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TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

f f f f f : ] f f national
eration on all questions concerning standardization in the electrical and electronic fields. To.this|end and
fition to other activities, IEC publishes International Standards, Technical Specifications, Techhical Reports,
cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)]). Their
hration is entrusted to technical committees; any IEC National Committee interested in the‘subject dealt with
barticipate in this preparatory work. International, governmental and non-governmental(organizationp liaising
he IEC also participate in this preparation. IEC collaborates closely with the International OrganiZation for
fardization (ISO) in accordance with conditions determined by agreement betwegen the two organizptions.

ormal decisions or agreements of IEC on technical matters express, as nearlyJas possible, an intefnational
ensus of opinion on the relevant subjects since each technical committee“has representation|from all
ested IEC National Committees.

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

der to promote international uniformity, IEC National Committees undertake to apply IEC Pullications
parently to the maximum extent possible in their national and regional publications. Any divergence pbetween
EC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

tself does not provide any attestation of conformity. Independent certification bodies provide cqgnformity
Esment services and, in some areas, access to\EC marks of conformity. IEC is not responsiblg for any
Ces carried out by independent certification bodies.

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

bbility shall attach to IEC or its directors; employees, servants or agents including individual experts and
bers of its technical committees and¢/[EC National Committees for any personal injury, property dgmage or

damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f¢es) and
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
cations.

tion is drawn to the Normative references cited in this publication. Use of the referenced publicptions is
bensable for the correct.application of this publication.

draws attention to~the’ possibility that the implementation of this document may involve the uge of (a)
t(s). IEC takes nowposition concerning the evidence, validity or applicability of any claimed patent|rights in
ct thereof. As«afithe date of publication of this document, IEC had not received notice of (a) patent(§), which
be requireddo.implement this document. However, implementers are cautioned that this may not represent
htest information, which may be obtained from the patent database available at https://patents.ieq.ch. IEC
not besheld responsible for identifying any or all such patent rights.
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Technical Report.

This second edition cancels and replaces the first edition published in 2018. This edition
constitutes a technical revision.

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

edition

a) revised in accordance with the latest revision of international EMF guidelines;

b) revised in accordance with updates of relevant IEC standards on electrical safety.
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t of this Technical Report is based on the following documents:
Draft Report on voting
106/641/DTR 106/656/RVDTR

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

the abo

The lan

This d

ve table.
guage used for the development of this Technical Report is English.

cument was drafted In accordance wi Irectives, Fart £, an evelpped in

accordpance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement; aJailable
at wwy.iec.ch/members_experts/refdocs. The main document types developed'\by IEC are

descriljed in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain’ nchanged until the

stabilit

specifi¢ document. At this date, the document will be

e recpnfirmed,

o with

e rev|sed.

date indicated on the IEC website under webstore.iec.ch in-the’ data related| to the

drawn, or

that it
of its

IMPORTANT - The "colour inside"” logo on.-the cover page of this document indicates

contains colours which are considered to be useful for the correct understapding
contents. Users should therefore:print this document using a colour printef.
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INTRODUCTION

In the guidelines limiting human exposure to electric, magnetic and electromagnetic fields (EMF
guidelines), limits or a guidance for the contact current are given to avoid adverse indirect
effects, i.e. electric shocks and burn hazards caused by contact with a conductive object located
in an electric field or magnetic field or both, when the object has an electric potential owing to
electric or magnetic induction to the object.

