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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 70 

____________ 71 

 72 

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  73 

 74 

Part 208: Methods to quantify the steady state,  75 

power-frequency electromagnetic fields  76 

generated by HV switchgear assemblies  77 

and HV/LV prefabricated substations 78 

 79 

 80 

FOREWORD1) The International Electrotechnical Commission (IEC) is a worldwide organization for 81 
standardization comprising all national electrotechnical committees (IEC National Committees). The object of  82 
IEC is to promote international co-operation on all questions concerning standardization in the electrical and 83 
electronic fields. To this end and in addition to other activi ties, IEC publishes International Standards, 84 
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter 85 
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National 86 
Committee interested in the subject dealt with may participate in this preparatory work. International, 87 
governmental and non-governmental organizations liaising with the IEC also participate in this preparation. IEC 88 
collaborates closely with the International Organization for Standardization (ISO) in accordance with conditions 89 
determined by agreement between the two organizations. 90 

2) The formal decisions or agreements of IEC on technical mat ters express, as nearly as possible, an international 91 
consensus of opinion on the relevant subjects since each technical committee has representation from all 92 
interested IEC National Committees.  93 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 94 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 95 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for a ny 96 
misinterpretation by any end user. 97 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat ions 98 
transparently to the maximum extent possible in their national and regional publications. Any divergence 99 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 100 
the latter. 101 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 102 
assessment services and, in some areas, access to IEC marks of conformity. IEC is  not responsible for any 103 
services carried out by independent certification bodies.  104 

6) All users should ensure that they have the latest edition of this publication.  105 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 106 
members of its technical committees and IEC National Committees for any personal injury, property damage or 107 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 108 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 109 
Publications.  110 

8) Attention is drawn to the Normative references cited in this publication. Use of the ref erenced publications is 111 
indispensable for the correct application of this publication. 112 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 113 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 114 

The main task of IEC technical committees is to prepare International Standards. However, a 115 
technical committee may propose the publication of a technical report when it has collected 116 
data of a different kind from that which is normally published as an International Standard, for 117 
example "state of the art". 118 

IEC 62271-208 document has been prepared by subcommittee 17C: High-voltage switchgear 119 
and controlgear assemblies, of IEC technical committee 17: Switchgear and controlgear. 120 

121 
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The text of this document is based on the following documents: 122 

Enquiry draft Report on voting 

17C/450/DTR 17C/462/RVC 

 123 

Full information on the voting for the approval of this document can be found in the report on 124 
voting indicated in the above table. 125 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 126 

A list of all the parts in the IEC 62271 series, under the general title High-voltage switchgear 127 
and controlgear, can be found on the IEC website. 128 

The committee has decided that the contents of this publication will remain unchanged until 129 
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in 130 
the data related to the specific publication. At this date, the publication will be  131 

• reconfirmed, 132 

• withdrawn, 133 

• replaced by a revised edition, or 134 

• amended. 135 

 136 

137 
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INTRODUCTION 138 

Manufacturers of electricity supply equipment may be asked to provide information about the 139 
electromagnetic field characteristics to enable the user to 140 

• assess the electromagnetic field conditions to assist with planning, installation, operating 141 
instructions and service, 142 

• take measures to meet requirements or regulations on electromagnetic fields, 143 

• compare different products as far as their level of electromagnetic fields is concerned. 144 

The purpose of this document is to describe a methodology for the evaluation (measurement 145 
or calculation) of generated electromagnetic fields. 146 

The electromagnetic field characteristic of the equipment comprises the values of the electric 147 
and the magnetic fields around its accessible surfaces. 148 

The electromagnetic field characteristic defined in this document refers to a single product as 149 
defined in the scope. In real installations, several field sources can superimpose, so the 150 
resulting electromagnetic fields on site may differ significantly from the single product 151 
characteristics. 152 

This document does not define a mandatory test for the products mentioned in the scope.  153 

Neither the establishment of limits for the electromagnetic fields generated by equipment, nor 154 
the establishment of assessment methods for the human exposure to electromagnetic fields is 155 
within the content or intent of this document. 156 

 157 

158 
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  159 

 160 

Part 208: Methods to quantify the steady state,  161 

power-frequency electromagnetic fields  162 

generated by HV switchgear assemblies  163 

and HV/LV prefabricated substations 164 

 165 

 166 

 167 

1 Scope 168 

This part of IEC 62271 gives practical guidance for the evaluation and documentation of the 169 
external electromagnetic fields which are generated by HV switchgear assemblies and HV/LV 170 
prefabricated substations. Basic requirements to measure or calculate the electric and 171 
magnetic fields are summarised for switchgear assemblies covered by IEC 62271-200 and 172 
IEC 62271-201, and for prefabricated substations covered by IEC 62271-202. 173 

