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MAGNETIC FIELDS FROM WIRELESS POWER TRANSFER SYSTEMS –  236 

MODELS, INSTRUMENTATION, MEASUREMENT AND  237 

COMPUTATIONAL METHODS AND PROCEDURES  238 

(FREQUENCY RANGE OF 3 kHz TO 30 MHz) 239 

 240 

FOREWORD 241 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 242 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 243 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 244 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 245 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 246 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 247 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 248 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 249 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 250 

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the 251 
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensus 252 
development process, which brings together volunteers representing varied viewpoints and interests to achieve 253 
the final product. Volunteers are not necessarily members of IEEE and serve without compensation. While IEEE 254 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 255 
does not independently evaluate, test, or verify the accuracy of any of the information contained in its standards. 256 
Use of IEEE Standards documents is wholly voluntary. IEEE documents are made available for use subject to 257 
important notices and legal disclaimers (see http://standards.ieee.org/IPR/disclaimers.html for more information) 258 

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two 259 
organizations. 260 

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of 261 
opinion on the relevant subjects since each technical committee has representation from all interested IEC 262 
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies 263 
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially 264 
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards 265 
document is given by the IEEE Standards Association (IEEE-SA) Standards Board. 266 

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC National 267 
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical 268 
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they 269 
are used or for any misinterpretation by any end user. 270 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 271 
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional 272 
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional 273 
publication shall be clearly indicated in the latter. 274 

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity 275 
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible 276 
for any services carried out by independent certification bodies. 277 

6) All users should ensure that they have the latest edition of this publication. 278 

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual 279 
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and 280 
the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board, for any 281 
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for 282 
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE 283 
Publication or any other IEC or IEEE Publications. 284 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 285 
indispensable for the correct application of this publication. 286 
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material 287 

covered by patent rights. By publication of this standard, no position is taken with respect to the existence or 288 
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying 289 
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or 290 
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with 291 
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. 292 
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk 293 
of infringement of such rights, is entirely their own responsibility. 294 

IEC/IEEE 63184 was prepared by IEC technical committee 106: Methods for the assessment of 295 
electric, magnetic and electromagnetic fields associated with human exposure, in cooperation 296 
with the International Committee on Electromagnetic Safety of the IEEE Standards Association, 297 
under the IEC/IEEE Dual Logo Agreement between IEC and IEEE. It is an International 298 
Standard. 299 

This first edition replaces IEC PAS 63184 ED1, published in 2021 300 

This document is published as an IEC/IEEE Dual Logo standard. 301 

The text of this International Standard is based on the following IEC documents: 302 

Draft Report on voting 

XX/XX/FDIS XX/XX/RVD 

 303 
Full information on the voting for its approval can be found in the report on voting indicated in 304 
the above table. 305 

The language used for the development of this International Standard is English. 306 

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part 2, 307 
available at www.iec.ch/members_experts/refdocs. The main document types developed by IEC 308 
are described in greater detail at www.iec.ch/publications/. 309 

The IEC Technical Committee and IEEE Technical Committee have decided that the contents 310 
of this document will remain unchanged until the stability date indicated on the IEC website 311 
under webstore.iec.ch in the data related to the specific document. At this date, the document 312 
will be  313 

• reconfirmed, 314 

• withdrawn, 315 

• replaced by a revised edition, or 316 

• amended. 317 

 318 

IMPORTANT – The "colour inside" logo on the cover page of this document 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. 

 319 

  320 
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INTRODUCTION 321 

The wireless power transmission systems described in the scope of this document require 322 
particularly developed procedures and protocols for the assessment of human exposure. Such 323 
systems are increasingly being implemented in a wide range of applications at different 324 
frequency ranges from consumer electronics (e.g. mobile phones, tablet PCs) to automotive 325 
(electric vehicles ). Human exposure to electric and magnetic fields is limited to avoid 326 
established adverse health effects, including electrostimulation of nervous tissues 327 
(3 kHz < 10 MHz) and thermal effects (> 100 kHz). A published ITU-R report (ITU-R SM.2303-3 328 
[1]1) on WPT systems describes RF exposure assessment methodologies, yet no definitive 329 
assessment method was introduced. An exposure assessment method of WPT for EV charging 330 
systems was described in IEC 61980-3:2022 [2]; however, there are currently no other detailed 331 
product standards related to WPT systems. Because WPT systems will continue to become 332 
ubiquitous in a multitude of applications in the future, IEC and IEEE established a joint working 333 
group to address WPT system assessment methods related to human exposures to electric, 334 
magnetic, and electromagnetic fields.  335 

In this document, prepared by IEC Technical Committee 106 (TC 106) and Technical Committee 336 
34 (TC 34) Subcommittee 1 (SC 1) of IEEE International Committee on Electromagnetic Safety 337 
(ICES), the basic methods to assess the direct and indirect effects of exposure to WPT systems, 338 
case studies, and relevant research are described. These methods mainly focus on frequencies 339 
between 3 kHz and 30 MHz and consider both electrostimulation and thermal effects. This 340 
document specifies: 341 