At the moment, no standardized method for evaluating the contact current, in the context of
human exposures to the above fields has been well established. On the other hand, there is a
vast amount of knowledge, as well as many standards and regulations on the issue of electrical
safety fe—directecontactwith-tive—partof-conductive—objechteo—aveid-severe—elestrig shock
hazards. Therefore, the evaluation methods used in the field of electrical safety can bg useful
references. This document summarizes general information on the assessment\of gontact

currenf related to human exposure to electric, magnetic and electromagnetic fields:
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ASSESSMENT OF CONTACT CURRENT RELATED TO HUMAN EXPOSURE
TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

1 Scope

This document, which is a Technical Report, provides general information on the assessment
of contact current related to human exposure to electric, magnetic and electromagnetic fields.
The contact currents in this context occur when a human body comes into contact with a
condudtive object that is non-electrified but exposed to an electric field or magnetic field for both
at a different electric potential owing to electric or magnetic induction to the objéct. [This is
distingliished from the issue of electrical safety where contact with live parts of-a-confluctive
object [s dealt with.

currenf covered in this document is DC to 110 MHz, and only steady-state (continuous) gontact
currenfs are covered. Transient contact currents (spark discharges) which can| occur
immed|(ately before the contact with the object are not covered.

In refeat:nce to the international EMF guidelines [1], [2], and [3]?, the frequenty range of fontact

2 Nagrmative references

There are no normative references in this document.

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

ISO anpd IEC maintain terminology“databases for use in standardization at the following
addrespes:

e |E( Electropedia: available-at https://www.electropedia.org/

¢ 1SQ Online browsing-platform: available at https://www.iso.org/obp

3.1
contadt current
<to human expostre> current flowing through the body resulting from contact with an ingulated
condudtive object that has been energized in an electric, magnetic or electromagnetic field or
from an insulated body that has been energized in an electric, magnetic or electromagnetic field
and is [n.eontact with a grounded conductive object

3.2

exposure

<to human> situation that occurs when a person is subjected to an electric, magnetic or
electromagnetic field, or to a contact current other than those originating from physiological
processes in the body and other natural phenomena

3.3

indirect effect

effect arising when an object present in an electromagnetic field becomes a cause of safety or
health hazard

T Numbers in square brackets refer to the Bibliography.
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3.4

touch current

electric current passing through a human body when it touches one or more accessible and
energized parts of an installation or of equipment, or object, used in the field of electrical safety

Note 1 to entry: The term "leakage current" had also been used as a synonym for touch current in the field of
electrical safety.

[SOURCE: IEC 60050-195:2021, 195-05-21, modified — In the definition, "or through livestock"
has been deleted, "and energized" has been added, "or object, used in the field of electrical
safety"” has been added. Note 1 to entry has been added.]

3.5
spark flischarge
transfef of current through an air gap prior to making contact with another conductive object at
a diffenent potential

4 Abhbreviated terms

3D three dimensional

AC alternating current

AM amplitude modulation

DC direct current

EMF electric, magnetic or electromagnetic field

EV electric vehicle

FM frequency modulation

ICNIRHR International Commission on Non-lonizing Radiation Protection
IEEE Institute of Electrical and Electronics Engineers
IH induction heating

MRI magnetic resonance_imaging

PC personal computer

RF radio frequency.

WPT wireless power transfer

5 Cantact current in EMF guidelines

Clause| 5 oyerviews contact currents described in the EMF guidelines [1], [2], and [3].

I th fleagaoneoyv ranan s tn Aty 40 MLIo (neadamninantlhy e 0 4100 LIS\ th A ﬂ f
n the frequeneyrange-up-te-appreximately+o-MHz(predeminanty—tp-te—+88-4Hz)—thelflow o

electric current from an object in a field to the body of an individual can result in the stimulation
of muscles or peripheral nerves. With increasing current, this can be manifested as perception,
pain from an electric shock or burn, the inability to release the object, difficulty in breathing and,
at higher currents, cardiac ventricular fibrillation.

In the frequency range of about 100 kHz to 110 MHz, shocks and burns can result either from
an individual touching an ungrounded metal object that has acquired a charge in a field or from
contact between a charged individual and a grounded metal object.
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In the EMF guidelines, reference levels or a guidance for steady state (continuous) contact
current are given for frequencies up to 110 MHz to avoid shock and burn hazards (see Annex A),
rather than to avoid ventricular fibrillation. The upper frequency of 110 MHz is the upper
frequency limit of the FM broadcast band. Here, the transient currents resulting from spark
discharges [4], which can occur when an individual comes into very close proximity with an
object at a different electric potential, are not considered in the reference levels of contact
current. Instead, the effect of spark discharge is considered in the reference levels of electric
field exposure for the general public by including a sufficient margin to prevent surface electric-
charge effects such as perception by most people.

