance
de 500 Q du réseau de mesure de la Figure 3.

L'effeff du COURANT DE CONTACT dépend’aussi de la surface de contact avec le corps hfumain
et de|la durée du contact. Le rapport entre ces paramétres et la fixation des Iimiles du
COURANT DE CONTACT ne reléveni;pas du domaine d’application de la présente norme (voir
aussi |'Article D.3).

NOTE |Les BRULURES ELECTRIQUES proviennent de la puissance dissipée par le courant circulant a trdvers la
résistarjce de la peau et du corps humains. D'autres formes de brilures peuvent provenir du MATERIEL électrique,
par exemple a cause d'un arc*ou des dérivés d'un arc.

8 Mesurage duicourant dans le conducteur de protection

8.1 Généralites

Les ekigences et les valeurs du courant dans les conducteurs de protection n'ont gas de
relatign~avec le COURANT DE CONTACT. Par conséquent, leurs limites et méthodes de mesure
sont traitées séparément.

8.2 Matériels multiples

Dans le cadre de MATERIELS individuels mis a la terre de fagon commune, les COURANTS DANS
LES CONDUCTEURS DE PROTECTION se combinent de fagon non arithmétique. C'est pourquoi le
COURANT DANS LE CONDUCTEUR DE PROTECTION d'une installation mise a la terre par un seul
conducteur de mise a la terre de protection ne peut étre convenablement estimé a partir de la
connaissance des COURANTS DANS LES CONDUCTEURS DE PROTECTION DES MATERIELS
individuels. En conséquence, les mesurages sur un MATERIEL individuel sont de peu d'intérét
et le COURANT DANS LE CONDUCTEUR DE PROTECTION pour ce groupe de MATERIELS doit étre
mesuré dans le conducteur commun de mise a la terre de protection.
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8.3 Méthode de mesure

Le COURANT DANS LE CONDUCTEUR DE PROTECTION doit étre mesuré aprés l'installation de tous
les MATERIELS, par insertion d'un amperemeétre d'impédance négligeable (par exemple 0,5 Q)
en série avec le conducteur de protection. Le mesurage du COURANT DANS LE CONDUCTEUR DE
PROTECTION est effectué avec le MATERIEL et le schéma de distribution d'énergie fonctionnant
dans tous les modes normaux de fonctionnement.
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Annexe A
(normative)

Matériel

Sauf indication contraire dans la norme de MATERIEL, le MATERIEL est identifié comme ayant
une seule connexion a une source électrique.

Un MATERIEL peut étre une seule unité ou peut étre constitué d'unités physiquement
indépendantes et électriquement interconnectées (voir Figure A.1). L'alimentation électrique

eut Atra-contapniia-danc la s
p Qe CoOTrtCT ot

L

coteac—aalairac-or-battariac)

La cohnexion des cables signaux doit étre considérée comme faisant partie du-MAT

confoqmément a 5.4.

Une unité, un matériel

nar-avamonle
CratrSTC v e e (Pt S AT PTCT—SoOuT CC oS0t o OT—oattCTie oy

Trois unités, trois matériels

IEC
Légende

BB Connexion a I'alimentation compatible avec I'alimentation locale

*—e Connexion a I'alimentation non prévue pour étre reliée directement a I'alimentation locale
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oe vratetrer

Figure A.1 — Matériel

ERIEL,
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Annexe B
(normative)

Utilisation d'un plan conducteur

Lorsque des limites du COURANT DE CONTACT (avec ou sans pondération en fréquence) de
moins de 70 uA en valeur efficace ou de 100 pA en valeur de créte sont spécifiées, ou
lorsque le MATERIEL soumis a l'essai présente un important couplage capacitif avec des
surfaces extérieures qui peuvent, de ce fait, étre parcourues par des courants a haute
fréquence (par exemple des générateurs de signaux a haute fréquence et des appareils de

La su
surfadg

Les m
condu

Les m
du MA

Pour
néces
0,5m

repose sur une surface isolante (voir Figure B.1).

face et le périmétre du plan conducteur doivent étre égaux ou supériedrs a ceux
e adjacente du MATERIEL.

[ERIEL qui peut devenir adjacente a un plan condugteur extérieur.
saire de placer le MATERIEL (y compris le¢plan conducteur, s'il est utilisé) a au

d'autres conducteurs ou d'autres MATERIELS:

Matériel en essai

Surface isolante

|\U Plan cenducteur

IEC

Figure B.1 — Plate-forme d'essai

ement
ne surface conductrice placée sous ou contre une surface du MATERIEL. Si le MA[FERIEL
é{re soumis a I'essai de cette maniére, il doit étre placé sur un plan conducteur g

ui lui-

de la

esurages doivent étre effectués conformément a I'Article §,-en considérant ¢ plan
cteur comme une partie accessible.

esurages doivent étre répétés avec le plan conducteufiplacé contre toute autre slrface

des raisons de protection contre les brouillages électromagnétiques, il peut étre

moins
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