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TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

FOREWORD

| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
b-operation on all questions concerning standardization in the electrical and electronic fields. To ghisveng
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re(
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

Feparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatid
tandardization (ISO) in accordance with conditions determined by agreement between{the two organizatio|

he formal decisions or agreements of IEC on technical matters express, as nearly_as possible, an internaf
bnsensus of opinion on the relevant subjects since each technical committee-has representation fro
terested IEC National Committees.

0 4 (NS 3T VSO0 o

-5

FC Publications have the form of recommendations for international use_and are accepted by IEC Naf

Jommittees in that sense. While all reasonable efforts are made to gnsure that the technical content o
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or foi
njisinterpretation by any end user.

tqansparently to the maximum extent possible in their nationalkand regional publications. Any divergence bet
ahy IEC Publication and the corresponding national or regiénal’publication shall be clearly indicated in the |

C itself does not provide any attestation of conformity.® Independent certification bodies provide confo
sessment services and, in some areas, access to"lEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

o liability shall attach to IEC or its directars, employees, servants or agents including individual expertg
embers of its technical committees and I[EC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the Nonmative references cited in this publication. Use of the referenced publicatio
dispensable for the correct application of this publication.

> VOO 3IZ P OO —

= 3

FC draws attention to«the possibility that the implementation of this document may involve the use ¢
ptent(s). IEC takes nfo position concerning the evidence, validity or applicability of any claimed patent righ
bspect thereof. As (of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not repr
the latest information, which may be obtained from the patent database available at https://patents.iec.ch
shall not be-held responsible for identifying any or all such patent rights.
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IEC TR 63167 has been prepared by IEC technical committee 106: Methods for the assessment
of electric, magnetic and electromagnetic fields associated with human exposure. It is a
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

editi

a) revised in accordance with the latest revision of international EME gllidnlinne;

on:

b) 1
The

Full
the

The

Thig

accordance with ISO/IEC Directives, Part 1 and ISGAEC Directives, IEC Supplement, avail

at \
des

The
stab
spe
[

evised in accordance with updates of relevant IEC standards on electrical safety.

text of this Technical Report is based on the following documents:

Draft Report on voting

106/641/DTR 106/656/RVDTR

information on the voting for its approval can be found in the report on voting indicatg
hbove table.

language used for the development of this Technical Report is English.

document was drafted in accordance with ISOAEC Directives, Part 2, and develope

ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
Cribed in greater detail at www.iec.ch/publications.

committee has decided that the contents of this document will remain unchanged unti
ility date indicated on the IEC website under webstore.iec.ch in the data related to
Cific document. At this date, the document will be

econfirmed,

vithdrawn, or

evised.

din

d in
able
are

the
the

IM
thd
of

PORTANT ~The "colour inside" logo on the cover page of this document indica
t it contains colours which are considered to be useful for the correct understand
ts contents. Users should therefore print this document using a colour printer.
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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 owin
electric or magnetic induction to the object.

g to

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

(i.e. direct contact with live part of conductive object) to avoid severe electric-sh
hazards. Therefore, the evaluation methods used in the field of electrical safety-might\Ca
useful references. This document summarizes general information on the assessmen

confact current related to human exposure to electric, magnetic and electromagnetic fields|.

is a
rical
ock
N be
t of
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ASSESSMENT OF CONTACT CURRENT RELATED TO HUMAN EXPOSURE

1

TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

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 fi
The|contact currents in this context occur when a human body comes into contact with\a
elegtrified conductive object that is non-electrified but exposed to an electric field or-magn
field or both at a different electric potential owing to electric and/or magnetic induction to

obj
ac

In reéference to the international EMF guidelines [1], [2], and [3]?, the frequenhty range of cor]

cur
cur

immlediately before the contact with the object are not covered.

There are no normative references in this document.

3

Fo

ISO| and IEC maintain terminology~databases for use in standardization at the follo
addresses:

=

Ids.

gct. This is distinguished from the issue of electrical safety where contact with live par
dnductive object is dealt with.

rent covered in this document is DC to 110 MHz, and only steady-state (continuous) cor
rents are covered. Transient contact currents (spark discharges)’which—may can o

Normative references

Terms and definitions

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

|IEC Electropedia: availablerat https://www.electropedia.org/

SO Online browsing platform: available at https://www.iso.org/obp

-not
etic
the
s of

tact
tact
ccur

ving

trie
tHE

condluCtiye object that has been energized in an electric, magnetic or electromagnetic fiel
fromaniinsulated hndy that has bheen nnnrgi7nd inan electric_ mqgnnfir‘ Qr nlnr‘frnmngnn’rir‘

humamexposure> current flowing through the body resulting from contact with an insul

hted
d or

and is in contact with a grounded conductive object

ield

1

Numbers in square brackets refer to the Bibliography.
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exposure
<to human>-state 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
indi

rect effect

3.4

touc
eleg
and
safd

Note
elect

[SO
has
safg

3.5

spa
tran
adi

3D
AC
AM
DC

EMK

EV
FM

Ct arising when an object present in an electromagnetic field becomes a cause of safef
th hazard

th current
tric current-flewing passing through a human body when it touches on& or more accesg
energized parts of an installation or of equipment, or object, usedrin the field of elect

ty

1 to entry: The term "leakage current” had also been used as a synonym for touch current in the fig
Fical safety.