6 Consideration in evaluating contact currents

6.1 General
Clause| 6 describes items to be considered in evaluating contact currents:

a) asslumed situations of human exposure to a contact current (6.2);

b) methods for evaluating a touch current used in electrical  safety standards for
refgrences (6.3);

c) some proposed methods for evaluating contact currents (6.4).
6.2 Assumed situations of human exposure to contact current
6.2.1 General

There are several situations to be considered for human*exposure to a contact current. Djfferent
cases fre considered depending on the type of coupling between fields (electric or magnetic)
and human bodies or objects.

6.2.2 Capacitive coupling (power linge)

An elegtric field induces, by capacitivescoupling (electrostatic induction), a voltage in a|person
or a copductive object that is isolated from the ground. When a person touches an object|having
a diffelent potential, a contact cufrent flows so as to cancel the potential difference. This can
be catg¢gorized into two cases: (a) an isolated person touches a grounded object anfd (b) a
grounded person touches an, isolated object (especially a large object such as a bys or a
truck) [b]. Comprehensive:studies have been carried out for typical cases encountereq under
overhepd transmission.-lines [6].

6.2.3 Inductive coupling (power line)

By indyctive coupling (electromagnetic induction), a magnetic field induces a voltage, especially
in long|conductive objects such as telecommunication lines, fences and gas pipelines, |having
at leas} ‘one reasonable grounding, when they are installed close to and parallel to magnetic
field soUTCES SUCN as overnead power Ines [7]. WNHeN a person touches the object, a contact
current flows. In particular, in the case of fault condition in overhead power lines, the limit values
for the open-circuit voltage in nearby telecommunication lines are set by an international
regulation-setting body [8]. In contrast to the capacitive coupling, grounding a conductive object
at a large distance from the point of contact will actually increase the amplitude of the open-
circuit voltage, thereby increasing the contact current.

6.2.4 Induction heating equipment

Induction heating (IH) equipment is heating equipment using the Joule effect produced by
magnetically induced currents. For a domestic IH cooker, a metal pan or pot is heated by a
magnetic field, and when a person touches a conductive part of the pan or pot, a contact current
can occur typically in the frequency ranges of around 20 kHz to 100 kHz. The method used to
evaluate human exposure to magnetic fields produced by IH cookers is standardized in
IEC 62233 [9]; however, the contact currents are not mentioned in IEC 62233.
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For industrial IH equipment, a method of evaluating touch current in terms of electrical safety
is specified in [IEC TS 62996 [10] for the frequency ranges between 1 kHz and 6 MHz.

6.2.5 Wireless power transfer (WPT)

A wireless power transfer (WPT) system is a system capable of transferring power between a
transmitter and receiver using wireless technologies including electromagnetic induction,
resonance, or capacitance. They are used for wirelessly charging mobile phones, tablet PCs,
electric vehicles (EVs) and, so forth. There are several types of WPT, and the frequency ranges
can vary from tens of kilohertz to tens of megahertz. When a conductive object is placed in the
immediate vicinity of a system and a person touches it, a contact current can occur, such as by
touching the metal body of an EV when charging with a WPT charging system [11]. Details
regarding exposure assessment methods Tor WP T systems are reporied in [EC TR 62905 [12]
and IHC PAS 63184 [13]. In these publications, contact currents are consideredfor the
conditipns where an ungrounded or grounded metal object is placed in the vieinity of WPT
systems.

6.2.6 Broadcasting

Burns gan occur at a point of contact between a human body and a metallic structure|that is
exposgd to RF electromagnetic fields from nearby sources such-as AM broadcast anfennas.
The coptact point between the body and the structure often has,a“small area and the purrent
injected into the body is concentrated near this point. This ¢an result in localized furrent
densities strong enough to raise the local temperature and cause surface or deep burng [14].

