Draft for Public Comment

bsi.

BSl Group Headquarters Date: 05 September 2022
389 Chiswick High Road London W4 4AL Origin: European

Tel: +44 (0)20 8996 9000
Fax: +44 (0)20 8996 7400
www.bsigroup.com

Form 36

DPC: 22/30373503DC

Latest date for receipt of comments: 28 September 2022 Project No. 2018/00443
Responsible committee: GEL/106 Human exposure to low frequency and high frequency electromagnetic radiation

Interested committees:

Title: Draft BS EN 63184 Ed.1.0 Basic standard for the assessment of the human exposure to electric and magnetic fields from
wireless power transfer systems. models, instrumentation, numerical methods and procedures (Frequency range of 1 kHz to 10
MH2).

Please notify the secretary if you are aware of any keywords that might assist in classifying or identifying the standard or if the
content of this standard

i) has any issues related to 3rd party IPR, patent or copyright

ii)  affects other national standard(s)

iii)  requires additional national guidance or information

WARNING: THISISA DRAFT AND MUST NOT BE REGARDED ORUSED ASA BRITISH STANDARD. THISDRAFT
ISNOT CURRENT BEYOND 28 September 2022

This draft is issued to allow comments from interested parties; all comments will be given consideration prior to publication. No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BS| except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes. Electronic circulation is limited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com or from BS| Customer Services, Tel:
+44(0) 20 8996 9001 or email cservices@bsigroup.com. British, International and foreign standards are also available from BSI
Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from https://
standardsdevel opment.bsigroup.cony.

Docurments
Responsible Committee Secretary: Ms Sophie Erskine (BS) ]
Direct tel: 0208 996 7254 Document Sharing Hub
E-mail: sophie.erskine@bsigroup.com
Full document details: 22/30373503 DC


http://www.avadocuments.com/doc/22-30373503-dc
http://www.avadocuments.com/doc/22-30373503-dc

Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent 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. Pleaseindicate 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 beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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218 INTERNATIONAL ELECTROTECHNICAL COMMISSION

219

220
221 ASSESSMENT METHODS OF THE HUMAN EXPOSURE TO ELECTRIC AND
222 MAGNETIC FIELDS FROM WIRELESS POWER TRANSFER SYSTEMS -

223 MODELS, INSTRUMENTATION, MEASUREMENT AND

224 COMPUTATIONAL METHODS AND PROCEDURES

225 (FREQUENCY RANGE OF 1 kHz TO 30 MHz)

226

227 FOREWORD

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

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

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

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

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

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

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

266 6) All users should ensure that they have the latest edition of this publication.
267 7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual

268 experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
269 and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
270 for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
271 or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
272 IEC/IEEE Publication or any other IEC or IEEE Publications.

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

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

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

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

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

Draft Report on voting

XXIXX/FDIS XX/IXX/RVD

290
291 Full information on the voting for its approval can be found in the report on voting indicated in
292 the above table.

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

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

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

301 e reconfirmed,

302 e withdrawn,

303 e replaced by a revised edition, or

304 e amended.

305
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.

306

307
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308 INTRODUCTION

309 The scope of this document falls under the IEC/IEEE work item "development of standard for
310 measurement and calculation methods used to assess human exposure to electric, magnetic
311 and electromagnetic fields." Wireless power transfer (WPT) is the transmission of electrical
312 power from a transmitter to a receiver without current-carrying wires. This technology is
313 increasingly being implemented in a wide range of applications at different frequency ranges
314  from consumer electronics (e.g. mobile phones, tablet PCs) to automotive (electric vehicles
315 (EVs)). Human exposure is limited to avoid established adverse health effects, including
316  electrostimulation of nervous tissues (< 10 MHz) and thermal effects (> 100 kHz). An ITU-R
317 published report (ITU-R SM. 2303-1) from June 2015 on WPT systems describes RF exposure
318 assessment methodologies, yet no definitive assessment method was introduced. An
319  exposure assessment method of WPT for EV was described in IEC 61980-3:2019, however,
320 there is currently no other product standard related to WPT. As WPT systems will become
321 ubiquitous in a multitude of applications in the near future, IEC and IEEE established a joint
322 working group to address WPT assessment methods related to human exposures to electric,
323  magnetic, and electromagnetic fields.

324 In this document, IEC TC 106 and IEEE International Committee on Electromagnetic Safety
325 (ICES) TC34 describe the basic methods to assess the direct and indirect effects of exposure
326 to WPT systems, case studies, and relevant research. These methods mainly focus on
327 frequencies up to 30 MHz and consider both nerve stimulation and thermal effects. This
328 document specifies:

329 e general conformity assessment procedures (Clause 5);

330 e measurement methods (Clause 6);

331 e computational assessment methods (Clause 7);

332 e assessment combining experimental and computational methods (Clause 8).
333

334
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335
333 ASSESSMENT METHODS OF THE HUMAN EXPOSURE TO ELECTRIC AND
337 MAGNETIC FIELDS FROM WIRELESS POWER TRANSFER SYSTEMS -

338 MODELS, INSTRUMENTATION, MEASUREMENT AND
339 COMPUTATIONAL METHODS AND PROCEDURES
340 (FREQUENCY RANGE OF 1 kHz TO 30 MHz)

341

342 1 Scope

343 The objective of this document is to specify the assessment methods to evaluate compliance
344  of stationary and dynamic wireless power transfer (WPT) systems with electromagnetic
345 human exposure guidelines (specific absorption rate (SAR), internal electric fields, or current
346 density including contact currents). The frequency range covered by this document is from
347 1 kHz to 30 MHz. This version of the standard focuses on exposures from inductive WPT
348  systems. Future versions will consider extended guidance for assessments of exposure from
349  capacitive WPT systems.

350 2 Normative references

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

355 ISO/IEC Guide 98-1:2009, Uncertainty of measurement — Part 1: Introduction to the
356 expression of uncertainty in measurement

357 ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
358 uncertainty in measurement (GUM:1995)

359 |EC 61786-1:2013, Measurement of DC magnetic, AC magnetic and AC electric fields from
360 1 Hz to 100 kHz with regard to exposure of human beings — Part 1: Requirements for
361 measuring instruments

362 |EC 61786-2:2014, Measurement of DC magnetic, AC magnetic and AC electric fields from
363 1 Hz to 100 kHz with regard to exposure of human beings — Part 2: Basic standard for
364 measurements

365

366 3 Terms and definitions
367 For the purposes of this document, the following terms and definitions apply.

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

370 e |EC Electropedia: available at http://www.electropedia.org/

371 e |ISO Online browsing platform: available at http://www.iso.org/obp

372 e |EEE Dictionary Online: available at http://dictionary.ieee.org
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373 3.1

374  exposure

375 <of a body> situation that occurs wherever a person is subjected to electric, magnetic or
376  electromagnetic fields

377 3.2
378 basic restriction
379 BR

380 maximum allowable exposure limit to time-varying electric, magnetic and electromagnetic
381 fields that is based directly on established health effects

382 Note 1 to entry: Examples of basic restrictions can be found in Annex Il of the Council Recommendation
383 1999/519/EC [1], ICNIRP Guidelines [2], [3], [4], IEEE Std C95.6 [5], and IEEE Std C95.1 [7], [8], [9].

384 [SOURCE: IEC 62311:2019 [10], 3.1.2]

385 3.3

386 reference level

387 <of a field> field level derived from the basic restrictions under worst-case assumptions
388  (e.g. exposure to a homogeneous field) used for the assessment of incident fields

389 Note 1 to entry: Examples of reference level can be found in Annex Il of the Council Recommendation
390 1999/519/EC [1], ICNIRP Guidelines [2], [3], [4], IEEE Std C95.6 [5], and IEEE Std C95.1 [7], [8], [9].