NOTE 1 The methods described in this document refer to three-phase equipment. However, the methodology may 174 
be used correspondingly for any single- or multi-phase equipment covered by this document. 175 

This document applies to equipment rated for voltages up to and including 52 kV and power-176 
frequencies from 15 Hz to 60 Hz. The electromagnetic fields which are generated by 177 
harmonics or transients are not considered in this document. However, the methods described 178 
are equally applicable to the harmonic fields of the power-frequency. 179 

Detailed generic information on requirements and measurements of low-frequency 180 
electromagnetic fields is given in IEC 61786. 181 

This document covers evaluation under factory or laboratory conditions before installation. 182 
The electric and the magnetic fields can be evaluated either by measurements or by 183 
calculations. 184 

NOTE 2 Where practicable, the methods described in this document may also be used for installations on site. 185 

It is not within the scope of this document to specify limit values of electromagnetic fields or 186 
methods for the assessment of human exposure. 187 

2 Normative references 188 

The following referenced documents are indispensable for the application of this document. 189 
For dated references, only the edition cited applies. For undated references, the latest edition 190 
of the referenced document (including any amendments) applies. 191 

IEC 61000-6-2, Electromagnetic compatibility (EMC) – Part 6-2: Generic documents - 192 
Immunity for industrial environments 193 

IEC 61786, Measurement of low-frequency magnetic and electric fields with regard to 194 
exposure of human beings – Special requirements for instruments and guidance for 195 
measurements  196 

IEC 62110:2009, Electric and magnetic field levels generated by AC power systems – 197 
Measurement procedures with regard to public exposure 198 

 199 

IEC 62271-200, High-voltage switchgear and controlgear – Part 200: AC metal-enclosed 200 
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV  201 
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IEC 62271-201, High-voltage switchgear and controlgear – Part 201: AC insulation-enclosed 202 
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV 203 

IEC 62271-202, High-voltage switchgear and controlgear – Part 202: High-voltage/low-voltage 204 
prefabricated substation 205 

3 Terms and definitions 206 

For the purposes of this document, the following terms and definitions apply. 207 

3.1  208 
EMF 209 
abbreviation for the term “electromagnetic field(s)” 210 

3.2  211 
electric field characteristic 212 
values (r.m.s.) and spatial distribution of the electric field strength at rated voltage and 213 
frequency around all accessible surfaces of the equipment. The electric field characteristic is 214 
the resultant of the r.m.s. values of the three orthogonal vector components 215 

3.3  216 
magnetic field characteristic 217 
values (r.m.s.) and spatial distribution of the magnetic field, expressed in [A/m] or, as 218 
magnetic flux density, in Tesla, at rated continuous current and frequency around all 219 
accessible surfaces of the equipment. The magnetic field characteristic is the resultant of the 220 
r.m.s. values of the three orthogonal vector components 221 

NOTE The terms “resultant electric field” and “resultant magnetic field” are defined in IEC 61786. 222 

3.4  223 
accessible surfaces 224 
those parts of the walls and roof of prefabricated substations or HV switchgear assemblies 225 
that can be touched with all covers and doors in closed position in normal service conditions 226 

3.5  227 
reference surface  228 
RS 229 
virtual envelope containing the equipment for evaluation purposes 230 

3.6  231 
measurement surface  232 
MS 233 
defined outside the reference surface at 20 cm distance 234 

NOTE This surface is used for measuring the hot spots (and/or Isoline locations) and the variation of the EMF. 235 

3.7  236 
hot spot 237 
centre of an area of a local maximum of the electric or the magnetic field 238 

3.8  239 
EMF characteristic 240 
spatial distribution of the resultant (modulus) of the r.m.s. electric field strength (E) and the 241 
magnetic flux density (B). The spatial distribution is derived from a measurement or 242 
calculation grid 243 
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3.9  244 
measurement volume  245 
MV 246 
virtual space in which the electromagnetic background field does not exceed an appropriate 247 
level to permit the uninfluenced measurement of the electric and magnetic fields generated by 248 
the equipment: the high-voltage switchgear, controlgear and/or HV/LV prefabricated 249 
substations as object of the quantification of the electromagnetic fields. 250 

3.10 Measurement plane 251 
horizontal virtual plane on a specific height above floor level on which the measurement 252 
points are taken. 253 
 254 

3.11  255 
Isoline 256 
A line of constant field value on a measurement plane. 257 

4 Evaluation requirements 258 

4.1 General 259 

The EMF characteristic of HV switchgear assemblies or HV/LV prefabricated substations is 260 
the measured or calculated electric field strength and magnetic flux density around all 261 
accessible surfaces under the conditions for evaluation described below. These conditions 262 
represent the service, where the loading of the switchgear assemblies and, in a substation, of 263 
the transformer is at defined values.  264 