6.3 ethods of measurement of touch current used’in electrical safety standards
6.3.1 General

When ¢onsidering the evaluation method for contact currents in the context of human exposure
to electric, magnetic and electromagnetic-fields, existing IEC standards related to elgctrical
safety tan provide some useful guidance:

6.3.2 IEC standards related to electrical safety
There g@re several |IEC technical committees in charge of electrical safety. These includé¢:

— TC|64: Electrical installations and protection against electric shock;

— TC|108: Safety of relectronic equipment within the field of audio/video, infolmation
technology and eommunication technology;

— TC|61: Safetycof household and similar electrical appliances;

— TC|99: System engineering and erection of electrical power installations in systems with
nominal voltages above 1 kV AC and 1,5 kV DC, particularly concerning safety aspdcts;

— TCIle6:"Safety of measuring, control and laboratory equipment;

— TC 62/SC 62A: Common aspects of electrical equipment used in medical practice.

Table 1 summarizes the selected standards related to the electrical safety and the committees
in which they were created. Note that the "touch voltage", the product of the touch current and
the assumed body impedance, is commonly used as a parameter for setting limits for touch
currents.

In IEC 60479-1 [15], a diagram of physiological effects for different touch currents and durations
is shown (reproduced in Figure 1 and Table 2), which is commonly referenced in electrical
safety standards as a basis for limiting touch currents.
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Table 1 — Selected IEC technical committees and standards related to electrical safety

IEC TC

IEC standards related to electrical safety

Notes

TC 108, Safety of electronic equipment
within the field of audio/video, information
technology and communication technology

IEC 60065:2014, Audio, video and similar
electronic apparatus — Safety requirements
[16]

Stipulates touch
voltage limits

IEC 60950-1:2005, Information technology
equipment — Safety — Part 1: General
requirements

IEC 60950-1:2005/AMD1:2009
IEC 60950-1:2005/AMD2:2013 [17]

Stipulates touch
current limits

IEC 60990:2016, Methods of measurement of

Stipulates

touch current and protective conductor
current [18]

measuring njethod
of touch~curfent

IEC 62368-1:2023, Audio/video, information,
and communication technology equipment —
Part 1: Safety requirements [19]

Stiptlates

prospéctive
voltage and
current limit

ouch
ouch

TC 61, Pafety of household and similar IEC 60335-1:2020, Household and simila¥ Stipulates tduch

electrical appliances electrical appliances — Safety — Part 1 current limit
General requirements [20]

TC 64, Electrical installations and protection |IEC 60364-4-41:2005, Low-vo|tage/electrical

against|electric shock

installations — Part 4-41: Protegtion for safety
— Protection against electrictshock [21]

IEC 60364-4-41:2005/AMD1:2017

IEC 60479-1:2018{ Effécts of current on
human beings and livestock — Part 1:
General aspects,[15]

A diagram o
physiologica
effects for different
body currenfs and

durations is hown

IEC 60479-2:2019, Effects of current on
human beings and livestock — Part 2: Special
aspects [22]

IEC 61140:2016, Protection against electric
shock — Common aspects for installation and
equipment [23]

IEC TS 61201:2007, Use of conventional
touch voltage limits — Application guide [24]

TC 99, |nsulation co-ordinatjon,and system
enginedring of high voltagé etectrical power
installafjons above 1,0 kV AC and 1,5 kV DC

IEC 61936-1:2021, Power installations
exceeding 1 kV AC and 1,5 kV DC -
Part 1: AC [25]

Stipulates tguch
voltage limitg

TC 66, Pafety of measuring, control and
laboratqry equipment

IEC 61010-1:2010, Safety requirements for
electrical equipment for measurement,
control, and laboratory use — Part 1: General
requirements

IEC 61010-1:2010/AMD1:2016 [26]

Stipulates tguch
current limit

TC 62/SC 62A, Common aspects of medical
equipment, software, and systems

IEC 60601-1:2005, Medical electrical
equipment — Part 1: General requirements
for basic safety and essential performance