URCE: IEC 60050-195:2021, 195-05-21, modified — In~the definition, "or through livest
been deleted, "and energized" has been added, “Or object, used in the field of elect
ty" has been added. Note 1 to entry has been added.]

rk discharge
sfer of current through an air gap priorfe ‘'making contact with another conductive obje
ferent potential

Abbreviated terms

three dimensional

alternating current

amplitude-modulation

direct cusrent

electtic, magnetic or electromagnetic field
electric vehicle

frequency modulation

ICN

ible
rical

Id of

bck"
rical

Ct at

RP International Commission on Non-lonizing Radiation Protection

IEEE Institute of Electrical and Electronics Engineers

IH

induction heating

MPE . isaibl

MRI magnetic resonance imaging

PC personal computer

RF radio frequency

WPT wireless power transfer

5 Contact current in EMF-expoesure guidelines

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


https://iecnorm.com/api/?name=fcf305428a4c8dd164a59de1bb9319c9

IEC TR 63167:2024 RLV © |IEC 2024 -9-

In the frequency range up to approximately 10 MHz (predominantly up to 100 kHz), the flow of
electric current from an object in a field to the body of an individual-may can result in the
stimulation of muscles and/or peripheral nerves. With increasing current, this—may can be
manifested as perception, pain from an electric shock and/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.

In theEMF—guidetres—referencetevels———fersteadystate{feontirveusi—eentact

current are given for frequencies up to 110 MHz to avoid shock and burn hazards (see Annex A) ,

rather than to av0|d ventrlcular flbrlllatlon —Ro—remronentounle seepel iniondes o aliolel

vendri i - The upper frequegncy

of 110 MHz is the upper frequency limit of the FM broadcast band. Here, the transient currgnts

resylting from spark discharges [4], which can occur when an individual comes‘into very close

prodimity with an object at a different electric potential, are not considered in the refergnce

levels of contact current. Instead, the effect of spark discharge is considefed in the refergnce

leve|ls of electric field exposure for the general public by including a sufficient margin to preyent

surface electric-charge effects such as perception by most people.

et et cina b diio oo tnede e lua e el ce oo e o cuid o linoe cen seoad o

for multinle-freauenecv-exnosure for low-freauencv (bhelow 1004HZz) and hiah-freauencv (abhove

for-hultiple-frequency-exposure for-low-frequency (below-100-kHz) and-high-frequency (aljove

e s oot oo e s oneioe sobie o0 e and L0 s bein cam b ion cnethedelonn

applied (see Annex-A).

6 |Consideration in evaluating contact currents

6.1| General

Clayse 6 describes items to be considered in evaluating contact currents:

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

b) methods for evaluating al-touch current used in electrical safety standards| for
eferences (6.3);

c) s$ome proposed methods for evaluating contact currents (6.4).

6.2 | Assumed situations of human exposure to contact current

6.2.1 General

Thefe are séveral situations to be considered for human exposure to a contact current. Different

casg¢s-have-to-be are considered depending on the type of coupling between fields (electric or

magnetic)’and human bodies/ or objects.

6.2.2 Capacitive coupling (power line)

An electric field induces, by capacitive coupling (electrostatic induction), a voltage in a person
or a conductive object that is isolated from the ground. When a person touches an object having
a different potential, a contact current flows so as to cancel the potential difference. This can
be categorized into two cases: (a) an isolated person touches a grounded object and (b) a
grounded person touches an isolated object (especially a large object such as a bus or a
truck) [5]. Comprehensive studies have been carried out for typical cases encountered under
overhead transmission lines [6].

6.2.3 Inductive coupling (power line)

By inductive coupling (electromagnetic induction), a magnetic field induces a voltage, especially
in long conductive objects such as telecommunication lines, fences and gas pipelines, having
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at least one reasonable grounding, when they are installed close to and parallel to magnetic
field sources such as overhead power lines [7]. When 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 methad~usdd 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.-Notée-that-itmay

For lindustrial IH equipment, a method of evaluating touch current in terms of electrical sdfety

is-being standardized-in IEC-TC 27 (industrial electroheatina and elecgftomaanetic nrocesdinga)
SHOeHh g SancardiZze i+ o= —HRausStHai—erectroneatngahce e SFomaghRetcprocesyt

g7
spe¢ified in IEC TS 62996 [10] for the frequency ranges between AAkHz 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
trangmitter and receiver using wireless technologies{ including electromagnetic induction,
resdnance, or capacitance. They are used for wirelessly charging mobile phones, tablet PCs,
eledtric vehicles (EVs) and, so forth. There are several types of WPT, and the frequency ranges
s can vary from tens of kilohertz to tens of meégahertz. When a conductive object is placgdd in
the jmmediate vicinity of a system and a person touches it, a contact current can occur, guch
as ty touching the metal body of an EV when chargmg W|th a WPT charglng system [11].As

safety- Deta|ls regardmg exposure assessment methods for WPT systems are reported in
IEC|TR 62905 [12] and IEC PASW63184 [13]. InHECTFR-62905 these publications, corftact
currents are considered for the,conditions where an ungrounded or grounded metal objett is
plaged in the vicinity of WPT systems.

