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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 208: Methods to quantify the steady state,
power-frequency electromagnetic fields
generated by HV switchgear assemblies

and HV/LV prefabricated substations,
both for rated voltages above 1 kV
and up to and including 52 kV

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62271-208 document has been prepared by subcommittee 17C: High-voltage switchgear
and controlgear assemblies, of IEC technical committee 17: Switchgear and controlgear.
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The text of this document is based on the following documents:

Enquiry draft Report on voting
17C/450/DTR 17C/462/RVC

With respect to previous TR, in the current version of this document the Isoline measurement
procedure is introduced and compared to the Hot spot one when it is required a measurement
for the characterization of a generated electromagnetic field.

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

A list of all the parts in the IEC 62271 series, under the general title High-voltage switchgear
and controlgear, can be found on the IEC website.

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

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.
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INTRODUCTION

Manufacturers of electricity supply equipment may be asked to provide information about the
electromagnetic field characteristics to enable the user to

e assess the electromagnetic field conditions to assist with planning, installation, operating
instructions and service,

e take measures to meet requirements or regulations on electromagnetic fields,

e compare different products as far as their level of electromagnetic fields is concerned.

The purpose of this document is to describe a methodology for the evaluation (measurement
or calculation) of generated electromagnetic fields. In particular, if a measurement is required,
Hot spot and Isolines procedures are introduced and described.

The electromagnetic field characteristic of the equipment comprises the values of the electric
and the magnetic fields around its accessible surfaces.

The electromagnetic field characteristic defined in this document refers to a single product as
defined in the scope. In real installations, several field sources can superimpose, so the
resulting electromagnetic fields on site may differ significantly from the single product
characteristics.

This document does not define a mandatory test for the products mentioned in the scope.

Neither the establishment of limits for the electromagnetic fields generated by equipment, nor
the establishment of assessment methods for the human exposure to electromagnetic fields is
within the content or intent of this document.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 208: Methods to quantify the steady state,
power-frequency electromagnetic fields
generated by HV switchgear assemblies

and HV/LV prefabricated substations,
both for rated voltages above 1 kV
and up to and including 52 kV

1 Scope

This part of IEC 62271 gives practical guidance for the evaluation and documentation of the
external steady state power-frequency electromagnetic fields which are generated by HV
switchgear and controlgear assemblies and prefabricated substations. Basic requirements to
measure or calculate the electric and magnetic fields are summarised for assemblies covered
by IEC 62271-200 and IEC 62271-201, and for prefabricated substations covered by
IEC 62271-202.

NOTE 1 The methods described in this document refer to three-phase equipment. However, the methodology can
be used correspondingly for any single- or multi-phase equipment covered by this document.

This document applies to equipment rated for voltages up to and including 52 kV and power-
frequencies from 15 Hz to 60 Hz. The electromagnetic fields which are generated by
harmonics or transients are not considered in this document. However, the methods described
are equally applicable to the harmonic fields of the power-frequency.

Detailed generic information on requirements and measurements of low-frequency
electromagnetic fields is given in IEC 61786.

This document covers evaluation under factory or laboratory conditions before installation.
The electric and the magnetic fields can be evaluated either by measurements or by
calculations.

NOTE 2 Where practicable, the methods described in this document can also be used for installations on site.

It is not within the scope of this document to specify limit values of electromagnetic fields or
methods for the assessment of human exposure.

2 Normative references

The following referenced documents are indispensable for the application 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 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic documents -
Immunity for industrial environments

IEC 61786, Measurement of low-frequency magnetic and electric fields with regard to
exposure of human beings — Special requirements for instruments and guidance for
measurements

IEC 62110, Electric and magnetic field levels generated by AC power systems — Measurement
procedures with regard to public exposure
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IEC 62271-200, High-voltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC 62271-201, High-voltage switchgear and controlgear — Part 201: AC solid-insulation-
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including 52
kV

IEC 62271-202, High-voltage switchgear and controlgear — Part 202: AC prefabricated
substations for rated voltages above 1 kV and up to and including 52 kV

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

3.1
EMF
abbreviation for the term “electromagnetic field(s)”

3.2

electric field characteristic

values (RMS) and spatial distribution of the electric field strength (E) expressed in kV/m at
rated voltage and frequency around all accessible surfaces of the equipment

Note 1 to entry: The electric field characteristic is the resultant of the RMS values of the three orthogonal vector
components.