IEC 60601-1:2005/AMD1:2012
IEC 60601-1:2005/AMD2:2020 [27]

Stipulates "leakage
current” limits
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Figure 1 — Time versus current zones of effects)of AC currents (15 Hz to 100 K
on persons for a current path corresponding to left hand to feet
(for explanation see Table 2)

IEC TR 63167:2024 © IEC 2024

’g A
710000
g a b Cq Co \23\\\ \\
= 5000 X
® | AC-4.1
3 | A
“s 2 000 — AC‘-4.2
S 1000 AC-4.3
©
>
a 500
AC-1 AC-2 AC-3 AC-4
200 \ §
100
50 §
20 \
10 &; N % -
0,1 0,2 0,5 1 5 10 20 50 100 200 500 2000 10 000
1000 5000
Body current, Iz (mA)
IE

E: Figure 20 in IEC 60479-1:2018 [15].

Table 2 — Time versus current zones for AC 15 Hz to 100 Hz for
hand to feet pathway =~ Summary of zones in Figure 1

z)

Zones| Boundaries Physiological effects

AC-1 Up to 0,5 mA curve a Perception possible but usually no "startled" reaction

AC-2 0,5 mA up to curve b Perception and involuntary muscular contractions likely but usually no
harmful electrical physiological effects

AC-3 Curve b and above Strong involuntary muscular contractions. Difficulty in breathing.
Reversible disturbances of heart function. Immobilization can ocgur.
Effects increasing with current magnitude. Usually, no organic ddmage
to be expected

AC-4 9 | Abovescurve c Patho-physiological effects can occur such as cardiac arrest, brgathing

1

Between curves ¢, and C,

1

arrest, and burns or other cellular damage. Probability of ventric
fibrillation increasing with current magnitude and time

AC-4.1 Probability of ventricular fibrillation increasing up to abou

ilar

t5 %

Between curves C, and Cy

Beyond curve c,

AC-4.2 Probability of ventricular fibrillation up to about 50 %

AC-4.3 Probability of ventricular fibrillation above 50 %

a

For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period
if the relevant thresholds are surpassed. As regards ventricular fibrillation, Figure 1 relates to the effects of
current which flows in the path left hand to feet. For other current paths, the heart current factor is considered.

SOURCE: Table 11 in IEC 60479-1:2018 [15].
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6.3.3
6.3.3.1

Modelling human body impedance

General

An impedance or an equivalent circuit of the human body is needed when deriving a touch
voltage from a permissible touch current. In addition, when measuring touch or contact current,
an appropriate circuit is standardized. The following considerations have been made regarding
the standardization of electrical safety.

6.3.3.2 Dependence of human impedance on touch voltage
In I[EC 60479-1 [15], it is shown that the impedance of the human body varies with the touch
VOltag S and—data—on—this |U:at;uuoh;p are pluv;dcd. H add;t;un, the ;lllpcdalluc oftheqhuman
body fqr different current paths is also considered.
6.3.3.3 Frequency characteristics
In IEC B0990 [18], circuits that simulate the frequency characteristics of human body impgdance
are shgwn for the measurement of touch currents to be used for frequencies up to 1 MHz. The
circuit $hown in Figure 2 is for an "unweighted" touch current to be adépted for burns, while the
circuit ghown in Figure 3, which includes a weighting circuit, considers the human resppnse of
perception or reaction.
A similgr circuit is also shown in IEEE Std C95.3™-2021 [28]._In IEEE C95.3, a simulatgd body
impedgnce (standard load) that can be inserted in the measurement circuit when measuiling the
contact current is shown.
A o
RS —_ CS
Unweighted touch current (A)
Test terminals = Y (RMS value)
500
B Ry S
IEC
Key
Rg =1 5p0
Rg = 50
Cg=0,2p
R resistance (Q)
C capacitance (uF)
U voltage (V)

SOURCE: Figure 3 in IEC 60990:2016 [18].