391 3.4

392 direct effect

393 biological effect resulting from direct interaction of electromagnetic field with biological
394 structures

395 [SOURCE: ICNIRP Guidelines:2010 [3]]

3%6 3.5

397  indirect effect

398 biological effect resulting from indirect interactions of electromagnetic fields with biological
399  structures such as contact currents

400 3.6
401 incident field
402 field that would exist in the absence of a person at a point where a person could be located

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

404 3.7
405  coupling factor, <in a body>
406  factor which correlates the measured incident field to the induced field in the human body

407 3.8

408  electric field strength

409  vector field quantity £ which exerts on any charged particle at rest a force F equal to the
410 product of E and the electric charge Q of the particle:

411 F=0E

412 [SOURCE: JEC 60050-121:199§, 121-11-18]

413 3.9
414 internal electric field
415 <in a body> electric field induced inside the body as a result of exposure to electric, magnetic,

416 or electromagnetic fields
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417 3.10

418 magnetic field strength

419  vector quantity obtained at a given point by subtracting the magnetization M from the
420 magnetic flux density B divided by the magnetic constant p

421 [SOURCE: JEC 60050-121:1994, 121-11-56]

422 3.1

423 contact current

424 <for human body> current flowing into the body resulting from contact with a conductive
425 object in an electromagnetic field

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

427 3.12

428  current density

429 <in a body> current density induced inside the body as a result of exposure to
430 electromagnetic fields

431 3.13
432  specific absorption rate
433 SAR

434 measure of the rate at which energy is absorbed by the human body when exposed to a radio
435  frequency electromagnetic field

436 Note 1 to entry: The SAR in the tissue (or tissue-equivalent medium) can be determined by the rate of
437 temperature increase or by E-field measurements, according to the following formulas:
oE?
438 SAR =
P
oT
439 SAR = ¢, —|
at 1=0
440 where
441 SAR is the specific absorption rate in W/kg;
442 E is the RMS value of the electric field strength in the tissue medium in V/m;
443 o is the electrical conductivity of the tissue medium in S/m;
444 P is the mass density of the tissue medium in kg/m?3;
445 ch is the specific heat capacity of the tissue medium in J/(kg K);
oT . L I . . A
446 — is the initial time derivative of temperature in the tissue medium in K/s.

6t t=0

447  [SOURCE: IEC/IEEE 62209-1528 [11]]

448  3.14
449 peak spatial-average SAR
450 psSAR

451 maximum average SAR within a local region based on a specific averaging volume or mass,
452  e.g.any 1 gor 10 g of tissue in the shape of a cube
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453  3.15

454 magnitude <of a vector>

455  for any vector U, non-negative scalar, usually denoted by |U|, equal to the non-negative
456  square root of the scalar product or, in the case of a complex vector, of the Hermitian product
457 of the vector by itself

458  [SOURCE: |EC 60050-121:1998, 102-03-23]

459  3.16

460  gradient

461 vector Vf associated at each point of a given space region with a scalar f, having a direction
462 normal to the surface on which the scalar field has a constant value, in the sense of
463  increasing value of f, and a magnitude equal to the absolute value of the derivative of f with
464 respect to distance in this normal direction

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

466 [SOURCE: |[EC 60050-121:199¢, 102-03-23, Note added.]

467  3.17

468 phantom

469 physical model with an equivalent human anatomy and comprised of a tissue-equivalent
470 medium with dielectric properties specified in this document

471 [SOURCE: IEC/IEEE 62209-1528 [11]]

472 3.18

473 complex relative permittivity

474 under sinusoidal conditions in a medium where the phasors D and E representing respectively
475 the electric flux density and the electric field strength are linearly related, complex quantity &

476 defined by the relation
ar7 D =gy5 E

478  where g is the electric constant

479 Note 1 to entry: The complex relative permittivity is generally frequency dependent. For an isotropic medium the
480 complex relative permittivity is a scalar; for an anisotropic medium it is a tensor.

481 Note 2 to entry: Generally ¢ is expressed as g =¢ —je where ¢ is the real relative permittivity and ¢ is the
482 dielectric loss index. In the context of this document it represents the conductivity the free charges in of the
483 exposed tissue or tissue-equivalent medium o = wsogr" .

484  [SOURCE: IEC 60050-121:2019, 121-12-14]

485 3.19
486 device under test
487 DUT

488 device that is tested according to the procedures specified in this document

489  3.20
490 wireless power transfer
491 WPT

492  transmission of electrical energy by electric, magnetic or electromagnetic fields without wire
493  or cable connection between the energy source and the load
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3.20.1
wireless power transfer

<dynamic> wireless power transfer by means of a load that moves intentionally whereas the
source or a track of multiple power sources remains stationary

3.20.2
wireless power transfer

<stationary> wireless power transfer by means of devices that do not intentionally change
their relative position and orientation, throughout the duration of the power transfer

4 Symbols and abbreviated terms

4.1 Physical quantities

The internationally accepted Sl units are used throughout this document.

Symbol Quantity Unit Dimensions
B Magnetic flux density tesla T
¢h Specific heat capacity joule per kilogram per kelvin  J/(kg K)
E Electric field strength volt per metre V/m
f Frequency hertz Hz
H Magnetic field strength ampere per metre A/m
J Current density ampere per square metre A/m?2
P Average (temporal) absorbed power watt W
T Temperature kelvin K
£ Permittivity farad per metre F/m
A Wavelength metre m
Iz Electric conductivity siemens per metre S/m

NOTE In this document temperature is quantified in degrees Celsius, as defined by: T (°C) = T (K) - 273,15.

4.2 Constants

Symbol Physical constant Magnitude
Mo Intrinsic impedance of free space 120m Q or 377 Q
€ Permittivity of free space 8,854 x 10712 F/m
Ho Permeability of free space 47 x 1077 H/m
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541
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4.3 Abbreviated terms

BEM
B-field
BR
DUT
DWPT
E-field
EV
FDFD
FDTD
FEM
FIT
GGSM
H-field
IM
MoM
psSAR
RF

RL
RMS
RSS
SAR
SWPT
SPFD
WPT

boundary element method
magnetic flux density

basic restriction

device under test

dynamic wireless power transfer
electric field strength

electric vehicle

finite difference frequency domain
finite difference time domain
finite element method

finite integration technique
generic gradient source model
magnetic field strength
impedance method

method of moments

peak spatial-average SAR

radio frequency

reference level

root mean square

root sum square

specific absorption rate
stationary wireless power transfer
scalar potential finite difference

wireless power transfer

5 Assessment procedures

5.1 General

106/586/CD

Figure 1 presents a flowchart for the assessment procedure for evaluating both the direct
effects (internal electric field, current density, and/or SAR) and indirect effects (contact
current) of electromagnetic fields generated by WPT systems. The assessment methods for
these quantities are different.
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Identify product/product family EM-characteristics
- Power, current
- Frequency
- Other conditions

¥

Determination of user position and posture

J

Determination of limit sets

y

Conformity assessment considering
direct effects (5.2)

Conformity
assessment considering
indirect effects?

Conformity assessment considering
indirect effects (5.3)

End
544 IEC

N

545 Figure 1 — Flowchart for the assessment procedure
546

547 5.2 Conformity assessment considering direct effects
548  5.2.1 General

549 This clause provides basic assessment methods considering the direct effects of
550 electromagnetic fields [2], [3], [4], [5], [7], [8], [9]. Evaluations are made either against basic
551 restrictions or against derived reference levels. In the international guidelines, different limits
552 on basic restrictions and reference levels are established for thermal and stimulation effects.
553 The following list and Figure 2 describe four methods to assess exposure from WPT and
554  demonstrate conformity with the basic restrictions or reference levels. Any of the four
555 methods may be selected. The tiers require increasing technical effort and yield decreasing
556 levels of conservativeness.

557 a) The evaluation of the exposure based on coil current is straightforward, but is the most
558 conservative one (5.2.2).

559 b) Assessment of the incident fields and comparison against reference levels is described in
560 5.2.3.

