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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
INDUSTRIAL ELECTROHEATING AND ELECTROMAGNETIC PROCESSING  

EQUIPMENT – REQUIREMENTS ON TOUCH CURRENTS, VOLTAGES  
AND ELECTRIC FIELDS FROM 1 kHz TO 6 MHz 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

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

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

The main task of IEC technical committees is to prepare International Standards. In 
exceptional circumstances, a technical committee may propose the publication of a technical 
specification when 

• the required support cannot be obtained for the publication of an International Standard, 
despite repeated efforts, or 

• the subject is still under technical development or where, for any other reason, there is the 
future but no immediate possibility of an agreement on an International Standard. 

Technical specifications are subject to review within three years of publication to decide 
whether they can be transformed into International Standards.  

IEC TS 62996, which is a technical specification, has been prepared by IEC technical 
committee 27: Industrial electroheating and electromagnetic processing. 
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The text of this document is based on the following documents: 

Draft TS Report on voting 

27/1005/DTS 27/1010/RVDTS 

 
Full information on the voting for the approval of this document can be found in the report on 
voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

In this document, the following print types are used: 

• terms defined in Clause 3: in bold type. 

• in Table A.4 and Table A.5, the resulting voltage limits are bolded, for clarity. 

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

• transformed into an International standard, 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

A bilingual version of this publication may be issued at a later date. 

 

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

Touch and touch currents and voltages constitute a very important category of electrical 
safety issues particularly for electroheating (EH) equipment and equipment for electro-
magnetic processing of materials (EPM). The equipment manufacturer is mandated to 
adequately reduce any hazard from touching live equipment parts. For being able to do so, 
assessments and verifications are necessary for determination of hazards. 

During the drafting of IEC 60519-1:2015, it became apparent that there was a need for a 
technical specification providing an overview, a guidance and requirements for users of that 
standard, and dealing with the nearest higher frequency interval above that of IEC 61140 and 
IEC 60204 (all parts). A revised IEC 61140:2016 covers issues up to 1 kHz (up to 200 Hz in 
earlier editions). Thus, this document deals with touch and touch currents and voltages in the 
frequency range from 1 kHz to 6 MHz. This range was adopted due to deviating frequency 
dependence of skin impedances below 1 kHz. 

In principle, cases with strong external electric fields where the person is not touching the live 
insulated or bare live conductor are closely related to cases where the person is actually 
touching an insulated live conductor. These cases of currents in parts of the body by 
capacitive coupling are therefore included in this document. 

NOTE A parallel IEC technical specification IEC TS 62997:2017 is developed by TC 27, dealing with the magnetic 
nearfields from 1 Hz to 6 MHz. 

The upper frequency limit 6 MHz is chosen due to 

– higher frequencies not being expected in internal frequency converters for DC voltage 
transformation in equipment, 

– the free space wavelength of 6 MHz being 50 m, which results in wave phenomena that 
essentially not exist with or at objects with less than 10 % spatial dimensions of this, 

– the fact that the power penetration depth limitation by the equivalent complex permittivity 
of body tissues has not yet set in at 6 MHz, so currents can be considered to be the same 
across the two touch areas and their patterns are as with low frequencies, and 

– industrial processing frequencies below this limit are typically low impedance; higher 
impedance dielectric heating has its lowest ISM frequency at 6,8 MHz and is dealt with in 
IEC 60519-9. 

Separation of electric shock (by a current between two parts of the body, creating an internal 
electric field by the tissue impedance) and induced electric shock (by an internally induced 
electric field caused by an external alternating magnetic field) is generally possible in the 
frequency interval considered in this document, since the latter requires a very high current in 
the conductor generating the magnetic field and conductor resistive losses are low by design. 
However, touching of such a conductor can occur and both mechanisms will then have to be 
assessed. 

Impedance considerations for skin and other parts of the body are usually not included in 
sufficient detail in most existing standards, technical specifications and guidelines. With the 
exception of IEC 60601 (all parts) for medical equipment, no IEC standards provide 
reasonably complete touch current and voltage specifications. Equivalent test circuits tend to 
be too general and in some instances even contradictory to established literature data. This 
specification includes references to relevant IEC, IEEE, ICNIRP, EN and scientific literature 
data. Additional inputs are from numerical calculations with model situations, and volunteer 
studies. 
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Local overheating of particularly skin regions can be the dominating hazard at frequencies 
higher than some tens of kilohertz. Hazard limits are then to be based on skin impedances, 
thermal properties and touch as well as current path cross section area considerations. In 
addition, awareness, perception and withdrawal considerations become crucial. All these 
factors are dealt with in this document, in a more detailed way than in any other IEC 
publication. 