Figure 2 — Measuring network for unweighted touch current


https://iecnorm.com/api/?name=7274b4e77bc4059974f9d87389c3750f

- 14 - IEC TR 63167:2024 © IEC 2024

Weighted touch current (A)
A R = v k val
s 1 = oog (Peak value)
Test terminals &
“ | I |
B ¢
Rg S G == o
Y

Key

Ry =15p0

Rg =500

Cs=0,2p

R, =10 (00

C, =0,0p2

R resisfance (Q)

C capagitance (uF)
U voltape (V)

SOURCE: Figure 4 in IEC 60990:2016 [18].

6.3.3.4
Well-in

Figure 3 — Measuring network for'touch current weighted
for perception or startle-reaction [18]

Consideration of touching boundary (skin impedance and contact area)

Vvestigated circuits for the \human body impedance considering electrodes

impedgnces and spreading impedances have also been proposed for the frequency rang

10 kHz
human
electro
adopte

In addi

to 10 MHz [29] and from75 kHz to 15 MHz [30] based on measurements m
subjects. In IEC TS 62996 [10], which deals with the electrical safety of in
heating and electromagnetic processing equipment, the circuit proposed in [2
d with minor modification for frequencies from 1 kHz to 6 MHz.

ition, the area~of contact is stipulated in the safety standards to properly simul

touchirlg condition~ih measurements. In the proposed circuits in [10] (Figure 4), [29] an

llgripll

and "finger" contacts can be considered. In the EMF guidelines (see Annex

5, skin
ps from
hde on
justrial
9] was

hte the
d [30],
A), the

assumed cenditions of contact are "point contact" (area not specified) in ICNIRP guidelipes [1],
"grasping contact" (applicable d

nly for

safety
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' Skin : Spread
Primary 1 | | I
contact O———— :
area X ’ | |
1 RS | Rt

Skin and adjacent tissue

Gripping (closed)

Finger
T o

f( Finger contadt
(open)

Sum of arm, 540 Q
torso and leg

1,8 kQ

Conngction to secondary contact area
IEC

Key
R, =(34108) -4
C,=(14107%) - 4
R,=15(0 - 4712
where

R, R, is the impedance.in units of Q;

C is the capaeitance, in units of uF;
A is the"area of contact, in units of mm?;
f is_the frequency, in units of Hz.

SOURCE: Kanai et al. [29]. Reproduced with permission of IEEE.

Figure 4 — Impedances of various parts of the body proposed
in IEC TS 62996 [10] for 1 kHz to 6 MHz

6.4 Proposed methods of measuring contact current
6.4.1 General

In 6.4, possible evaluation methods for the measurement of contact currents (or contact
voltages) are described. To estimate the contact current, the methods in 6.4.2, 6.4.3 and 6.4.4
can be applied.
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6.4.2 Contact current measurement using a human subject

The contact current exposure situation can be measured using a human subject; however, it is
important to take special care to ensure the safety of the subject to avoid electric shock. For
this case, a clamp-on current sensor (current transformer) can be used to measure the contact
current flowing into a hand in contact with a conductive object. An alternative approach would
be to use a pistol grip device held in the operator's hand with the tip of the device making
contact with the conductive object which protects the operator from spark discharge to the body
surface. Current is measured within the device, and the broad contact of the operator's palm
with the device dilutes the current density from the device to the operator over a large skin area.
Another proposed method is measurement of the voltage difference between points of concern
on a human body [31] In this case, the contact current can be calculated from the obtained

It AE£ o £ k. P~ £ 4 bad bat +h 4
voO ag UrTeT eTToCarTa ||||u||||auu|| T U1 ||||pcua||uc UT TS OO Uy UCTw TTTT e 'JUIIILO

6.4.3 Contact current measurement using a human equivalent impedance/circujt

Considering the safety of human subjects and the repeatability of measurements, it is more
suitablg to use an impedance or a circuit that simulates the human body.as a standfrdized
measufement method for contact currents. The human-equivalent circuits)’shown in 6.3.3 can
be usefl for this purpose.