• general conformity assessment procedures (Clause 5); 342 

• measurement methods (Clause 6); 343 

• computational assessment methods (Clause 7); 344 

• assessment combining experimental and computational methods (Clause 8). 345 

 346 

  347 

 

1 Numbers in square brackets refer to the Bibliography. 
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 348 

ASSESSMENT METHODS OF THE HUMAN EXPOSURE TO ELECTRIC AND  349 

MAGNETIC FIELDS FROM WIRELESS POWER TRANSFER SYSTEMS –  350 

MODELS, INSTRUMENTATION, MEASUREMENT AND  351 

COMPUTATIONAL METHODS AND PROCEDURES  352 

(FREQUENCY RANGE OF 3 kHz TO 30 MHz) 353 

 354 

1 Scope 355 

The objective of this document is to specify the assessment methods to evaluate exposure to 356 
stationary wireless power transfer (WPT) systems with electromagnetic human exposure 357 
guidelines (specific absorption rate (SAR), internal electric fields, or current density, including 358 
contact currents). The frequency range covered by this document is from 3 kHz to 30 MHz. This 359 
version of the document focuses on exposures from inductive WPT systems. Future versions 360 
will consider extended guidance for assessments of exposure from capacitive WPT systems. 361 

2 Normative references 362 

The following documents are referred to in the text in such a way that some or all of their content 363 
constitutes requirements of this document. For dated references, only the edition cited applies. 364 
For undated references, the latest edition of the referenced document (including any 365 
amendments) applies. 366 

ISO/IEC Guide 98-1:2009, Uncertainty of measurement – Part 1: Introduction to the expression 367 
of uncertainty in measurement 368 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 369 
uncertainty in measurement (GUM:1995) 370 

IEC 61786-1:2013, Measurement of DC magnetic, AC magnetic and AC electric fields from 1 Hz 371 
to 100 kHz with regard to exposure of human beings – Part 1: Requirements for measuring 372 
instruments 373 

IEC 61786-2:2014, Measurement of DC magnetic, AC magnetic and AC electric fields from 1 Hz 374 
to 100 kHz with regard to exposure of human beings – Part 2: Basic standard for measurements 375 

IEC/IEEE 62704-1:2017, Determining the peak spatial-average specific absorption rate (SAR) 376 
in the human body from wireless communications devices, 30 MHz to 6 GHz – Part 1: General 377 
requirements for using the finite difference time-domain (FDTD) method for SAR calculations 378 

IEC/IEEE 62704-4:2020, Determining the peak spatial-average specific absorption rate (SAR) 379 
in the human body from wireless communications devices, 30 MHz to 6 GHz – Part 4: General 380 
requirements for using the finite element method for SAR calculations 381 

 382 
 383 

3 Terms and definitions 384 

For the purposes of this document, the following terms and definitions apply. 385 

ISO, IEC, and IEEE maintain terminological databases for use in standardization at the following 386 
addresses:  387 

• IEC Electropedia: available at http://www.electropedia.org/ 388 

• ISO Online browsing platform: available at http://www.iso.org/obp 389 
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• IEEE Dictionary Online: available at http://dictionary.ieee.org 390 

3.1  391 
exposure 392 
<of a body> situation that occurs wherever a person is subjected to electric, magnetic, or 393 
electromagnetic fields 394 

3.2  395 
basic restriction 396 
BR 397 
maximum permissible field level induced in the body of a person exposed to electric, magnetic 398 
or electromagnetic fields below which established adverse health effects are assumed not to 399 
occur 400 

Note 1 to entry: Examples of basic restrictions can be found in ICNIRP Guidelines [3], [4], [5] and in Annex II of the 401 
Council Recommendation 1999/519/EC [6]. 402 

Note 2 to entry: Documents issued by the IEEE ICES TC 95, such as [7] and [8], refer to the basic restrictions as 403 
dosimetric reference levels (DRL).  404 

Note 3 to entry: Directive 2013/35/EU [9] refers to basic restrictions as "exposure limit values (ELVs),” i.e. “values 405 
established on the basis of biophysical and biological considerations, in particular on the basis of scientifically well-406 
established short-term and acute direct effects, i.e. thermal effects and electrical stimulation of tissues.” 407 

3.3  408 
reference level 409 
maximum permissible level of the incident electric, magnetic or electromagnetic fields below 410 
which the basic restrictions are assumed not to be exceeded 411 

Note 1 to entry: Examples of reference levels can be found in ICNIRP Guidelines [3], [4], [5] and in Annex II of the 412 
Council Recommendation 1999/519/EC [6]. 413 

Note 2 to entry: Documents issued by the IEEE ICES TC 95, such as [7] and [8], refer to the reference levels as 414 
exposure reference levels (ERL). 415 

Note 3 to entry: Directive 2013/35/EU [9] refers to reference levels as "action levels (ALs)," i.e. “operational levels 416 
established for the purpose of simplifying the process of demonstrating the compliance with relevant ELVs or, where 417 
appropriate, to take relevant protection or prevention measures specified in this Directive." 418 