Even if the scope of IEC TC 27 is limited to industrial electroheating and electromagnetic 
processing of materials, this document can fill an important gap, with its generally applicable 
and detailed specifications for higher frequencies than alternating current. It is therefore 
expected to be of more general use. It should, however, be observed that in particular skin 
impedances behave non-linearly for frequencies below about 1 kHz. 
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INDUSTRIAL ELECTROHEATING AND ELECTROMAGNETIC PROCESSING  
EQUIPMENT – REQUIREMENTS ON TOUCH CURRENTS, VOLTAGES  

AND ELECTRIC FIELDS FROM 1 kHz TO 6 MHz 
 
 
 

1 Scope 

This document addresses the safety assessments in the frequency range between 1 kHz and 
6 MHz and provides limits for touch and touch currents for industrial installations or equipment 
for electroheating (EH) and electromagnetic processing of materials (EPM). Indirect contact 
by capacitive currents to parts of an earthed human body in an open space are also included, 
since the current is then distributed analogously in the part of the body and differs from cases 
of induced electric shock. 

NOTE 1 Induced electric shock phenomena are caused by the alternating magnetic field external to a 
current-carrying conductor, inducing an electric field in a part of the body in the vicinity of or directly contacting it. 
The causes are thus different from those causing electric shock phenomena and are dealt with in IEC TS 62997 on 
magnetic nearfield safety, developed by TC 27. 

The overall safety requirements for the various types of EH or EPM equipment and 
installations in general result from the joint application of the general requirements specified 
in IEC 60519-1:2015 and related particular requirements covering specific types of 
installations or equipment. This document complements IEC 60519-1:2015. 

NOTE 2 This document complements Annex B in IEC 60519-1:2015. 

On contacting, this document is based primarily on a movement of the primary contact area in 
relation to the live part, resulting in a contact or touch current. The awareness, perception 
and reaction times differ in comparison with a situation where a person is, for example, 
leaning towards or holding a conductor which subsequently becomes live, or a similar fault 
condition. Different considerations are then applicable and are dealt with in a detailed way in 
this document. 

Since high impedances for dry skin will result in the lowest touch current and the dryness is 
typically variable, data for only moist and wet skin are used in this document. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60417, Graphical symbols for use on equipment (available at  
http://www.graphical-symbols.info/equipment) 

IEC 60519-1:2015, Safety in installations for electroheating and electromagnetic processing – 
Part 1: General requirements 

3 Terms and definitions 

For the purposes of this document the terms and definitions given in IEC 60519-1:2015 and 
the following apply. 
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ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

– IEC Electropedia: available at http://www.electropedia.org/ 
– ISO Online browsing platform: available at http://www.iso.org/obp. 

NOTE General definitions are given in IEC 60050, the International Electrotechnical Vocabulary. Terms relating to 
industrial electroheating are defined in IEC 60050-841. 

3.1  
aversion 
experience that is disliked but can be accepted for a short time before voluntary withdrawal 

Note 1 to entry: Reactions to aversive stimuli are consciously controlled, as opposed to reactions to pain which 
can normally not. 

Note 2 to entry: The strength of an internal electric field causing muscle or nerve pain is typically twice the 
strength of a field causing aversion. 

3.2  
awareness 
mental preparedness regarding an unpleasant experience if an object is touched, or that it 
can become live while being held 

Note 1 to entry: Lack of awareness will typically delay the action of withdrawal. 

3.3  
electric shock 
pathophysiological effect resulting from an electric current passing through a human or animal 
body 

Note 1 to entry: The effects in the frequency range below 100 kHz are essentially immediate, as muscle and 
nerve reactions. In the higher frequency range, these have vanished and time-dependent local overheating can 
occur. 

Note 2 to entry: The definition requires two contact areas, or an area of the body near a voltage source and a 
contact area at another potential, between which the current flows. No induced currents are supposed to be 
created, as with induced electric shock dealt with in IEC TS 62997. 

[SOURCE IEC 60050-195:1998, 195-01-04, modified – The notes have been added.] 

3.4  
pain 
unpleasant experience such that it is not readily accepted a second time by the subject 
submitted to it 

EXAMPLE A capacitor discharge corresponding to 50 to 100 × 10-6 A2s between gripping hands, the sting of a 
bee, the burn of a cigarette.  

Note 1 to entry: Agents at the pain level cause harm as defined in for example IEC 60050-903:2013, 903-01-01. 

Note 2 to entry: The examples are objective statements for standardisation purposes. Subjective experiences 
vary. 

[SOURCE: IEC TS 60479-2:2017, 3.13, modified – The example has been rephrased, and the 
notes have been added.] 

3.5  
primary capacitive current area 
accessible but insulated live conductive 100 mm × 200 mm area, or the smaller area if the 
accessible area is smaller 
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3.6  
primary contact area 
live part which is advertently or inadvertently touched by a part of the body closing the touch 
current circuit 

3.7  
prospective primary capacitive current area 
part of the body in its most onerous position facing the live source 

3.8  
prospective touch voltage 
open circuit voltage between the prospective primary contact area and the secondary 
contact area 

Note 1 to entry: The effective touch voltage that is between the two parts of the body, with the active touch 
current. 