561 c) The incident magnetic fields can be applied to conservatively evaluate the induced fields
562 for comparison with reference levels or basic restrictions using the gradient-source-based
563 method described in 5.2.4.

564 d) Direct evaluation of the fields induced in the body or in a body phantom using
565 experimental or computational methods is described in 5.2.5. Documents
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NOTE A similar scheme with multiple methods of increasing complexity is used for example in ISO/TS 10974 [12],
where the methods are deemed as “Tiers.” In that scheme the lowest numbered tier (Tier 1, analogous to method
a) in the preceding list) represents the least complex method, produces the least accurate result, but is
conservative. As the tier number increases, the method becomes more complex and is more difficult to implement,
but provides a more accurate result. The use of the higher tiers reduces the need for excess compliance margin
because the result is closer to the actual physical configuration.

- Power, current

- Frequency
-Other condition

Or 5.2.2 Evaluation based on Pass
coil current

Fail

Or 5.2.3 Evaluation of incident Pass
fields against reference levels

Fail

Or 5.2.4 Evaluation of incident fields Pass
against basic restrictions

| Fail

5.2.5 Evaluation of internal E-field,
current density and/or SAR against
basic restrictions

Fail

Noncompliant

or Pass

( Compliant )

IEC

Figure 2 — Flowchart for the assessment procedure considering the direct effect

5.2.2 Evaluation based on coil current

According to Clause A.1, the maximum permissible coil current Imp can be approximated by

evaluating the magnetic flux density of a circular coil at a fixed distance of 10 mm and
comparing it against the reference level Bg . For a circular coil with radius r, I, can be

estimated using Formula (1):

7

_ 271: do BRL 670

I (7) o7 (1)
where
r is the maximum coil radius (or half of the largest dimensions of non-circular coils);
dy is the fixed distance of 10 mm at which the magnetic flux density is compared to By ;
BgrL is the reference level of magnetic flux density;
o is the free space permeability;
n is the number of turns of the coil;
o is a constant of 21,5 mm.
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582 If it cannot be demonstrated that approximation of Formula (1) is conservative for the DUT or
583 the evaluation distance is different from d;, then results per 5.2.2 are not valid regardless that

584  the coil current is lower than the 7,,.

585 Annex A provides additional information regarding exposure evaluations using approximations.

586 5.2.3 Evaluation of incident fields against reference levels

587 Both incident electric and magnetic field strengths are measured or calculated at different
588  distances including the closest distance and in all directions where the DUT can operate near
589 people. If the field is uniform over the area of interest, the measured or calculated values of
590 electric and magnetic fields shall be compared to the reference level. In the case of non-
591 uniform fields, the measured or calculated field values may be spatially averaged over the
592  exposed regions of the body under some conditions (Annex I, Annex J).

593 NOTE For example, Annex | and Annex J introduce an averaging method for WPT EV systems for persons
594 standing vertically next to the EV on a non-conductive ground.These are demonstrated to be conservative for
595 measurement distances beyond 20 cm and frequencies up to 100 kHz.

596 5.24 Evaluation of incident magnetic fields using coupling factor
597  5.2.4.1 General

508 The reference levels of electromagnetic fields are derived from the maximum coupling
599 conditions between the fields and the human body, i.e. the maximum induced quantities in the
600 human body exposed to the uniform electromagnetic fields. In many situations of localized
601 exposure, such as in the vicinity of WPT systems, the evaluations can be overly conservative
602 when the maximum or spatial average value is compared to the reference levels of EMF
603 exposure guidelines.

604 Coupling factors for magnetic field exposure can be applied for the incident field to mitigate
605 the over-estimation and still warrant conservativeness with respect to the basic restrictions,
606 based on Formula (2).

Qol=kxF (2)

607 where
Qol is the quantity of interest to be compared to the limits (exposure metric);

k is a generic coupling factor that shall be derived according to 5.2.4.2 for specific coil
configurations and evaluation distances, or according to 5.2.4.3 for the generic
gradient source model (GGSM);

F is the measured incident field at the location of the evaluation.
608 Two methods are specified in this document:

609 e the coupling factor k_ is estimated from localized exposure scenarios based on the

610 concept described in |[EC 62233 [13] (5.2.4.2)

611 o the generally applicable coupling factor kg is characterized with respect to the incident

612 field gradient at the location of the exposure evaluation by applying the GGSM method
613 [14] (5.2.4.3).
614 NOTE The method described in 5.2.4.2 specifies coupling factors for the maximum induced current density,

615 electric field, and SAR. The GGSM method described in 5.2.4.3 specifies coupling factors for all basic restrictions
616 of [2], [3], and [8].
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617 The methods of 5.2.4.2 and 5.2.4.3 can be applied only under the following conditions.

618 a) The induced quantities such as internal electric field, current density, or SAR caused by

619 incident electric fields are negligible compared to those induced by the incident magnetic
620 fields.

621 b) The whole-body average SAR is negligible compared to respective limits, and the
622 contribution of the psSAR or the internal electric field is dominant.

623 c) Evaluation conditions such as frequency, field distribution, distance to human body, etc.,
624 are identical to those used in the derivation of the coupling factor. Otherwise the
625 uncertainty due to the deviation shall be determined following the methodology of [15],
626 [16] for 5.2.4.2, and of [14] for 5.2.4.3.

627 d) Quasi-static conditions (7.2) apply for the incident magnetic field.

628 5.2.4.2 Coupling factor k| based on the analysis of localized exposure scenarios

629  The coupling factor was originally introduced for exposure assessments in low frequencies in
630 EC 62226-2-1 [17] and IEC 62311:2007 [18], then amended in |EC 62233 [13]. The coupling
631 factor for the current density k|, is determined using Formula (3).

J, B
ks :M (3)

Jer/BRrL

632 where

Jinax is the maximum current density induced in the human body;

Bhax  is the maximum magnetic flux density in the absence of a person at a point where a
person could be located;

JBR is the basic restriction of current density;

B is the reference level of magnetic flux density.

633 Using this coupling factor, the measured magnetic field strength, multiplied by the coupling
634  factor, can be compared to the reference level directly.

635 The concept of compliance using coupling factor is expanded to the internal electric field and
636 SAR per Formula (4) and Formula (5) ([15], [16]).

E, B,
kL’E — max/ max (4)
Egr/BrL

\ SARmax /Bmax

ki sar = (5)
JSARgr /BrL
637  where
Epmax is the maximum internal electric field induced in human body;
Egr is the basic restriction of internal electric field strength;
SAR 1y ax is the maximum SAR induced in human body;
SARRR is the basic restriction for psSAR.
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638  Egr and By depend on frequency. The coupling factor k_ is multiplied by the measured
639 magnetic fields to consider the effects of field non-uniformity. Conservative coupling factors k|

640 are typically determined by simulation with the ratio of the induced quantities to the incident
641 magnetic field ([15], [16]), e.g. for a specific frequency, field distribution, distance to human
642 body and for different anatomies. Based on such an evaluation, conservative values of the
643 coupling factors can be derived, the uncertainty of which must be estimated and documented
644 following the methodology applied in [15], [16]. Appropriate methods for the computational
645 modelling of the coil and the exposed person are described in Clause 7,

646 NOTE See also Annex F and Annex G. Annex H describes procedures for validation of the computational results.

647  Compliance with basic restrictions (internal electric field strength, current density, or psSAR)
648 is then assessed by comparing the multiplied value to the reference level of the magnetic
649  fields only.

650  5.2.4.3 Coupling factor kg based on the GGSM method

651 A generally applicable coupling factor kg(G,) is proposed using the GGSM in [14] to mitigate

652  over-estimation by incident magnetic field assessment in strong field gradients that are
653 common in the vicinity of WPT systems. The method is conservative for real sources because
654 the coupling factors are derived from a 2D gradient model, whereas real sources have
655  gradients in 3D. However, it requires evaluation of both the local field amplitude and the local
656  gradient in the normal direction with respect to the exposed body, as indicated in Figure 3.