6.2.p Broadcasting

Burps can occur.at-a point of contact between a human body and a metallic structure that is
exppsed to RE ‘electromagnetic fields from nearby sources such as AM broadcast antenpas.
The[contactpoint between the body and the structure often has a small area and the current
inje¢ted intothe body is concentrated near this point. This can result in localized current-deisity
neaf-thdepntactsufficiently densities strong enough to raise the local temperature and cguse
surface or deep burns [14].

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

When considering the evaluation method for contact currents in the context of human exposure
to electric, magnetic and electromagnetic fields, existing IEC standards related to electrical

safety-may-be can provide some useful-inputs guidance.

6.3.2 IEC standards related to electrical safety
There are several |IEC technical committees in charge of electrical safety. These include:

— TC 64: Electrical installations and protection against electric shock;
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— TC 108: Safety of electronic equipment within the field of audio/video, information
technology and communication technology;

— TC 61: Safety of 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 aspects;

— TC 66: 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

which-thovs wvwnara ~raat A Nt thhat thhn Ml vt~ AT thh A e~ A A A At Al A e A $ d
N WrHER ey Wt CrecotCO— I yoOtCtrat i oot v O gt TP ottt ot C oot Cur eIt an

the @ssumed body impedance, is commonly used as a parameter for setting limits for.tquch
currents.

In I[ECFS 60479-1 [15], a diagram of physiological effects for different touch. currents |and
durgtions is shown (reproduced in Figure 1 and Table 2), which is commonly referenced in
eledtrical 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 measuring\methjod
current [18] of touch‘etrrent
IEC 62368-1:20142023, Audio/video, "Hazard based
information, and communication technology |safetyf-engineeripg
equipment — Part 1: Safety requirements [19] . ted
Stipulates
prospective tough
voltage and tou¢h
current limits
TC 61, Safety of household and similar IEC 60335-1:20462020, Househgldiand Stipulates touch
electrical appliances similar electrical appliances —.Safety — Part | current limits
1: General requirements [20]
TC ¢4, Electrical installations and protection |IEC 60364-4-41:2008, Low-voltage electrical
against electric shock installations — Part,4-41: Protection for safety
— Protection against electric shock [21]
|IEC 6036424241:2005/AMD1:2017
IECFS%60479-1:20052018, Effects of A diagram of
current on human beings and livestock — Part | physiological
1.%General aspects [15] effects for differgnt
) ] body currents and
tECTS-60479-1-2006/AMD:2016-{20] durations is shown

IEC—FS 60479-2:20472019, 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, Insulation{co-ordination and system
engineering of high voltage electrical power
installationsiabove 1,0 kV AC and 1,5 kV DC

IEC 61936-1:20462021, Power installations
exceeding 1 kV AC and 1,5 kV DC - Part 1:
Common-—rules AC [25]

Stipulates touch
voltage limits

TC 606, Safety of measuring, control and
laboratory equipment

TEC 6T0T0-1:2010, Saiely requirements for
electrical equipment for measurement,
control, and laboratory use — Part 1: General
requirements

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

Stipulaies touch
current limits

TC 62/SC 62A, Common aspects of-electrical
equipment used-in-medical practice 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



https://iecnorm.com/api/?name=fcf305428a4c8dd164a59de1bb9319c9

IEC TR 63167:2024 RLV © IEC 2024 -13 -
é 10 000 !
g a b Cq Co \23\\\ \\
= 5000 N
® | 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
2686
100
50 §
N
20 \ \
10 §\\\\ % =
0,1 0,2 0,5 1 5 10 20 50 100 200 500 2000 10 000
1,000 5000
Body current, Iz (mA)
IEC

SOu

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

Figure 1 — Time/ versus current zones of effects{of AC currents (15 Hz to 100 Hz)
on persons for a current path corresponding to left hand to feet
(for explanation.see Table 2)

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

1

Between curves ¢, and C,

1

Between curves C, and Cy

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

AC-4.1 Probability of ventricular fibrillation increasing up to about 5

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

Zonhes Boundaries Physiological effects
C-1 Up to 0,5 mA curve a Rerception possible but usually no "startled" reaction

AC-2 0,5 mA up to curve b Perception and involuntary muscular contractions likely but usually rjo
harmful electrical physiological effects

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

Ad-4 @2 | Above Gutve c Patho-physiological effects-may can occur such as cardiac arrest,

o

Beyond curve c,

AC-4.3 Probability of ventricular fibrillation above 50 %

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

@  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-has-te-be is
considered.
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6.3.3 Modelling human body impedance
6.3.3.1 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-sheuld-be 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 IFC—FS60479-T15], 1T 1S shown that the impedance of the human body varies with thefquch
voltage, and data on this relationship are provided. In addition, the impedance of the human
body for different current paths is also considered.