As the electric and magnetic fields are dependent on the physical arrangement of incoming 265 
and outgoing cables and their loadings, these parameters have to be recorded. The presence 266 
of other field sources and shielding or other metallic structures shall be recorded.  267 

The recordings shall be carried out in such a way that the loadings, material characteristics, 268 
and geometrical configuration (including metric distances) are clearly indicated. 269 

The EMF characteristic shall be evaluated for the conditions that would result in the highest 270 
levels of electric and magnetic fields in normal, undisturbed service. These cond itions include 271 
the highest currents and largest loops realistically possible through the assembly working at 272 
maximum capacity. EMF caused by switching operations, including interruption of fault 273 
currents, or other transient phenomena is deemed to be incidental and shall not be 274 
considered. 275 

The highest current on the HV side is the rated continuous current given on the nameplate of 276 
the switchgear assembly, and on the LV side the rated continuous current of the transformer 277 
with the highest rating. In a calculation both currents have to be simulated. During  278 
measurements, both primary and secondary currents shall be measured. 279 

Electric field strength and magnetic flux density shall be recorded as the resultant of the 280 
r.m.s. values of the three orthogonal components. 281 

The evaluation shall be carried out at the rated frequency of the equipment.  282 

However, in the frequency range up to and including 60 Hz the actual value of frequency does 283 
not significantly affect the levels of generated E fields for any given values of voltage. 284 
Therefore, evaluation at any frequency up to and including 60 Hz is considered valid. 285 

Similarly, the difference in attenuation of B fields by metallic enclosures at 50 Hz and 60 Hz 286 
can be ignored for the purpose of this document. Therefore, evaluation at 50 Hz is considered 287 
applicable also for 60 Hz and vice versa. 288 

In the power-frequency range covered by this document the electric and magnetic fields may 289 
be treated separately. When selecting the conditions to obtain the highest level of electric and 290 
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magnetic fields as realistically as possible in undisturbed service, the following subclauses 291 
should be considered. 292 

4.2 Methods of evaluation 293 

The manufacturer may evaluate the EMF characteristic by measurement or by calculation.  294 

4.3 Evaluation of electric fields 295 

4.3.1 HV switchgear assemblies 296 

The equipment shall be evaluated at the rated voltage of the HV switchgear assembly. 297 

Only if the evaluation cannot be carried out at rated voltage, the results shall be extrapolated 298 
to the rated value. Since the electric field strength is a linear function of the voltage, the field 299 
strengths for different high voltages may be extrapolated linearly. 300 

4.3.2 HV/LV prefabricated substations 301 

The equipment shall be evaluated at the rated high voltage of the HV/LV transformer(s). 302 

Only if the evaluation cannot be carried out at rated voltage, the results shall be extrapolated 303 
to the rated value. Since the electric field strength is a linear function of the voltage, the field 304 
strengths for different high voltages may be extrapolated linearly. 305 

4.4 Evaluation of magnetic fields 306 

4.4.1 HV switchgear assemblies 307 

The HV switchgear assembly is loaded with its highest permissible current determined by the 308 
rated continuous current given on the nameplate. The HV circuit shall be selected to form the 309 
widest possible current loop between the incoming and outgoing functional units (panels) of 310 
the switchgear assembly to obtain the maximum magnetic field by using the smallest number 311 
of circuits, taking into account their rated continuous current. An example is shown in Figure 312 
1. 313 

If the evaluation cannot be carried out at the rated continuous current the results shall be 314 
extrapolated to the rated value. Any saturation effect will be less pronounced at lower 315 
currents, therefore extrapolation from lower to higher values of current is allowed since it can 316 
only result in an overestimate of the B field. 317 

318 
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HV switchgear assembly 

I4 

HV/LV prefabricated substation 

Transformer/s 

LV switchgear assembly 

I2 I1 

I3 

IEC   2039/09 

 319 

Key 320 

I
1
 = HV switchgear highest loop current  321 

I
2
 = HV/LV loop (HV side) current  322 

I
3
 = HV/LV loop (LV side) highest current  323 

I
4
 = HV/LV (LV outgoing) highest current 324 

Figure 1 – Example of test circuits configuration to obtain the maximum external  325 
magnetic field of a switchgear assembly and/or a prefabricated substation. 326 