657

658 NOTE The sphere symbolizes the location of the field probe that measures the field amplitude and gradient at the

659 reference location (body surface).
660 Figure 3 — The gradient is determined at the surface and normal to the surface,
661 i.e. in the direction of the axis shown

662  The method applies the following quantities of the incident magnetic field at the location of the
663  exposed body:

664 — frequency;
665 — B-field amplitude (B,,.) at the skin surface of the exposed body;
666 — local B-field gradient G, (T/m/T) normal to the skin surface of the exposed body.

667 The GGSM source consists of a generic magnetic field source with two parallel line currents
668  with independent amplitudes. This source is described in [14] and generates a 2D gradient
669  field (i.e. uniform in one direction) with arbitrary magnetic flux density B and gradient G,. The

670 fields induced in the exposed body are normalized to the maximum B-field amplitude and
671 gradient at the skin surface. Based on a large-scale computational study including human
672 body models of different ages, heights, and weights [14], worst-case exposure conditions (i.e.
673 the highest induced field quantities) were determined for each gradient and frequency
674  analysed. The coupling factors k5(G,) are determined per Formula (6):
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B Qolpmax (Gn )/Bmax (Gn)
kG, qor = (6)
Qolgr /BrL
where
Qolax(G,) represents the maximum of the induced quantity of interest (electric field,
current density, or SAR) in the body when the field gradient is G,;
Bmax(G,) is the maximum measured B-field at the human body surface;
Qolgr is the basic restriction of the induced metric QolI;
B is the reference level of the magnetic flux density B or a fixed normalization

value, e.g. B

The coupling factors of each specific induced metric specified in the guidelines, i.e. [2], [3]
and [8], are expressed by physics-based approximations as functions of the gradient of the
magnetic flux density, i.e. Formula (7), Formula (8), Formula (9), Formula (10), and Formula

(11):

where
c3
kG, E; ICNIRP2010/20
kG,E; IEEE2005
kG,J; ICNIRP1998
kG, psSAR10g

kG, psSAR1g

1

kG, E:IcNIRP 2010 (Gn ) =

1/5,8 7
[1+6,5x10*6x(cn/c3)5'8}(/ ) )

1

kG,E; IEEE 2005 (Gn ) =

1/6,6
[1+4><10711><(G,,/c3)6’6}(/ ) (8)

1
[1+4x10*3x(c;n/c3)2’9}

ko, r.1cnirP 1998 (G ) = (1/2,9) (9)

L (10)

ko, pssar10g(Gy) = 1712
[1+2><10_1><(Gn/c3)1'2]( :

1

(11)

kg psSAR1g (Gn ) = 1
\ /14
[1+2.5x10*1 x(G,/cs )“}( |

constant =1 m™1

coupling factor for induced E-field averaged over a cube of 2 mm
coupling factor for induced E-field averaged over a line of 5 mm
coupling factor for current density averaged over an area of 1 cm?
coupling factor for peak spatial SAR averaged over a cube of 10 g

coupling factor for peak spatial SAR averaged over a cube of 1 g
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681 The trend of the approximation formulas as a function of the gradient is shown in Figure 4.
682 The method has been analytically verified (see Appendix of [14]). For any other specific
683 induced metrics or basic restrictions, the process described in [14] needs to be repeated.

684  To test compliance with basic restrictions, the magnetic field amplitude (B,q55) and the field
685  gradient (G, neas) Of the WPT system are evaluated at any closest accessible location from

686  the source using equipment that provides both values, or that measures the field using a field
687 meter at separate locations and derives the gradient. Here the field gradient is determined at
688  the reference location according to Figure 3. The internal electric field, current density and
689  SAR can then be predicted by Formula (12), Formula (13), Formula (14), and Formula (15)
690  [14]:

B
E= kG,E (Gn,meas ) x Egg % m;meas (1 2)
RL
_ Binc,meas
J_kG,J (Gn,meas)><JBR>< B (13)
RL
B 2 F 2
pSSAng = kG,psSAR10g (Gn,meas )X SARBR X( |ncémeas j x (7] X kB,109 (1 4)
0 0
B 2 ; 2
pSSAR1g = kG,psSAR1g (Gn,meas ) x SARBR x (%j x (7] x kB,1g (1 5)
1 0
691  where
BrL is the reference level of the corresponding standard;

k(G, meas) is the value of the coupling factor calculated for the specific gradient G, cas;

Binc.meas is the local magnetic field measured by the field gradient probe or evaluated
computationally;

Bg is a constant normalization magnetic flux density of 6,25 pT (ICNIRP 2010);

B, is a constant normalization magnetic flux density of 2,04 uT (FCC);

kg 109 is the low frequency magnetic field coupling coefficient for psSAR10g, 2 x 1074;

kB’1g is the low frequency magnetic field coupling coefficient for psSAR10g,
4,6 x 1075;

Jo is a constant normalization frequency of 100 kHz.

692 The formulas presented in this subclause, together with Figure 4, quantify the reduction of the
693 induced field quantities in the presence of a magnetic gradient field with a coupling factor k of
694 less than 1.

695 NOTE 1 An example is a case of two magnetic field sources that operate at an identical frequency and whose
696 magnetic fields at the measurement point are equal. One of them has a uniform magnetic field distribution (G, = 0),
697 and the magnetic field gradient of the other one is different from zero (the magnetic field decreases in the direction
698 of the human body). In both cases, Egrs Brps and B meas @re the same, but kgp= 1 for the uniform field and kg g
699 < 1 for the field with gradient. This makes the induced electric field E of the non-zero-gradient smaller than that of
700 the no-gradient case.
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The method may be applied using the following steps:

a) determine the incident B-field at every location at which a body may be exposed to the
field of the source and determine the lowest gradient that is normal to the surface of the
body (see Figure 3)

b) compute the maximum induced fields according to Formula (12), Formula (13), Formula
(14), and Formula (15) for all locations

c) if the maximum induced field is lower than the applicable basic restriction, the source is
compliant.

NOTE 2 Measurement instrumentation might become available that automatically compute the maximum induced
fields while sweeping the field spatial distribution.

For the application of this method the conditions listed in 5.2.4.1 shall apply. An additional
condition is that the incident magnetic field is dominated by a single source. For conditions
different from these, the uncertainty shall be determined following the methodology of [14].

“A
1,2
1
0,8
0,6
0,4
- E_|EEE 2005
J_ICNIRP 1998
0,2
pSAR10g
— E_ICNIRP 2010
0 =
0,01 0,1 1 10 100 1000

G, (T/Im/T)
IEC

Figure 4 — Trend of the approximation formulas as a function of the gradient [14]

5.2.5 Evaluation of internal E-field, current density, and/or SAR against basic
restrictions

SAR can be measured using a small probe in a liquid-filled phantom which is exposed to the
electromagnetic fields of the DUT. The measured values can be directly compared with basic
restrictions. The evaluation and validation procedures are described in IEC/IEEE 62209-1528
[11]. The assessment method is described in detail in 6.2.

NOTE The frequency range of IEC/IEEE 62209-1528 is from 4 MHz to 10 GHz.

Internal electric field, current density, or SAR may be evaluated analytically or by simulation
using anatomical models of the human body or models of experimental phantoms for
comparison with basic restrictions. The simulation model and methodology shall be validated
as part of the evaluation process. The validation procedure and results shall be documented.
The assessment method based on simulation is described in detail in Clause 7.
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729 5.3 Conformity assessment considering indirect effect

730 This subclause describes the basic assessment methods considering the indirect effect of
731 electromagnetic fields. Contact currents are the only indirect effects considered in this
732 document. Contact currents flow into a biological body via a contacting electrode or other
733  source of current.