6.3.8.3 Frequency characteristics

In IEC 60990 [18], circuits that simulate the frequency characteristics of human body impedgnce
are shown for the measurement of touch currents to be used for frequencies up to 1 MHz.|The
circtiit shown in Figure 2 is for an "unweighted" touch current to be adopted for burns, whilg the
circyiit shown in Figure 3, which includes a weighting circuit, considérs the human responge of
pergeption or reaction.

A similar circuit is also shown in-tEEEC-95-3- 27} (Figure4J/IEEE Std C95.3™-2021 [2§]. In

IEEE C95.3, a simulated body impedance (standard (oad) that can be inserted in|the
megsurement circuit when measuring the contact current is shown.
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IEC

Cg—1—0:22pF
500
]
A i
RS I CS
Unweighted touch current (A)
U.
Test terminals = (RMS value)
500
B Ry S
IEC
Key
Rq =1 500
Ry =[600
Cgq =[0,22
R re¢sistance (Q)
C chpacitance(uF)
U vpltage-V)
SOUREE—Figure3-mtEC66990-2646146%

Figure 2 — Measuring network for unweighted touch current-{16}
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Test terminals R,

IEC
Key
R,—10-000Q
Ry 15000 R,
Ry 5000 €,—0022uF
Cg——0:22pF
U.
Weig = ~(peak value)
500
Weighted touch current (A)
Al R v (peak value)
S = Cg =
500
Test terminals &
| — °
“ | I
° Ry S G )
Y
IEC

Key
Rg =1 500
Rg =[6500
Cgq =(0,22
R, =110 000
C, =10,022
R resistdance (Q)

C capacitance (pF)

U voltage (V)

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

Figure 3 — Measuring network for touch current weighted
for perception or startle-reaction [18]
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3.4 Consideration of touching boundary (skin impedance and contact area)

-investigated circuits for the human body impedance considering electrodes, [skin
bdances and spreading impedances have also been proposed,for the frequency ranges from
10 KHz to 10 MHz [29] and from 75 kHz to 15 MHz [30] based on measurements made

on

human subjects. In IEC TS 62996 [10], which deals with _the electrical safety of indugtrial
eledtroheating and electromagnetic processing equipment, the circuit proposed in [29] |was

ado

In a
toug

"grif

assyimed conditions of contact are "point contact" (area not specified) in ICNIRP guidelines

and
cont
15 @

pted with minor modification for frequencies fromst\kHz to 6 MHz.

"touch contact" with a contact area’of 1 cm?2 and "grasping contact" (applicable onlyeflo
roled-environment "persons permitted in restricted environments") with a contact areja

m2 for the |IEEE safety standard’[3].

ddition, the area of contact is stipulated in_the safety standards to properly simulate| the
hing condition in measurements. In the proposed circuits in [10] (Figure 4), [29] and [30],
and "finger" contacts can be considered. In the EMF guidelines (see Annex A),| the

(11,

r-a
of
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Sn 160p Gripping
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Finger / °
740 730 430 Finger
Rs=3x108/(f4)Q & contact
Co=1x1044pF (open)
R=1500-A4-Q
Where f is in Hz and 4 in mm?2
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Connection to
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' Skin : Spread
Primary 1 | | I
contact O———— -
area ' ’ | :
] R | R
S Cs t
_Skinand adjacenttissue | ___ .. _____._
Snk 160 pF Gripping (closed)
Finger
[2)
Finger contact
(open),
740 Q 730 Q 430 Q
1,3 nF
Sum of arm, 540 Q
torso and leg
1,8 kQ

Connection to secondary contact area
IEC

R.=[3x108) -7 4

9
I

1%x107) - 4

R,=]500 4712

wherp

Ry, R is the impedagCe™ih units of Q;

Cq is the cap&eitance, in units of uF;

A is thelarea of contact, in units of mm?;
f i§ the frequency, in units of Hz.

SOURCGEY 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

conductive—object—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
altefnative approacn wouid be 1o USE a pistol grip device hefd in the operators hand with the
tip ¢f the device making contact with the conductive object which protects the operatorifrom
spafk discharge to the body surface. Current is measured within the device, and<{he”bfoad
confact of the operator's palm with the device dilutes the current density from the_device td the
opefator over a large skin area. Another proposed method is measurement~of /the volfage
diffdrence between points of concern on a human body [31]. In this case, the)contact current
can|be calculated from the obtained voltage difference and information on the impedance of the
body between the points.

6.4.p Contact current measurement using a human equivaleft.impedance/circuit

Conjsidering the safety of human subjects and the repeatability)of measurements, it is more
suitable to use an impedance or a circuit that simulates theChuman body as a standardjzed
megdsurement method for contact currents. The human-equivalent circuits shown in 6.3.3|can
be Used for this purpose.

In afldition, for standardization, the area of the contact and the grounding condition-sheuld are
also-be specified to ensure repeatability.