3.4  419 
direct effect 420 
biological effect resulting from exposure of the body to an electric, magnetic, or electromagnetic 421 
field without interaction with a conducting object 422 

3.5  423 
indirect effect 424 
biological effect resulting from interaction of the body with a conducting object with an electric 425 
potential different from the one of the body 426 

3.6  427 
incident field 428 
field that would exist in the absence of a person at a point where a person could be located 429 

Note 1 to entry: In some documents, the incident field is called an unperturbed field or environmental field. 430 

3.7  431 
coupling factor 432 
factor which correlates the measured incident field to the induced field in the human body 433 
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3.8  434 
electric field strength 435 
vector field quantity E which exerts on any charged particle at rest a force F equal to the product 436 
of E and the electric charge Q of the particle: 437 

Q=F E  438 

[SOURCE : IEC 60050-121:1998/AMD5:2021 [10], 121-11-18] 439 

3.9  440 
internal electric field 441 
<in a body> electric field induced inside the body as a result of exposure to electric, magnetic, 442 
or electromagnetic fields 443 

3.10  444 
magnetic field strength 445 
vector quantity obtained at a given point by subtracting the magnetization M from the magnetic 446 
flux density B divided by the magnetic constant μ0 447 

[SOURCE: IEC 60050-121:1998/AMD5:2021 [10], 121-11-56] 448 

3.11  449 
contact current 450 
<for human body> current flowing into the body resulting from contact with a conductive object 451 
in an electromagnetic field 452 

Note 1 to entry: This is the localized current flow into the body (usually the hand, for a light brushing contact). 453 

3.12  454 
current density 455 
at a given point within a volume element of quasi-infinitesimal volume V, vector quantity equal 456 
to the sum, for all free charge carriers within the volume element, of the products of electric 457 
charge and velocity, divided by the volume V: 458 

 
1

1 n

i i
i

Q
V =

= ∑J ν   

 459 

where 460 

n is the number of free carriers within the volume element; 461 

Qi is the electric charge of the i-th carrier; 462 

vi is the velocity of the i-th carrier. 463 

Note 1 to entry:  The flux of the electric current density J through any directed surface S is equal to the electric 464 
current I through that surface: 465 

 dnI ⋅∫= J e A   

 466 

where endA is the vector surface element.  467 

[SOURCE: IEC 60050-121:1998 [10], 121-11-11] 468 

oSIST prEN IEC 63184:2023

iTeh STANDARD PREVIEW
(standards.iteh.ai)

oSIST prEN IEC 63184:2023
https://standards.iteh.ai/catalog/standards/sist/4cc29c90-7423-4027-9f98-

80e3fc1a0532/osist-pren-iec-63184-2023



IEC/IEEE CDV 63184/ED1 © IEC 2023 -13- 106/612/CDV 
 
3.13  469 
specific absorption rate 470 
SAR 471 
measure of the rate at which energy is absorbed by the human body when exposed to a radio 472 
frequency electromagnetic field 473 

Note 1 to entry: The SAR in the tissue (or tissue-equivalent medium) can be determined by the rate of temperature 474 
increase or by E-field measurements, according to the following formulas: 475 

2σE
SAR

ρ
=  476 

h
0t

T
SAR c

t =

∂
=

∂
 477 

where 478 

SAR is the specific absorption rate in W/kg; 479 

E is the RMS value of the electric field strength in the tissue medium in V/m; 480 

σ is the electrical conductivity of the tissue medium in S/m; 481 

ρ is the mass density of the tissue medium in kg/m3; 482 

ch is the specific heat capacity of the tissue medium in J/(kg K); 483 

0t

T

t =

∂

∂
 is the initial time derivative of temperature in the tissue medium in K/s. 484 

[SOURCE: IEC/IEEE 62209-1528:2020 [11]] 485 

3.14  486 
peak spatial-average SAR 487 
psSAR 488 
maximum average SAR within a local region based on a specific averaging volume or mass, 489 
e.g. any 1 g or 10 g of tissue in the shape of a cube  490 

Note 1 to entry: The cubic shape of the averaging volume is specified in [8] and [3]. 491 

3.15  492 
magnitude <of a vector> 493 
for any vector U, non-negative scalar, usually denoted by |U|, equal to the non-negative square 494 
root of the scalar product or, in the case of a complex vector, of the Hermitian product of the 495 
vector by itself 496 

[SOURCE: IEC 60050-121:1998/AMD5:2021 [10], 102-03-23] 497 

3.16  498 
gradient  499 
vector ∇f associated at each point of a given space region with a scalar f, having a direction 500 
normal to the surface on which the scalar field has a constant value, in the sense of increasing 501 
value of f, and a magnitude equal to the absolute value of the derivative of f with respect to 502 
distance in this normal direction 503 

Note 1 to entry: The scalar f may refer to a component of a vector field. 504 

[SOURCE: IEC 60050-121:1998/AMD5:2021 [10], 102-03-23, Note added.] 505 

3.17  506 
phantom 507 
physical model with an equivalent human anatomy and comprised of a tissue-equivalent 508 
medium with dielectric properties specified in this document 509 
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