734  Contact currents can be assessed either by incident electromagnetic fields or direct
735 measurement.

736 The following two considerations must be applied to assess compliance by incident
737 electromagnetic fields.

738 — Incident electric field levels to prevent adverse indirect effects of contact current (shocks
739 and burns) are shown in the guidelines [2], [3], [4]-
740 — Incident magnetic field levels to prevent adverse indirect effects of contact currents can be
741 calculated by the current induced in the loop formed with the grounded metal and the
742 human body with Formula (16).
V4
=—= 1]
Y e

743 where

744 1

¢ is contact current (A);

745  Z is the impedance of the human body (Q) (see 6.3);
746 S is the area of the loop such as 1,5 m x 0,5 m.
747  Contact currents can also be directly measured by a contact current meter with an

748 ungrounded or grounded metal object placed in the vicinity of the WPT systems. Figure 5
749  shows exposure situations for ungrounded and grounded metal objects.

750 Figure 6 presents a flowchart for the assessment procedure. Details of measurement
751 conditions, measurement setup, etc., are summarized in JEC TR 63167 [19]. The assessment
752 method is described in detail in 6.3.

753

"*{\;‘-i"‘*:‘:'\-.;'\

I| :l : 1
AL
EM fields
IEC IEC
a) Currents when touching ungrounded metal b) Currents when touching grounded metal
754 Figure 5 — Two exposure situations for ungrounded and grounded metal objects
755
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- Power, current - Power, current
- Frequency - Frequency
- Other condition - Other condition
External E-field Pass External H-field Pass
to reference level to Formula (14)
Fail Fail
Contact current Contact current
—> with ungrounded with grounded
condition Pass condition Pass
Fail Fail
CNoncompIiant) ( Compliant ) C Noncompliant ) ( Compliant )
IEC IEC
a) ungrounded condition (incident E-field) b) grounded condition (incident H-field)
756 Figure 6 — Flowchart for assessment procedures for indirect effects

757

758 6 Measurement methods

759 6.1 Incident fields

760 6.1.1 General

761 JEC 61786-1:2013 and JEC 61786-2:2014 describe electromagnetic field basics, measurement
762 methods, and requirements of the measurement equipment at frequencies below 100 kHz. In
763 addition, [13] and IEC 62311 [10], [18] describe electromagnetic field
764 measurements for purposes of guidelines conformity assessments.

765 a) Equipment for measuring electric fields, magnetic fields, and magnetic field gradient is
766 described in 6.1.2.1, 6.1.2.2, and 6.1.2.3, respectively. The calibration methods are
767 described in Annex B.

768  b) The validation method is described in Annex C.
769 c) Both incident electric and magnetic field vectors are measured at a specific distance,

770 including the closest distance where the DUT may operate near people. These
771 International Standards specify measurement positions based on the size and regular
772 usage of equipment. IEC 62311 [10], [18] specifies it as a “user’s usual position.”
773 [13] specifies the measurement position in detail for household appliances and
774 similar apparatuses, including inductive battery chargers.

775 d) The measured value may be based on either a time-averaged or the maximum
776 instantaneous value of the target electromagnetic field, depending on the characteristics
777 of the source and the exposure limit being assessed.

778 e) In principle, the measurement is performed in the space without the human body. In
779 general, the existing position of the human body against the WPT cannot be determined
780 completely. Therefore, typical measurement positions that are conservative with respect to
781 human exposure shall be selected.

782 f) When the measurement probe comes close to the source and metallic and/or highly
783 insulated objects, electromagnetic coupling may occur and the probe sensor impedance
784 changes. Due to the finite size of the probe, all field measurements are subject to some
785 amount of spatial averaging. For a loop, the measurement location may be specified as
786 the geometric centre of the loop, but the result will be a function of the ave cuments
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787 passing through the loop area. The probe antenna should be sufficiently small for
788 improved accuracy of the measurement of the spatial peak of a given field component.
789 Larger probes are prone to larger uncertainties in strong gradient fields. The measured
790 value and its uncertainty need to be properly evaluated with its instrumentation to
791 determine the gradient uncertainty while rotating the probe in the gradient field (9.2.8).

792 NOTE If an isotropic sensor with a loop size of 1 cm? is rotated in a gradient field of 50/m the resulting error
793 is less than 1,3 % (rectangular distribution). For a sensor of 3 cm?, it is less than 5 %.

794 @) In the case of non-uniform incident fields, the measured field values may be spatially

795 averaged over the exposed regions of the body, with the important provision that the basic
796 restrictions for psSAR and internal electric fields are not exceeded. The concept of spatial
797 averaging may be applicable according to national regulatory requirements. If averaging is
798 applied in the case where one or more of the measured values is above the reference
799 levels or action levels, it is necessary to provide sound evidence that the assessment
800 based on the averaged values does not lead to exceeding the underlying basic restrictions
801 or exposure limit values, respectively.

802 National regulations can differ from the preceding conditions and might pose different
803 requirements, e.g. on frequency range, minimum distance, or acceptability of spatial
804 averaging as described in step g). Incident electric and magnetic field strengths shall be
805 measured or calculated according to the applicable regulations.

806  Assessment procedures for SWPT, heavy duty EVs, and drones are described in Clause 1.1,
807 Clause 1.2, and Clause 1.3, respectively. Examples of assessment results are introduced in
808 Annex J.

809 If the incident field consists of non-negligible multiple frequency components based on the
810 guidelines, these contributions must be considered in the assessment. Summation regimes in
811 Annex B of IEC 62311:2019 [10] may be applied to consider spectral contributions.

812 6.1.2 Equipment
813  6.1.2.1 Equipment for electric field strength measurements

814  Electric field strength can be measured by a calibrated antenna or probe that is sensitive to
815  electric fields exclusively (e.g. small dipoles) and connected to the calibrated measurement
816 equipment.

817  Two types of antennas or probes are used for electric field measurements: single-axis-sensor
818 types, and three-axis-sensor types in which three sensors are arranged perpendicular to each
819 other. recommends using the three-axis type. Using single-axis instruments is
820 possible in some cases, e.g. when the direction of the field is already known ().
821 The electric field strength of the three-axis component readings given in Formula (17) applies.

Er =\E? +ES + E? (17)

822  where £, E, and E are effective electric field strengths for the three orthogonal axes. Three-
823 axis electric field measurement equipment has the advantage of measuring the net field Eg
824 regardless of the probe orientation.

825 In general, measurement equipment for electric field strength is either broadband or
826 narrowband. For both measurement systems, the equipment consists of an antenna or probe
827  (including power source), measurement part, and data recording and processing unit. The
828  following describes the system characteristics and selection method.

829 a) A broadband system uses dipole antennas. It is small enough to improve the uniformity of
830 the sensitivity at each frequency. To improve isotropy, three antennas are_generally
831 placed orthogonal to one another and each signal or the combined sigral i atigments
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832 This type of antenna is suitable for near-field electromagnetic fields of complicated
833 distributions. A broadband isotropic electric field strength meter designed for radio wave
834 protection is typically used for measurement. Other systems may include waveform
835 observation equipment, such as diode detectors and oscilloscopes.

836 b) A narrowband system is tuned to each target frequency. The measurement system
837 generally has broad measurement frequencies, high receiving sensitivity, and short
838 responses. It is thus also suitable for pulsed waves or multiple sources. However, for the
839 pulsed wave measurement, it is acceptable to measure in the frequency domain where the
840 target frequency range is broader than the passband width of the measurement system. A
841 biconical antenna with broadband characteristics is often used for far-field region because
842 the size of the antenna is not electrically small. A three-axis orthogonal small dipole is
843 suitable for near-field measurements.

844 c) For an electromagnetic environmental assessment, a broadband isotropic electric field
845 strength meter is preferred unless the equipment cannot be measured properly with such
846 a device, in which case it must be replaced by another measurement system.

847 When selecting a measurement system, the required performance, frequency response, and
848 electromagnetic field strength range must be considered.