Thefe—are is some-proeducts measurement equipment that-are is commercially available| for
frequencies of 3 kHz to 3 MHz and for frequencies from 40 Hz to 110 MHz, for example. These
insttuments have a human equivalent\€ircuit and provide a flat metal plate used as a grqund
plane. One of these instruments is capable of choosing a grasp or touch contact, while the other
can|measure the contact current through a real human body.

6.4.4 Contact current calculated from measurement of open-circuit voltage

An alternative methodsis\to measure the open-circuit voltage (contact voltage) of a condugtive
objdct to be touched'instead of the measurement of a contact current. The contact current|can
ther] be obtained, by/a calculation using the obtained voltage and information on the human-
equjvalent circuit:

For the caleulation, the human-equivalent circuits shown in 6.3.3 can be used. In addition, more
real|stic\buman models with a few millimetre resolution have been developed for numefical
calcutation [32], [33], [34], [35], [36], [37], and these models can be applied for this purppse.
The realistic computational 3D human body model is derived from 3D imaging technology such
as MRI and CT scans, and the images are then meshed into voxels for numerical analysis. Such
model and methodology can provide much more precise results than the simple circuit model.
A typical human body model grasping an energized metal electrode is shown in Figure 5. The
figure also shows the current density plots and current pathways that result through the
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-sheuld

be-transparent is specified.
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Figure 5 — Realistic computational 3D human body model
and results of calculation of current.density and pathway

Consideration in standardization of evaluation method for contact current

ne moment, there are no standardized:imethods for evaluating the contact currents in|
ext of human exposure to electric, magnetic and electromagnetic fields. In this Claus
s to be considered in future standardization are discussed.

Bcope: A future standard-sheouldowill clarify its scope, i.e. it-sheuld will be limited to the ig
bf contact current related to'the indirect effect of human exposure to electromagnetic fig

Method of measuring contact current: A future standard-sheuld will clearly specify

the
e7,

sue
Ids;
pnly
e

the

+ >ype of cantact (fouch contact, grasping contact);

— 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

AA

The
to
the

EMFK

IEE
bas
guid
freq

A.2

The
for
The

(gen
diffg

General

e are two major international EMF guidelines limiting contact,ciirents caused by expo
blectric, magnetic and electromagnetic fields. These rare’ guidelines published
CNIRP (International Commission on Non-lonizing Radiatien Protection) [1], [2] and

F Std C95.1™-2019 [3]. In these guidelines, limit vdlues of contact currents are sh

Lencies between 100 kHz and 110 MHz.

Reference levels based on ele¢tro-stimulation effects

limit values applied to steady-staté’(continuous) contact currents are shown in Table
CNIRP 2010 (reference levels), and in Table A.2 for IEEE (exposure reference lev
basic rationale for limiting, the contact current for two assumed exposure categd
eral public and occupatigndbor restricted environment) is identical, although there are s
rences in the limit valuésybetween them.

Table A-1"= Reference levels in ICNIRP 2010 guidelines for time
varying contact current from conductive object [1]

pure

by
the

safety standard published by IEEE (Institute of Electrical and Electronics Enginegrs),

own

bd on electro-stimulation effects for frequencies lewer than 10 MHz [1] or 5 MHz [3], While
ance [2] or limit values [3] for contact current9‘ate shown based on thermal effectg for

A1
Bls).
ries
ight

Exposure characteristics Frequency range Maximum contact current
(mA)
Occupational exposure up to 2,5 kHz 1,0
2,5 kHz to 100 kHz 0,41
100 kHz to-+46 40
10 MHz
General public exposure up to 2,5 kHz 0,5
2,5 kHz to 100 kHz 0,2f
100 kHz to-+46 20
10 MHz
NOTE fis frequency in kilohertz.
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2019 [3]

s

Persons in unrestricted
efrreRerts

(mA-RMS)

0,5
0,167f

stimulation effects in IEEE Std C95.1

Frequency range

0 Hz to 3 kHz

3 kHz to 5 MHz
0 Hz to 3 kHz

3 kHz to 5 MHz

— Exposure reference levels (ERLs) of contact current based on

electro

Ta bb%Z

O

@}:ndition

P o CT—ar oo toO1aitC—giaophitg Cormactau o avVoIrg—touu— CoOmacto— Wt coraaguve

nerdonnel - are trained to-make arasnina-contact and -to—avoid-td

Ac tha avaraagina time forthe determination of ﬁnmnlinnﬁa{ﬂ‘\\

MO aveTagritg t oot e o Ctor oo O oo p ot oo e e e = ot oar oS Sp ooy g SOt

02l for fraaguencies less than 5 MHz and 6 min fo

Uy o TOHt

Thelfollowinag reauirement ic for ICNIRP andlsimilar avaluiation formulae are aleso nroviddd in

theEEE standards-

(contact area: 15 cm?)

Contact, grasp

Contact, touch

(contact area: 1 cm?)

NOTE fis in the frequency in kilohertz.

ICNIRP guidelines assume "point contact", while

Regarding the type of contact, the

"grasping contact" (with a contact area of 15 cm2, applicable only for persons permitted in

IEEE Std C95.1-2019 assumes both "touch contact" (with a contact area of 1 .cm?2), and
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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.