3.3

magnetic field characteristic

values (RMS) and spatial distribution of the magnetic field strength (H) expressed in A/m or
the magnetic flux density (B) expressed in uT, at rated continuous current and frequency
around all accessible surfaces of the equipment

Note 1 to entry: The magnetic field characteristic is the resultant of the RMS values of the three orthogonal vector
components.

Note 2 to entry: The terms “resultant electric field” and “resultant magnetic field” are defined in IEC 61786.

3.4

accessible surfaces

those parts of the walls and roof of prefabricated substations or HV switchgear and
controlgear assemblies that can be touched with all covers and doors in closed position in
normal service conditions

3.5

reference surface

RS

virtual envelope containing the equipment for evaluation purposes

3.6

measurement surface

MS

virtual envelope defined outside the reference surface at 20 cm distance for measuring hot
spots

3.7

hot spot

centre of an area of a local maximum of the electric or the magnetic field at the measurement
surface

3.8
EMF characteristic
spatial distribution of the Electric Field characteristic and of the Magnetic Field strength
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Note 1 to entry: The spatial distribution is derived from a measurement or calculation grid.

3.9

measurement volume

MV

virtual space in which the electromagnetic background field does not exceed an appropriate
level to permit the uninfluenced measurement of the electric and magnetic fields generated by
the high-voltage switchgear and controlgear assembly or the prefabricated substations

3.10 measurement plane
horizontal virtual plane on a specific height above floor level on which the measurement
points are taken

3.1
isoline
line of constant electric or magnetic field characteristic on a measurement plane

4 Evaluation requirements

4.1 General

The EMF characteristic of HV switchgear and controlgear assemblies or HV/LV prefabricated
substations is the measured or calculated electric field strength and magnetic flux density
around all accessible surfaces under the conditions for evaluation described below. These
conditions represent the service, where the loading of the switchgear and controlgear
assemblies and, in a substation, of the power transformer is at defined values.

As the electric and magnetic fields are dependent on the physical arrangement of incoming
and outgoing cables and their loadings, these parameters have to be recorded. The presence
of other field sources and shielding or other metallic structures shall be recorded.

The recordings shall be carried out in such a way that the loadings, material characteristics,
and geometrical configuration (including metric distances) are clearly indicated.

The EMF characteristic shall be evaluated for the conditions that would result in the highest
levels of electric and magnetic fields in normal, undisturbed service. These conditions include
the highest currents and largest loops realistically possible through the assembly working at
maximum capacity. EMF caused by switching operations, including interruption of fault
currents, or other transient phenomena is deemed to be incidental and shall not be
considered.

Electric field strength and magnetic flux density shall be recorded as the resultant of the RMS
values of the three orthogonal vector components.

The evaluation shall be carried out at the rated frequency of the equipment.

However, in the frequency range from 15 Hz up to and including 60 Hz the actual value of
frequency does not significantly affect the levels of generated E fields for any given values of
voltage. Therefore, evaluation at any frequency up to and including 60 Hz is considered valid.

Similarly, the difference in attenuation of B fields by metallic enclosures at 50 Hz and 60 Hz
can be ignored for the purpose of this document. Therefore, evaluation at 50 Hz is considered
applicable also for 60 Hz and vice versa.

In the power-frequency range covered by this document the electric and magnetic fields may
be treated separately. When selecting the conditions to obtain the highest level of electric and
magnetic fields as realistically as possible in undisturbed service, the following subclauses
should be considered.

4.2 Methods of evaluation

The EMF characteristic may be evaluated by measurement or by calculation.
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4.3 Evaluation of electric fields
4.3.1 HV assemblies

The equipment shall be evaluated at the rated voltage of the HV switchgear and controlgear
assemblies.

Only if the evaluation cannot be carried out at rated voltage, the results shall be extrapolated
to the rated value. Since the electric field strength is a linear function of the voltage, the field
strengths for different high voltages may be extrapolated linearly.

4.3.2 HV/LV prefabricated substations

The equipment shall be evaluated at the rated high voltage of the HV/LV power
transformer(s).

Only if the evaluation cannot be carried out at rated voltage, the results shall be extrapolated
to the rated value. Since the electric field strength is a linear function of the voltage, the field
strengths for different high voltages may be extrapolated linearly.

4.4 Evaluation of magnetic fields
4.41 HV assemblies

To evaluate the HV assembly magnetic field, use the rated continuous current given on the
switchgear nameplate. The HV circuit shall be selected to form the widest possible current
loop between the incoming and outgoing functional units (panels) of the switchgear and
controlgear assemblies to obtain the maximum magnetic field by using the smallest number of
circuits, taking into account their rated continuous current. An example is shown in Figure 1.