849 6.1.2.2 Equipment for magnetic field strength measurements

850  Search-coil sensors are often used for a low frequency range of several hundred kilohertz and
851 below. In general, the search-coil probe is used for measuring environmental magnetic fields.
852  The coil probe measures the induced voltage associated with the time-varying magnetic flux
853 normal to the plane of the coil, averaged over the coil area. In a field that is uniform over the
854  area of the coil, the induced voltage at the coil terminals is calculated according to Formula
855 (18). All the quantities are in phasor forms.

V =—jwNBS (18)

856 where

857 V is the induced voltage;

858 w is the angular frequency (= 2mnf);

859 N is the number of turns;

860 B is the magnetic flux density (normal to the plane of the coil);

861 S is the cross-sectional area of the coil.

862  To achieve better sensitivity, the area and winding number are increased, and the magnetic
863 flux density is enhanced by using ferromagnetic material in the core of the coil. The signal is
864 processed to obtain flat frequency characteristics by an integrator in subsequent stages
865 because the output is proportional to the frequency. The uncertainty of the measured field at
866  the centre of the sensor caused by the gradient shall be assessed.

867  Magnetic field strength measurement equipment is divided into two classes: single-axis-
868 sensor types and three-axis-sensor types in which three sensors are arranged perpendicular
869 to one another. recommends using the three-axis type. The magnetic field
870 strength of the three-axis component reading given in Formula (19) applies.

By =B+ B’ +B? (19)

871 where B, B, and B, are effective magnetic flux densities for the three orthogonal axes.

872 Three-axis magnetic field measurement equipment has the advantage of measuring the net
873  field By regardless of the probe orientation.
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6.1.2.3 Equipment for magnetic field gradient

The evaluation method based on the coupling factor as a function of the magnetic field
gradient, i.e. 5.2.4.3, requires knowledge about the local B-field amplitude and gradient.

The magnetic field amplitude and gradient can be measured by sampling the field spatially in
3D around the location of exposure. The measurement can be performed by a single field
sensor or multiple isotropic magnetic field sensors. A probe with a single sensor can be
moved, e.g. by a robot system, to measure the field at separate locations of known spatial
placement, if the test signal is repetitive and the phase relation can be established. A probe
with multiple sensors can be used to measure the gradient directly, i.e. an axial or planar
gradiometer ([5], [12], [20], [21]).

6.2 SAR

SAR can be measured experimentally and directly compared with the basic restrictions. The
evaluation and validation procedures of SAR measurement for wireless communication
devices are described in IEC/IEEE 62209-1528 [11], whose frequency range is 4 MHz to 10
GHz. Similar measurement procedures can be used for WPT systems within the frequency
range of 4 MHz to 30 MHz. In this document, only the deviations required to assess the
spatial peak SAR values of WPT systems are described. Clause B.2 describes the procedure
for the measurement of the peak spatial-average SAR in a phantom model that simulates a
human body exposed to electromagnetic fields generated by the WPT systems. Using an
isotropic electric field probe, the SAR inside an irradiated body model can be determined. A
SAR measurement system consists of a suitable phantom, an electric field probe and a probe
scanning system.

The physical characteristics of the phantom model (size, shape, electrical properties, etc.)
shall simulate the human exposure condition by the WPT system. Phantom models such as
those specified in IEC/IEEE 62209-1528 [11] may be used. The phantom model must consist
of materials with dielectric properties similar to humans. At a frequency lower than 30 MHz,
the electrical properties of the material are dominantly affected by the conductivity of the
material. The liquid specified in IEC/IEEE 62209-1528 [11] may be used (Table 1) at
frequencies between 0,1 MHz and 30 MHz. NaCl solution with an appropriate conductivity
may also be used (Table 2). The relationship between conductivity and NaCl concentration is
described in reference [22]. The dependency of SAR on phantom properties and size are
shown in Annex D. The same media may be used for frequencies below 4 MHz provided that
the uncertainty with respect to conservative estimation is determined, considered, and
documented (see 9.3.3).

NOTE Reference [22] shows that the dielectric properties of saline solution differ by less than 5 % from their
value at 1 GHz when the frequency tends to zero. This is why constant parameters are specified in Table 1 and
Table 2 for the entire frequency range from 0,1 MHz to 30 MHz.

Table 1 — Dielectric properties of the tissue-equivalent medium liquid

Frequency Real part of the Conductivity, o
(MHz) complex relative (S/m)
permittivity, &
0,1 to 30 55 0,75

Table 2 — Dielectric properties of the tissue-equivalent medium
NaCl solution of 0,074 mol/L
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916

917 The WPT system shall be operated at the closest compliance distance to the phantom. Due to
918  the high SAR gradients of the induced field, measurements closer than 2 mm from the
919 phantom surface shall be performed. If the boundary effect, which is caused by mutual
920 interaction between the probe and the phantom surface, causes a large uncertainty in the
921 measurement, the measurement may be performed at a distance of up to 2,5 cm from the
922 phantom surface as long as it can provide a sufficient signal-to-noise ratio for the results. An
923  extrapolation method (see Annex E) of the induced field may then be used to determine the
924  SAR peak at the phantom surface. In that case, uncertainty due to the extrapolation method
925  with respect to SAR values shall be included in the uncertainty budget. Extensions of the area
926  scan or volume scan methods may be used to determine the location of maximum SAR. The
927  phantom region shall be 20 % larger than the source or as large as the phantom, whichever is
928  smaller. The grid for the zoom scan to be performed around the locations of the SAR maxima
929 (all peak SAR values within 2 dB of the global maximum), and shall be in compliance with the
930 requirements set forth in Table 4 of IEC/IEEE 62209-1528:2020 [11].

931 6.3 Contact currents
932 6.3.1 General

933 EC TR 63167 [19] introduces general information on the assessment of contact current
934 related to human exposure to electric, magnetic, and electromagnetic fields including
935 assumed situations and a proposed method for measuring contact currents.

936 6.3.2 Equipment

937 An electrical equivalent circuit human body impedance model, which is frequency dependent,
938 is used to measure contact currents. Figure 7 shows an equivalent circuit, as depicted in
939 [23], which simulates a human body. Several other studies have evaluated human
940 body impedance and proposed more precise equivalent circuits using arrangements of
941 resistors and capacitors [24], [25], [26], [27]. The frequency characteristics of human body
942 impedance with grasping conditions are compared in Figure 8. The impedance depends on
943 area of contact and usually the impedance for grasping contact is lower than that for point
944  contact. The assumed conditions of contact are "point contact" (area not specified) in ICNIRP
945 guidelines [2], [3], and "touch contact" with a contact area of 1 cm?2 and "grasping contact"
946 (applicable only for a controlled environment) with a contact area of 15 cm?2 for IEEE safety
947 standards [5], [7], [8], [9].

948 Figure 9 shows the configuration of a contact current meter. The contact terminal is made of
949 metal. If the target point of the contact part is painted, a 10 cm x 20 cm metal foil should be
950 attached to it to simulate a hand palm contact, according to [23]. A metal board
951 equivalent to the size of a foot is used as the ground electrode. The contact current is
952 measured from the current flowing through the equivalent circuit of the human inside the
953 meter.

954
C 022yF
|1
1
e
- R 15000 o
956 Figure 7 — Human body equivalent circuit proposed in JEC 60990

23
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959 Figure 8 — Impedance frequency characteristics of adult male and equivalent circuits
EC 6099

960 proposed in 0 [23] and evaluated values [24], [25], [26], [27]
961
Contact terminal
Equivalent
circuit
Ground electrode
962 IEC
963 Figure 9 — Example of contact current measurement equipment
964

965  6.3.3 Measurements
966  The following issues must be considered for the measurement of contact currents.

967 e Specify requirements on measurement equipment or reference an appropriate standard.

968 e Avoid electromagnetic field disturbances caused by the operator and measurement
969 systems as much as possible.

970 e Environmental conditions (temperature, humidity, vibration, electromagnetic fields, etc.)
971 can affect the measurement equipment.

972 e Use a calibrated measurement system.
973 There are two types of measurements, depending on the expected exposure scenario.