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 the averaging time.

For contact currents having multiple frequencies, the following evaluation formula is provided.
The following requirement is for ICNIRP, and similar evaluation formulas are also provided in

|EE -Ste-G96-4-2649-
Y
10MHz [, <1 b‘Q“
Zn=1Hz Ic - Q(l/ (A.1)
NO
whefe Q;b
1, is the contact current component at frequency n; &Q,
Ic.,| 1s the reference level of the contact current at frequency Osee Table A.1).
A.3| Reference levels and a guidance based on éﬂermal effects

In the RF ICNIRP guideline revised in 2020 [2], gm?@e is provided for contact currents ir| the
frequency range of 100 kHz to 110 MHz, rather th providing limit values as reference leyvels
seef in its previous edition. The guidance is med at assisting persons who are respongible
for fransmitting high-power (greater than 10@?)//m at their source, within the frequency rgnge
100lkHz to 100 MHz) radio frequency fi to understand contact currents, the poteptial
hazards, and how to mitigate such hazg\ds. In the guidance, the lowest threshold of tquch
current is approximately 20 mA for ag and within the range of 10 mA for children.

For |JEEE Std C95.1-2019 [3], Inqi%alues ERL) based on thermal effects and applied to steady-
stat¢ (continuous) contact cu&@mts in the frequency range of 100 kHz to 110 MHz are shown in
Table A.3.

Table A.3 (ﬁosure reference levels (ERLs) of contact current based
Q on thermal effects in IEEE Std C95.1-2019 [3]
A

Condlt@.\\
(%

Frequency range

Persons in unrestricted
environments

Persons permitted |n
restricted environmepts

(MA-RMS) (MA-RMS)

Contx@grasp . 100 kHz to 3 MHz - 100

(cortactarea—tsomS 3 MHz to 30 MHz - 100(/73)°-3
30 MHz to 110 MHz - 200

Contact, touch 100 kHz to 3 MHz 16,7 50

(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.

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 cm?2, applicable only
for persons permitted in restricted environment). In IEEE Std C95.1-2019, the grasping contact
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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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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ASSESSMENT OF CONTACT CURRENT RELATED TO HUMAN EXPOSURE
TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compnlising
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internafional
b-operation on all questions concerning standardization in the electrical and electronic fields. To ¢hisvend and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). [Their
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealf with
ay participate in this preparatory work. International, governmental and non-governmental organizations ligdising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatign for
tandardization (ISO) in accordance with conditions determined by agreement between{the two organizatiops.

1)

2) The formal decisions or agreements of IEC on technical matters express, as nearly_as possible, an internafional
bnsensus of opinion on the relevant subjects since each technical committee-has representation from all

terested IEC National Committees.

0 4 (NS 3T VSO0 o

=

3)

FC Publications have the form of recommendations for international use, and are accepted by IEC Nafional
ommittees in that sense. While all reasonable efforts are made to gnsure that the technical content of IEC
ublications is accurate, IEC cannot be held responsible for the ‘way in which they are used or fon any
isinterpretation by any end user.

0O

3

4) In order to promote international uniformity, IEC National Cémmittees undertake to apply IEC Publications
tjansparently to the maximum extent possible in their nationalkand regional publications. Any divergence betjveen
ahy IEC Publication and the corresponding national or regiépal’publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity.® Independent certification bodies provide conformity
apsessment services and, in some areas, access to"lEC marks of conformity. IEC is not responsible fof any
sprvices carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directafs, employees, servants or agents including individual expert§ and
members of its technical committees and I[EC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
ekpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other| IEC
Plublications.

8) Attention is drawn to the Nogmative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to«the possibility that the implementation of this document may involve the use gf (a)

ptent(s). IEC takes nfo position concerning the evidence, validity or applicability of any claimed patent rigits in
bspect thereof. As (of the date of publication of this document, IEC had not received notice of (a) patent(s), which
ay be required to implement this document. However, implementers are cautioned that this may not représent
e latest information, which may be obtained from the patent database available at https://patents.iec.ch| IEC
hall not be-held responsible for identifying any or all such patent rights.

= O

0 =3

IEC|TR 63967 has been prepared by IEC technical committee 106: Methods for the assessment
of glectric, magnetic and electromagnetic fields associated with human exposure. It |s a
Technical Repaort

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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text 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 above table.

The language used for the development of this Technical Report is English.
Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developdd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplementiavailpble
at Wwww.iec.ch/members_experts/refdocs. The main document types developed \by IEC|are
des¢ribed in greater detail at www.iec.ch/publications.
The|committee has decided that the contents of this document will remainionchanged unti| the
stalfility date indicated on the IEC website under webstore.iec.ch in the' data related to| the
spe¢ific document. At this date, the document will be
e feconfirmed,
e \ithdrawn, or
e fevised.
IMPORTANT - The "colour inside™” logo onithe cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding

of

ts contents. Users should therefore«print this document using a colour printer.
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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
; i i rical
(i.e. direct contact with live part of conductive object) to avoid severe electric-shock
hazards. Therefore, the evaluation methods used in the field of electrical safety can’be’ugeful
refefences. This document summarizes general information on the assessment, of cortact
current related to human exposure to electric, magnetic and electromagnetic fields:
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ASSESSMENT OF CONTACT CURRENT RELATED TO HUMAN EXPOSURE

1

TO ELECTRIC, MAGNETIC AND ELECTROMAGNETIC FIELDS

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
condluctive object that is non-electrified but exposed to an electric field or magnetic field or both
at al different electric potential owing to electric or magnetic induction to the objeci.” Th|s is
distinguished from the issue of electrical safety where contact with live parts of-a’condugtive
objgct is dealt with.