 327 

4.4.2 HV/LV prefabricated substations 328 

For the HV switchgear assembly, 4.4.1 applies. 329 

The LV switchgear assembly and the transformer shall be loaded with the highest continuous 330 
current derived from the maximum rated power of the prefabricated substation for a given LV 331 
level. The circuit shall be configured to form the highest concentration of currents to obtain 332 
the maximum magnetic field. This can be achieved by using the smallest number of circuits, 333 
choosing those located closest to the enclosure of the prefabricated substation and taking into 334 
account their rated continuous current. An example is shown in Figure 1. 335 

If the design of the HV/LV prefabricated substation admits transformers of different rated 336 
power, the manufacturer shall at least provide an evaluation for the transformer with the 337 
highest rated power for a given LV level. 338 

NOTE The rated power of the transformer should correspond to the cooling by natural ventilation. EMF evaluation 339 
with other means of cooling (for example forced cooling) should be subject to agreement between manufacturer 340 
and user. 341 

If the evaluation cannot be carried out at the rated power for a given LV level, the results shall 342 
be extrapolated to the rated value. Any saturation effect will be less pronounced at lower 343 
currents, therefore extrapolation from lower to higher values of current is allowed since it can 344 
only result in an overestimate of the B field. 345 

The extrapolation of magnetic field values is not permitted if the currents on the HV and LV 346 
sides of the prefabricated substation vary independently. 347 
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5 Measurements 348 

5.1 General 349 

At power-frequency the electric and magnetic field are independent from each other. Hence, 350 
magnetic flux density and electric field strength characteristic need not be recorded 351 
simultaneously. 352 

The electric field characteristic of the equipment is independent of the load current.  353 

The magnetic field characteristic of the equipment is independent of the voltage. 354 

NOTE General guidance on measurement procedures for electric and magnetic fields can also be found in 355 
IEC 62110 and IEC 61786. 356 

5.2 Measuring instruments 357 

Instruments for measuring electric and magnetic fields shall meet the requirements of 358 
specification and calibration given by IEC 61786. The calibration report shall be traceable to 359 
national or International Standards. These instruments should be used in appropriate 360 
conditions, in particular with regard to  361 

• electromagnetic immunity according to IEC 61000-6-2, 362 

• immunity of power-frequency electric field on magnetic field measurement, 363 

• temperature and humidity ranges as recommended by the instrument manufactu rer. 364 

A three-axis instrument measures r.m.s. values of resultant field Fr. A single-axis instrument 365 
may be used to obtain Fr by measuring Fx, Fy, and Fz, using Equation (1), where Fx, Fy and Fz 366 
are r.m.s. values of the orthogonal three-axis components of electric or magnetic field. 367 

 
2

z
2

y
2

xr FFFF ++=   (1) 368 

The use of a three-axis instrument with three concentric sensors is preferred. However, if a 369 
single-axis instrument is used, special attention should be paid to the orientation of the sensor 370 
along three orthogonal directions. The orientation of the sensor shall be changed without 371 
moving the position of its centre. 372 

In the case of non-concentric sensors, the locations and orientations of the sensors that are 373 
contained within the housings of field meters shall be clearly indicated on the instrument or in 374 
the instruction manual. 375 

During the evaluation of the magnetic field generated by HV switchgear assemblies and 376 
HV/LV prefabricated substations, the distance between the field source and the measuring 377 
instrument is relatively short (in comparison to other AC power equipment like overhead 378 
lines). In general, the measurements will be carried out in non-uniform fields. In case of the 379 
magnetic field measurement, it is necessary to consider the ratio of distance (dsc) from the 380 
field source and sensor radius (a). For measurements with a three-axis instrument, a 381 
minimum ratio of 4 is considered suitable. 382 

NOTE When using a probe with radius 5 cm the minimum distance to the field source should be at least 20 cm 383 
considering a ratio of 4. More information about this topic can be found in IEC 61786. 384 

5.3 Measurement procedures 385 

5.3.1 General 386 

To consider equipment of all kinds of shape, a virtual envelope containing the equipment is 387 
defined as the reference surface (RS); see Figure 2. The purpose of the RS is to integrate 388 
irregularities and to eliminate abrupt changes in the measurement surface (MS). The MS is 389 
defined outside the RS at 20 cm distance. 390 
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Protruding elements (for example handles) shall be disregarded. 391 
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 392 

Key  393 

1 Equipment surface 394 

2 Measurement surface 395 

3 Reference surface 396 

d Distance between equipment  397 
and measurement surface (20 cm) 398 

Figure 2 – Reference surface (RS) for equipment of irregular shape. 399 
 400 

5.4 Hot-spot measurement procedure 401 

5.4.1 Electric field 402 

The maximum value(s) of the electric field over the accessible measurement surface shall be 403 
found by first scanning on a coarse grid to find the regions of maximum field and then refining 404 
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the grid for the hot spot locations. See also 405 

 406 

 407 

Figure 3.  408 

 409 
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