974  a) Measurement methods using an ungrounded metal board

975 1) Place a ground electrode where a person can stand.

976 2) Place an ungrounded metal board large enough at the location where metal objects

977 can exist in the actual usage condition. For representing an EV, a metal board Iarger

978 than 1,2 m x 1,2 m may be used. Choose the closest position in the actual usa

979 because the contact current tends to become higher as metal objests comie’ ©6s6H ents
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980 the WPT system. Find the maximum condition of the contact current because the metal
981 board position (height) and direction can change the contact current strength.

982 3) Touch the contact terminal to the metal board where a person can touch. Find a stable
983 indicated value. Find the maximum value if there is a dependency on the touch
984 position.

985 b) Measurement methods using a grounded metal board

986 1) Place a ground electrode where a person can stand.

987 2) Place a grounded metal board at the location where metal objects can exist in the
988 actual usage condition. Choose the closest position in the actual usage because the
989 contact current tends to become higher as metal objects come closer to the WPT
990 system. Find the maximum position of the contact current because the metal board
991 position (height) and direction can change the contact current strength.

992 3) Touch the contact terminal to the metal board where a person can touch. The contact
993 current becomes larger according to the magnitude of the interlinkage magnetic flux to
994 a loop created by the grounded metal board and human body. A rectangular loop with
995 size of approximately 1,5 m (height) x 0,5 m (width) may be used to evaluate the
996 contact current. Find the loop arrangement which gives the maximum contact current
997 value.

998

999 7 Computational assessment methods

1000 7.1 General

1001 The internal electric field, psSAR, or whole-body SAR for comparison with basic restrictions
1002 shall be calculated by simulation using a representative set of anatomical human models.
1003 Calculations may be performed using full wave methods or quasi-static methods, depending
1004  on the electrical size of the problem geometry. For quasi-static problems, the effect of the
1005 induced fields in the human body on the incident field source is assumed to be negligible. The
1006 incident fields and the induced fields can be evaluated in separate simulations using separate
1007  computational methods. For the calculation of the incident fields, analytical or quasi-analytical
1008 methods may be applicable. Table 3 summarizes the computational methods for exposure
1009 evaluation. A brief description of computational methods is also given in Annex F. Annex H
1010  describes averaging algorithms, and code verification and model validation, respectively. At
1011 present, body phantoms to conservatively test for compliance of WPT systems with safety
1012 limits are not available. Hence, the relevant induced fields need to be evaluated in a
1013 representative set of anatomical body models. These models shall include the following:

1014 e availability of larger bodies which have increased absorption rates and are therefore more
1015 susceptible to nerve stimulation effects from low frequency magnetic fields;

1016 o availability of smaller bodies (children) which can be closer to the field source

1017 e individual segmentation of the tissues of the central and peripheral nervous systems for
1018 evaluation with the respective basic restrictions;

1019 e posable or movable limbs for the modelling of realistic exposure scenarios.
1020 NOTE 1 Simulations can be also applied to assess the incident fields with respect to the reference levels.

1021 All computational algorithms should be verified for technically correct implementation.
1022 Guidance is provided in Annex H.

1023 NOTE 2 The experimental standard |IEC/IEEE 62209-1528:2020 specifies SAR measurement methods for a

1024 frequency range from 4 MHz to 10 GHz. While a frequency range is specified for the computational standards

1025 IEC/IEEE 62704-1 [28] and IEC/IEEE 62704-4 [29], the computational methods are generally independent of the

1026 frequency. They are applicable for the frequency range of this standard provided that the uncertainty of the

1027 truncation of the computational domain is appropriately considered and its uncertainty assessed.
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1029 Table 3 — Computational methods
Calculation method Note
BEM (boundary element method) Full-wave computation
FDFD (finite difference frequency domain) Full-wave computation
FDTD (finite difference time domain) Full-wave computation
FEM (finite element method) Full-wave or quasi-static approximation computation
QS-FDTD Quasi-static approximation computation
FIT (finite integration technique) Full-wave or quasi-static approximation computation
MoM (method of moments) Full-wave computation
Hybrid method (e.g. MoM + FDTD) Full-wave computation
SPFD (scalar potential finite difference) Quasi-static approximation computation
IM (impedance method) Quasi-static approximation computation
1030

1031 7.2 Quasi-static approximation

1032 For the applicability of a computational method based on the quasi-static approximation, the
1033 upper frequency limit is established considering the dimensions of the exposed body region or
1034 person, the size of the field source, and the distance between them. The field source
1035 dimensions are referred to as feature size D hereinafter. The frequency limit is then given by
1036 the quasi-static approximation of Formula (20), Formula (21), and Formula (22):

D 2
‘wzgyDz‘ <1 o (7j <<1 (20)
1037  or
®*R{e} uD? << 1 (21)
1038  and
a)o;uD2 <<1 (22)
1039 where
) is the angular frequency;
R{e} is the real part of the complex relative permittivity with the maximum absolute value

within the exposed region;
7 is the permeability;
is the minimum wavelength within the exposed region;
o is the conductivity of the exposed tissue or the tissue-equivalent medium.
1040 Formula (20), Formula (21), and Formula (22) contain only the frequency, the dielectric and
1041 magnetic properties, and spatial dimensions of the geometry to be analysed (field source and
1042  exposed body). They do not refer to either electric or magnetic field exposure. The frequency
1043 range within which electric and magnetic fields can be regarded as decoupled is identical for

1044 electric and magnetic field exposure. Hence, the quasi-static approximation applies to both
1045 inductive and capacitive coupling.
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1046 A rationale shall be given along with evaluation results on why the quasi-static approximation
1047  applies on the evaluated exposure scenario. Possible deviations from a full wave solution
1048  shall be discussed and may need to be considered in the uncertainty budget (9.3).

1049 7.3 Computational assessment against the basic restrictions
1050 7.3.1 General

1051 Depending on the applicable safety guidelines and on the frequency range, the basic
1052 restrictions on human exposure are specified in terms of:

1053 e peak spatial average SAR [2], [4], [7], [8], [9] (7.3.2);

1054 e whole-body average SAR [2], [4], [7], [8], [9] (7.3.3);

1055 e averaged current density on a surface [2] (Clause G.1);

1056 e peak spatial average E-field in a cubical volume [3] (Clause G.2);

1057 e peak spatial average E-field along a line [5], [7], [8], [9] (Clause G.3);

1058 e maximum local E-field [30] (Clause G.4).

1059 Different limits can apply for these quantities depending on the exposed body region. The
1060 computational code or the applied post-processing techniques shall implement the required
1061 averaging methods. Because the descriptions of the averaging algorithms in the exposure
1062  guidelines that establish them are generally not sufficiently detailed for an implementation as
1063 a computational algorithm, this document refers to the respective computational International
1064 Standards that specify those, or specifies its own algorithms if an appropriate definition is not

1065  available elsewhere. Details are given in 7.3.2, 7.3.3, and Annex G. The implementation of
1066  these algorithms should be validated according to the methods described in Annex H.

1067 NOTE Peak quantities, such as the E-field or the SAR, may be read out directly from the post processor.
1068 Alternatively, the methods specified for the peak spatial average quantities may be applied (7.3.2, Clause G.2) with

1069 averaging volumes on the order of magnitude of the voxels or tetrahedra of the exposed body region. Care should
1070 be taken concerning stair-casing artefacts because these may affect the readout of the global field maximum or be
1071 dominant in small averaging volumes.

1072 7.3.2 Peak spatial-average SAR

1073  The peak spatial average SAR shall be evaluated according to IEC 62704-1 [28] for Cartesian
1074 meshes, and according to IEC 62704-4 [29] for unstructured meshes.

1075  7.3.3 Whole-body average SAR

1076  The whole-body average SAR shall be evaluated according to IEC 62704-1 [28] for Cartesian
1077 meshes, and according to IEC 62704-4 [29] for unstructured meshes.