In reéference to the international EMF guidelines [1], [2], and [3]?, the frequenty range of contact
current covered in this document is DC to 110 MHz, and only steady-state (continuous) contact
currents are covered. Transient contact currents (spark discharges) which can ogcur
immlediately before the contact with the object are not covered.

2 |Normative references

Thefe are no normative references in this document.

3 |Terms and definitions

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

ISO| and IEC maintain terminology~databases for use in standardization at the following
addresses:

o |EC Electropedia: availablerat https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

contact current

<to human exposure> current flowing through the body resulting from contact with an insulated
conductive objéct 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 in"contact 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
indi

rect effect

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

1

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
spafk discharge
trangfer of current through an air gap prior to making contact with another condugctive obje¢t at
a different potential

4 |Abbreviated terms

3D three dimensional

AC alternating current

AM amplitude modulation

DC direct current

EMKE electric, magnetic or electromagnetic field

EV electric vehicle

FM frequency modulation

ICN|RP International Commission on Non“onizing Radiation Protection
IEEE Institute of Electrical and Electronics Engineers
IH induction heating

MRI magnetic resonance imaging

PC personal computer

RF radio frequency

WPT wireless paower transfer

5 |Contact current in EMF guidelines
Clayse 5 overyiews contact currents described in the EMF guidelines [1], [2], and [3].

In thedrequency range up to approximately 10 MHz (predominantly up to 100 kHz), the flow of
elediric’current from an object in a field to the body of an individual can result in the stimuldtion
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 Eomsideration-imevataati

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

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

b) methods for evaluating a touch current used in electrical nsafety standards| for

eferences (6.3);
c) s$ome proposed methods for evaluating contact currents (6.4)-

6.2 | Assumed situations of human exposure to contact«current
6.2.11 General

There are several situations to be considered for human exposure to a contact current. Diffegrent
cas¢s are considered depending on the type of coupling between fields (electric or magnetic)
and|human bodies or objects.

6.2.p Capacitive coupling (power ling)

An electric field induces, by capacitive/Coupling (electrostatic induction), a voltage in a pefson
or alconductive object that is isolated from the ground. When a person touches an object haying
a different potential, a contact cufrent flows so as to cancel the potential difference. This|can
be ¢ategorized into two cases: (a) an isolated person touches a grounded object and (p) a
groynded person touches @anvisolated object (especially a large object such as a bus pr a
truck) [5]. Comprehensive studies have been carried out for typical cases encountered under
overhead transmission.ines [6].

6.2.8 Inductive‘eoupling (power line)

By inductive.eaupling (electromagnetic induction), a magnetic field induces a voltage, especfally
in Igng caonductive objects such as telecommunication lines, fences and gas pipelines, haying
at lgast(©ne reasonable grounding, when they are installed close to and parallel to magnetic
field sources such as overhead power lines [7]. When a person touches the object, a contact
currentflows—tparticttarinthe-case-of fattteconditionnoverhead-powertinesthe-mitvalues
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
toudhing the metal body of an EV when charging with a WPT charging system [11]. Details
regdrding exposure assessment methods for WPT systems are reported in IEC TR 62905([12]
and| IEC PAS 63184 [13]. In these publications, contact currents are consideréd—for|the
condlitions where an ungrounded or grounded metal object is placed in the viginity of WPT
systems.

6.2.6 Broadcasting

Burps can occur at a point of contact between a human body and a‘metallic structure that is
exppsed to RF electromagnetic fields from nearby sources such,as~-AM broadcast antenpas.
The[contact point between the body and the structure often has a~small area and the current
inje¢ted into the body is concentrated near this point. This,‘can result in localized current
densities strong enough to raise the local temperature and, cause surface or deep burns [14].

6.3 | Methods of measurement of touch current used in electrical safety standards
6.3.11 General

When considering the evaluation method for ggntact currents in the context of human exposgure
to electric, magnetic and electromagnetic.fields, existing IEC standards related to electfical
safdty can provide some useful guidance.