Note 2 to entry: The definition differs from 195-05-09 of IEC 60050-195:1998 by the introduction of more general 
contact area definitions (in 3.5, 3.6 and 3.10). 

3.9  
reference levels 
RL 
directly measurable quantities, derived from basic restrictions and provided for practical 
exposure assessment purposes 

Note 1 to entry: The meaning of the term differs between some standards and guidelines, with regard to the 
considerations of safety factors. 

Note 2 to entry: Reference levels are as such not referring to any levels of immediate nerve and muscle 
reactions, or sensations of any gradual heating of the tissue. 

Note 3 to entry: Another term, used by IEEE and EU, is action level (AL). 

3.10  
secondary contact area 
live part or ground, with or without protective insulation, through which the current flows when 
the primary contact area is being contacted or touched, or through the prospective primary 
capacitive current area 

3.11  
touch current 
electric current passing between the primary contact area or prospective primary 
capacitive current area, and the secondary contact area 

4 Organization and use of this document 

It is recommended that this document be studied in the listed order below. The order of use 
then depends on what is deemed to be critical. However, this document is very detailed and 
there are many cross-references. They are important for determining the most significant 
hazard condition. In particular, Annex A with its Table A.4 and Table A.5 is helpful in this 
respect. 

a) Clause 10 presents the basic touch current limitations as function of frequency up to 
100 kHz, i.e. the non-thermal case of possible muscle and nerve reactions, with 
consideration of various situations where a touch current can occur. The three current 
level categories are shown in Figure 2. Further requirements including risk levels are given 
in 12.2 and Clause 14. 

b) Hazardous heating of bodyparts including skin burns are possible, in particular at 
frequencies higher than 100 kHz where painful muscle and nerve reaction no longer occur. 
The basic requirements are in Clause 11. Thermal data and further requirements including 
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risk levels are given in 12.3, with Table 1 being helpful. Clause 14 deals with risk levels 
and warning marking. 

c) There are also source voltage limits for touch currents, for avoiding initiation of arcing 
effects upon touching. These are specified in Clause 5, with some important comments in 
Clause B.6. 

d) The kinds of contact such as by a fingertip, gripping, and through protective means are 
crucial for the determination of the touch current and skin heating. Standardizing 
specifications of contacting geometries are given in Clause 7. 

e) It is necessary to be able to assess and calculate the relevant bodypart and skin 
impedances for obtaining the possible touch currents and skin heating. These 
impedances are given in Clause 8, with its Figure 1. Both the moist skin (normal) and wet 
skin conditions are dealt with. 

f) There is furthermore a need to know additional external impedances in the overall source 
circuit. The source internal impedance is dealt with in Clause 6, and capacitive 
impedances by insulating protection, gloves, etc. are dealt with in Clause 9. 

g) Clause 9 also deals with capacitively coupled bodycurrents caused by the electric field 
from an inaccessible source. 

Clause 13 is applicable in case of source voltage harmonics. Annex A contains a number of 
examples illustrating the different hazard-related criteria. Annex B provides rationales, 
references and volunteer studies in the non-thermal case, and Annex C provides additional 
informative material on skin anatomy, impedances for wet, moist and dry skin, and body 
impedances. 

5 Prospective source voltage limits 

NOTE 1 The limits set out in Clause 5 apply in addition to those in Clauses 10 and 11. 

NOTE 2 Rationales are given in Annex B, which also provides details and data from the references which are 
used in this document. 

Between the frequencies f = 1 kHz and 100 kHz, the peak source voltage U is reduced from 
400 V peak to 200 V peak, by the formula U = 400 × f –0,15, with f in kHz. It is 140 V RMS 
between 100 kHz and 6 MHz. 

This applies also for insulated live parts dealt with in 9.2, which specifies the measurement 
method. 

A higher voltage is allowed if it can be shown for the specific situation via measurements that 
a higher prospective touch voltage can be tolerated without arcing. 

NOTE 3 The formula for the voltage between 1 kHz and 100 kHz is linear in a log-log scale. 

6 Assessment of the source impedance 

Source impedances are in series with the other impedances addressed in Clauses 7, 8 and 9. 
If they are known beforehand to be insignificant for the assessments, no measurements are 
needed. 

NOTE An overall source impedance less than approximately 25 Ω is typically considered to be insignificant. 

For source impedances exceeding 25 Ω, voltage measurements across applied test resistors 
and capacitors are made in turn, in addition to the prospective touch voltage measurement, 
for determination of the equivalent series source complex impedance. 

Any contact area insulation addressed in 9.2 is not a part of the source impedance. It is 
instead included as a series capacitance to the touch area. 

Full document details: PD IEC/TS 62996:2017
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