In addition, for standardization, the area of the contact and the grounding condition are also
specifigd to ensure repeatability.

There iis some measurement equipment that is commercially available, for frequencies of 3 kHz
to 3 MiHz and for frequencies from 40 Hz to 110 MHz{for example. These instruments jhave a
human|equivalent circuit and provide a flat metal plate used as a ground plane. One of these
instruments is capable of choosing a grasp or touch’contact, while the other can measlre the
contact current through a real human body.

6.4.4 Contact current calculated fronymeasurement of open-circuit voltage

An alternative method is to measure, the open-circuit voltage (contact voltage) of a confuctive
object [o be touched instead of the/measurement of a contact current. The contact currént can
then b¢ obtained by a calculation-using the obtained voltage and information on the human-
equivalent circuit.

For the calculation, the himan-equivalent circuits shown in 6.3.3 can be used. In addition, more
realistic human mode€]s)with a few millimetre resolution have been developed for numerical
calculation [32], [33][34], [35], [36], [37], and these models can be applied for this plirpose.
The realistic computational 3D human body model is derived from 3D imaging technology such

figure
computational human body using typical numerical electromagnetic simulation tools. When
including such kind of a realistic human model into a standard, the detail of the model is
specified.
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100 mm . ' . 100 mm

IEC

Figure 5 — Realistic computational 3D-human body model
and results of calculation of currentydensity and pathway

moment, there are no standardized-methods for evaluating the contact currentg

b be considered in future standardization are discussed.

pe: A future standard will clarify its scope, i.e. it will be limited to the issue of
rent related to the indirect effect of human exposure to electromagnetic fields. In a
Il be clearly stated thatonly steady-state contact current as shown in internation
jelines is dealt with,

hod(s) for the contact current including:
parametef to'be measured (current or open-circuit voltage);
experimental setup;

human-equivalent circuit;

nsideration in standardization of evaluation method for contact curréent

in the

of human exposure to electric, magnetic and electromagnetic fields. In this Clause 7,

contact
jdition,
al EMF

hod of measuring-contact current: A future standard will clearly specify the measuring

niact (boioh oantant ~roc i A~ toct):
T

Hacttouch-contact—graspirgcontacty
specification of area of contact;

condition of grounding;

specifications of instrumentation used in the measurement.
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Annex A
(informative)

Contact current limits in international EMF guidelines

General

There are two major international EMF guidelines limiting contact currents caused by exposure

to electric,

magnetic and electromagnetic fields. These are guidelines published by

the ICNIRP (International Commission on Non-lonizing Radiation Protection) [1], [2] and the

EMF s eers),
IEEE Std C95.1™-2019 [3]. In these guidelines, limit values of contact currents are|shown
based pn electro-stimulation effects for frequencies lower than 10 MHz [1] or 5 MHZz"[3], while

guidan
freque

A.2

e [2] or limit values [3] for contact currents are shown based on thermal effgcts for
cies between 100 kHz and 110 MHz.

Reference levels based on electro-stimulation effects

The limit values applied to steady-state (continuous) contact currents are shown in Taple A.1

for ICN

(gener

IRP 2010 (reference levels), and in Table A.2 for IEEE“(exposure reference |evels).

| public and occupational or restricted environment)ds identical, although there arg slight

The ba’Fic rationale for limiting the contact current for two,*assumed exposure catggories

differences in the limit values between them.

Table A.1 — Reference levels in ICNIRP 2010 guidelines for time
varying contact current from conductive object [1]

Exposure characteristics Freguency range Maximum contact current
(mA)
Occupational exposure up to 2,5 kHz 1,0
2,5 kHz to 100 kHz 0,4f
100 kHz to 10 MHz 40
General public exposure up to 2,5 kHz 0,5
2,5 kHz to 100 kHz 0,2f
100 kHz to 10 MHz 20
NOTE, 7is frequency in kilohertz.