If the evaluation cannot be carried out at the rated continuous current the results shall be
extrapolated to the rated value. Any saturation effect will be less pronounced at lower
currents, therefore extrapolation from lower to higher values of current is allowed since it can
only result in an overestimate of the B field.
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HV/LV prefabricated substation

IEC 2039/09
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Figure 1 — Example of test circuits configuration to obtain the maximum external
magnetic field of a HV assembly and/or a prefabricated substation

4.4.2 HV/LV prefabricated substations

For the HV assembly, 4.4.1 applies.

The LV switchgear and controlgear assembly and the power transformer shall be loaded with
the highest continuous current derived from the rated power of the prefabricated substation
and the highest LV rated current of the corresponding power transformer for a given LV level.
The circuit shall be configured to form the highest concentration of currents to obtain the
maximum magnetic field. This can be achieved by using the smallest number of circuits,
choosing those located closest to the enclosure of the prefabricated substation and taking into
account their rated continuous currents. An example is shown in Figure 1.

NOTE: See 5.5 of IEC 62271-202:2022 for further information about the different rated currents

If the evaluation cannot be carried out at the rated power for a given LV level, the results shall
be extrapolated to the rated value. Any saturation effect will be less pronounced at lower
currents, therefore extrapolation from lower to higher values of current is allowed since it can
only result in an overestimate of the B field.

The extrapolation of magnetic field values is not permitted if the currents on the HV and LV
sides of the prefabricated substation vary independently.

5 Measurements

5.1 General
At power-frequency the electric and magnetic field are independent from each other. Hence,

magnetic flux density and electric field strength characteristic need not be recorded
simultaneously.

The electric field characteristic of the equipment is independent of the load current.
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The magnetic field characteristic of the equipment is independent of the voltage.

NOTE General guidance on measurement procedures for electric and magnetic fields can also be found in
IEC 62110 and IEC 61786.

5.2 Measuring instruments

Instruments for measuring electric and magnetic fields shall meet the requirements of
specification and calibration given by IEC 61786. The calibration report shall be traceable to
national or International Standards. These instruments should be used in appropriate
conditions, in particular with regard to

e electromagnetic immunity according to IEC 61000-6-2,
e immunity of power-frequency electric field on magnetic field measurement,
e temperature and humidity ranges as recommended by the instrument manufacturer.

A three-axis instrument measures RMS values of resultant field F,. A single-axis instrument
may be used to obtain F, by measuring F,, Fy, and F,, using Equation (1), where F,, Fy and F,
are RMS values of the orthogonal three-axis components of electric or magnetic field.

Fr=\EZ +F2 +F? (1)

The use of a three-axis instrument with three concentric sensors is preferred. However, if a
single-axis instrument is used, special attention should be paid to the orientation of the sensor
along three orthogonal directions. The orientation of the sensor shall be changed without
moving the position of its centre.

In the case of non-concentric sensors, the locations and orientations of the sensors that are
contained within the housings of field meters shall be clearly indicated on the instrument or in
the instruction manual.

During the evaluation of the magnetic field generated by HV assemblies and HV/LV
prefabricated substations, the distance between the field source and the measuring
instrument is relatively short (in comparison to other AC power equipment like overhead
lines). In general, the measurements will be carried out in non-uniform fields. In case of the
magnetic field measurement, it is necessary to consider the ratio of distance (dg.) from the
field source and sensor radius (a). For measurements with a three-axis instrument, a
minimum ratio of 4 is considered suitable.

For example, when using a probe with radius 5 cm the minimum distance to the field source
would be 20 cm considering a ratio of 4. More information about this topic can be found in IEC
61786.

5.3 Measurement procedures

If measurement procedures are used, one of the following methods shall be used: a) Hot spot
measurement procedure b) Isoline measurement procedure.

5.3.1 General

To consider equipment of all kinds of shape, a virtual envelope containing the equipment is
defined as the reference surface (RS); see Figure 2. The purpose of the RS is to integrate
irregularities and to eliminate abrupt changes in the measurement surface (MS). The MS is
defined outside the RS at 20 cm distance.

NOTE A measurement distance between 0,10 m and 0,20 m corresponds to the distance from the centre of a
person’s body to an accessible surface when a person is leaning against it. Taking into account the practical sizes
of field probes and the necessary clearance to avoid direct contact of the probe with the accessible surface, 0,20 m
IS considered the minimum measurement distance. Some national regulations as well as IEC 62110 take this
distance as their basis.
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