6.3.p IEC standards related to-electrical safety
Thefe are several |IEC technical,committees in charge of electrical safety. These include:

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

— TC 108: Safety ofi-electronic equipment within the field of audio/video, informgtion
echnology and,.cemmunication technology;

C 61: Safetyvof household and similar electrical appliances;

C 99: Sysieém engineering and erection of electrical power installations in systems with
ominakvoltages above 1 kV AC and 1,5 kV DC, particularly concerning safety aspects;

C-66./ Safety of measuring, control and laboratory equipment;

A 62A-—Common 56 of ele

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 measuring\methjod
current [18] of touch‘current
IEC 62368-1:2023, Audio/video, information, |Stiptlates
and communication technology equipment — | prospéctive tough
Part 1: Safety requirements [19] voltage and tou¢h
current limits
TC 61, Safety of household and similar IEC 60335-1:2020, Household and similar Stipulates touch
electrical appliances electrical appliances — Safety — Part 1; current limits
General requirements [20]
TC ¢4, Electrical installations and protection |IEC 60364-4-41:2005, Low-voltage electrical
against electric shock installations — Part 4-41: Protfection for safety
— Protection against electric’shock [21]
IEC 60364-4-41:2005/AMD1:2017
IEC 60479-1:2018, Effects of current on A diagram of
human beings and livestock — Part 1: physiological
General aspects [15] effects for different
body currents and
durations is shown
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, Insulation co-ordinatign and system IEC 61936-1:2021, Power installations Stipulates touch
engineering of high voltagételectrical power |exceeding 1 kV AC and 1,5 kV DC — voltage limits
installations above 1,0 k\V AC and 1,5 kV DC |Part 1: AC [25]
TC 66, Safety of measuring, control and IEC 61010-1:2010, Safety requirements for Stipulates touch
labofratory equipment electrical equipment for measurement, current limits
control, and laboratory use — Part 1: General
requirements
IEC 61010-1:2010/AMD1:2016 [26]
TC 62/S€ 62A, Common aspects of medical |IEC 60601-1:2005, Medical electrical Stipulates "leak@ge

equipment, software, and systems

equipment — Part 1: General requirements
for basic safety and essential performance

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

current” limits
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SOURCE: Figure 20 in IEC 60479-1:2018 [15].

Figure 1 — Time versus current zones of effectsf AC currents (15 Hz to 100 Hz)
on persons for a current path corresponding to left hand to feet
(for explanation.see Table 2)

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

Zonhes Boundaries Physiological effects
AC-1 Up to 0,5 mA curve a Rerception possible but usually no "startled" reaction
AC-2 0,5 mA up to curve b Perception and involuntary muscular contractions likely but usually rjo

harmful electrical physiological effects

AC-3 Curve b and above Strong involuntary muscular contractions. Difficulty in breathing.

Reversible disturbances of heart function. Immobilization can occur.
Effects increasing with current magnitude. Usually, no organic damape
to be expected

AQ-4 2 | Above_ €Cutve c Patho-physiological effects can occur such as cardiac arrest, breath|ng
arrest, and burns or other cellular damage. Probability of ventricular

fibrillation increasing with current magnitude and time

1

Between curves ¢, and c, AC-4.1 Probability of ventricular fibrillation increasing up to about 5 [
Between curves ¢, and ¢, AC-4.2 Probability of ventricular fibrillation up to about 50 %
Beyond curve c, AC-4.3 Probability of ventricular fibrillation above 50 %

@  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 Modelling human body impedance
6.3.3.1 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 IECB0479-T [15], 1t IS shown that the impedance of the human body varies with the fquch
voltage, and data on this relationship are provided. In addition, the impedance of the human
body for different current paths is also considered.

6.3.8.3 Frequency characteristics

In IEC 60990 [18], circuits that simulate the frequency characteristics of human body impedgnce
are shown for the measurement of touch currents to be used for frequencies up to 1 MHz.|The
circliit shown in Figure 2 is for an "unweighted" touch current to be adgpted for burns, whilg the
circliit shown in Figure 3, which includes a weighting circuit, considérs the human response of
pergeption or reaction.

A similar circuit is also shown in IEEE Std C95.3™-2021 [28}.}n IEEE C95.3, a simulated hody
impedance (standard load) that can be inserted in the measurement circuit when measuring the
confact current is shown.

A o 1
RS e CS
Unweighted touch current (A)
U.
Test terminals = (RMS value)
500
B Rg <)

IEC

Rs =1 500
Rg =600

a
1l

s =[0,22

re¢sistance (Q)

R
C capacitance (pF)
U voltage (V)

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

Figure 2 — Measuring network for unweighted touch current
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Weighted touch current (A)
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10 000
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RCE: Figure 4 in IEC 60990:2016 [18].

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

3.4 Consideration of touching boundary (skin impedance and contact area)

-investigated circuits for the .human body impedance considering electrodes,

Hz to 10 MHz [29] and frem 75 kHz to 15 MHz [30] based on measurements madg
an subjects. In IEC TS.62996 [10], which deals with the electrical safety of indus
troheating and electromagnetic processing equipment, the circuit proposed in [29]
pted with minor modification for frequencies from 1 kHz to 6 MHz.

ddition, the area,of contact is stipulated in the safety standards to properly simulate]

and "figger" contacts can be considered. In the EMF guidelines (see Annex A),

"touch tontact" with a contact area of 1 cm2 and "grasping contact" (applicable only

skin

bdances and spreading impedances have also been proposed for the frequency ranges from

b on
trial
was

the
301,
the
11,
for
fety

dard [3]
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