Table A.2 — Exposure reference levels (ERLs) of contact current based on

electro-stimulation effects in IEEE Std C95.1-2019 [3]

Condition Frequency range Persons in unrestricted Persons permitted in
environments restricted environments
(mA-RMS) (mA-RMS)
Contact, grasp 0 Hz to 3 kHz - 3,0
(contact area: 15 cm?) 3 KHz t0 5 MHZ _ 1.0/
Contact, touch 0 Hz to 3 kHz 0,5 1,5
(contact area: 1 cm?) 3 kHz to 5 MHz 0,167/ 0,5/

NOTE fis in the frequency in kilohertz.
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Regarding the type of contact, the ICNIRP guidelines assume "point contact",
IEEE Std C95.1-2019 assumes both "touch contact" (with a contact area of 1 cm2), and
"grasping contact" (with a contact area of 15 cm2, applicable only for persons permitted in
restricted environments). In IEEE Std C95.1-2019, the grasping contact limit is applied to
restricted environments where personnel are trained to make grasping contact and to avoid
touch contacts with conductive objects that present the possibility of painful contact.

while

As the averaging time for the determination of compliance, IEEE Std C95.1-2019 specifies
times of 0,2 s for frequencies less than 100 kHz, while the ICNIRP guidelines do not explicitly

specify

For co
The fol

the averaging time.

lowing requirement is for ICNIRP, and similar evaluation formulas are also proyi

IEEE Std C95.1-2019.
10MHz 1,
<1
Zn=1HZ IC,n (A1)
where
1, i$ the contact current component at frequency #;
Ic,, 1% the reference level of the contact current at frequency » (see Table A.1).
A.3 |Reference levels and a guidance based on thermal effects
In the RF ICNIRP guideline revised in 2020 [2]-guidance is provided for contact currents in the
frequemcy range of 100 kHz to 110 MHz, rather than providing limit values as referencg levels
seen in its previous edition. The guidance is aimed at assisting persons who are resppnsible
for transmitting high-power (greater.than 100 V/m at their source, within the frequency range
100 kHz to 100 MHz) radio frequency fields to understand contact currents, the pétential
hazardp, and how to mitigate such hazards. In the guidance, the lowest threshold of touch
currenf is approximately 20 mA _for adults and within the range of 10 mA for children.
For IERE Std C95.1-2019y3], limit values (ERL) based on thermal effects and applied to $teady-
state (¢ontinuous) contact currents in the frequency range of 100 kHz to 110 MHz are shown in
Table A.3.
Table-A.3 — Exposure reference levels (ERLs) of contact current based
on thermal effects in IEEE Std C95.1-2019 [3]
Gonditton—1—Fregquencyrange Persensaunrestricted Persenspermitted in
environments restricted environments
(mA-RMS) (mA-RMS)
Contact, grasp 100 kHz to 3 MHz - 100
. 2
(contact area: 15 cm<) 3 MHz to 30 MHz _ 100(/13)°3
30 MHz to 110 MHz - 200
Contact, touch 100 kHz to 3 MHz 16,7 50
. 2
(contact area: 1 cm*) 3 MHz to 30 MHz 16,7(/13)°3 50(/13)03
30 MHz to 110 MHz 33,4 100
NOTE fis expressed in megahertz.



https://iecnorm.com/api/?name=7274b4e77bc4059974f9d87389c3750f

- 20 - IEC TR 63167:2024 © IEC 2024

Regarding the type of contact, IEEE Std C95.1-2019 assumes both "touch contact" (with a
contact area of 1 cm2), and "grasping contact" (with a contact area of 15 cm2, applicable only
for persons permitted in restricted environment). In IEEE Std C95.1-2019, the grasping contact
limit pertains to restricted environments where personnel are trained to make grasping contact
and to avoid touch contacts with conductive objects that present the possibility of painful contact.

As the averaging time for the determination of compliance, the IEEE standard specifies times
of six minutes averaging for grasping contact, while the touch currents are determined and
expressed as the maximum instantaneous value averaged over 1 s.
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