1078 7.3.4 Averaged current density on a surface

1079 The electric field distribution in the exposed body shall be evaluated according to IEC 62704-
1080 1 [28] for Cartesian meshes, and according to IEC 62704-4 [29] for unstructured meshes. The
1081 averaged current density shall then be calculated according to Clause G.1.

1082 7.3.5 Peak spatial average E-field in a cubical volume

1083 The electric field distribution in the exposed body shall be evaluated according to IEC 62704-
1084 1 [28] for Cartesian meshes, and according to IEC 62704-4 [29] for unstructured meshes. The
1085 peak spatial average E-field in a cubical volume shall then be calculated according to Clause
1086 G.2.
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1087 7.3.6 Peak spatial average E-field along a line

1088 The electric field distribution in the exposed body shall be evaluated according to IEC 62704-
1089 1 [28] for Cartesian meshes, and according to IEC 62704-4 [29] for unstructured meshes. The
1090 peak spatial average E-field along a line shall then be calculated according to Clause G.3.

1091 7.3.7 Maximum local E-field

1092 The electric field distribution in the exposed body shall be evaluated according to IEC 62704-
1093 1 [28] for Cartesian meshes, and according to IEC 62704-4 [29] for unstructured meshes. The
1094 maximum local E-field shall then be calculated according to Clause G.4. It should be noted
1095  that several simulations with different mesh resolutions according to IEC 62704-1 [28] or IEC
1096 62704-4 [29] may be necessary to limit the impact of staircasing errors.

1097

1098 8 Combination of measurement and computational methods for inductive WPT
1099 systems

1100 8.1 General

1101 Because internal electric field, current density, or SAR are difficult to measure directly, the
1102  evaluation is often performed using computational approaches. However, it is difficult to
1103 accurately model an actual exposure situation in simulations including an electric vehicle body,
1104  ground planes, etc. In addition, it is sometimes difficult to retrieve information about the size,
1105  shape, and design of the WPT systems. It is possible to evaluate internal electric field or SAR
1106 by an approach combining both the measurement of electromagnetic fields around the system
1107 and computational analyses of induced quantities. The magnetic near-field data are first
1108 measured in the area occupied by the human body. Then, the measured magnetic fields are
1109 used as incident fields in the impedance method (IM) or the scalar-potential finite-difference
1110  (SPFD) method to derive the internal electric field strength inside the human-body model.

1111 8.2 Measurement of magnetic field

1112 For measurements of magnetic field distributions below 10 MHz, search-coil sensors are often
1113 used. Both amplitude and phase of the magnetic field shall be measured in the area occupied
1114 by the human body. To measure the phase of magnetic field, one magnetic sensor should be
1115 fixed at a specific position to retrieve the reference phase and the other sensor is moved over
1116 the area occupied by the human body.

1117 8.3 Computational analyses of induced quantities

1118 Anatomical human models or appropriate dosimetric phantoms shall be used to calculate
1119 induced field quantities. Computational methods for the calculation of the induced field
1120  quantities are summarized in Annex F. The measured magnetic field distribution is applied as
1121 the incident field in the computational method such as IM or SPFD. Measured magnetic field
1122  data may be directly applied as a source in IM. However, since SPFD uses vector potentials
1123 as a source to calculate the internal electric field, the reconstruction of vector potentials from
1124  the measured magnetic field H) or the magnetic flux density (B) is required. A finite number of
1125  samples of B from simulations may be used for field reconstruction. Otherwise a finite number
1126 of sample measurements may be taken at monitor points. In this case the spatial coordinate
1127 of the collected measurement samples is also needed.

1128 The procedure to reconstruct the B-field distribution is described in [31]. The magnetic flux

1129 density is assumed to be B=u,B, +u,B, +u,B,, which satisfies V-B =0, where uy . are unit

1130  vectors. Hence it can be represented using a vector potential 4, so that VxA4=B. A vector
1131 potential is given by Formula (23), Formula (24), and Formula (25):
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y z
1 , 1 , , 1 n, ] N
A, =—H§Bz(x,y )+ B (wy :0)} dy +£[§By(x’%z )+g By (x0.2 )} dz (23)
z 1 1 X 1 1
4, = —.([{EBX (x, y,z')+€BZ (O,y,z')} dz' + -([[EBZ (x’,y,z)+€Bz (x’,y,O)} dx’ (24)
A—X1B ' 1B 0 d'y1B ' 1BO' dy’
fameagneafu [ In g gaoraly e

1132 Formula (23), Formula (24), and Formula (25) do not depend on electric or magnetic
1133 properties, therefore they are valid for any arbitrary inhomogeneous, anisotropic, or nonlinear
1134 medium.

1135 8.4 Computational assessment against the basic restrictions

1136  The basic restrictions are generally specified for induced field quantities that are averaged
1137 over a certain geometrical shape in the exposed body or phantom. For the computational
1138 assessment of the induced fields. The methods described in 8.3 shall be applied to calculate
1139  the induced fields for a representative set of anatomical models of the human body or an
1140  appropriate dosimetric phantom. Computation of the induced fields against the basic
1141 restrictions shall then be carried out according to 7.3.

1142

1143 9 Uncertainty assessments

1144 9.1 General

1145 In 9.2 through 9.4, the experimental and computational uncertainty sources are listed that
1146 shall be assessed for estimating the total evaluation uncertainty. The uncertainty budget is
1147 based on the concepts of ISO/IEC Guide 98-1, ISO/IEC 98-3, [32], and [33]. For most
1148 methods described in this standard, each source of uncertainty is considered as independent
1149  and can therefore be assessed separately from the others.

1150 9.2 Measurement methods
1151 9.2.1 Measurement uncertainty budget

1152  Table 4 summarizes the main parameters related to magnetic field measurements.

1153
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Table 4 — Example of uncertainty evaluation of the
exposure assessment using measurement methods
Input quantity X, Ref E::tb;‘ Unc. Div.2 u(x;) = uy) = v, or

(source of uncertainty) ) PDF. alx;) q; a(x;))/ q; c;u(x;) Vet
AmpIitude calibration 922 N 1
uncertainty
Probe anisotropy 9.2.39.2.3 V3
Probe dynamic linearity 9.2.4 \3
Probe frequency domain 925 R N
response
Modulation response 9.2.6 R \3
Spati‘al averagir)g 927 R N
(maximum gradient)
Gradieqt assessment 928 R V3
uncertainty
Parasitic E-field sensitivity 9.2.9 R V3
Detection limit 9.2.10 R V3
Readout electronics 9.2.11 N 1
Response time 9.2.12 N 1
Probe positioning 9.2.13 N 1
Shap_ing,_filtering, signal 9214 N 1
conditioning
Nominal position 9.2.15 R V3
Repeatability 9.2.16 1
Combined uncertainty
(k =1) RSS
Expanded uncertainty
(k = 2) and effective U= Vetf =
degrees of freedom

@ Other probability distributions and divisors may be used if they better represent available knowledge of the

quantities concerned.
NOTE 1

NOTE 2 The divisor is a function of the probability distribution and degrees of freedom (v; and vgg).

NOTE 3 c; is the sensitivity coefficient that is applied to convert the variability of the uncertainty component into

i

a variability of the exposure quantity.

Abbreviations: N — normal probability distribution; R — rectangular probability function

9.2.2

Amplitude calibration uncertainty

The amplitude calibration uncertainty shall be evaluated within the scope of calibration
(frequency and dynamic ranges) of the calibration system, e.g. a transverse electromagnetic
(TEM) cell. Details on field generation are given in B.2.1.

9.2.3

Probe anisotropy

The probe anisotropy shall be evaluated by exposure in a homogeneous magnetic field, e.g.
inside a TEM cell or appropriate coil configurations. For the quantification of the uncertainty,
the probe shall be tilted through angular increments of 5° along the three probe axes, and the
maximum error shall be reported as uncertainty according to the definition in B.2.2.1.4.
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1166 9.24 Probe dynamic range linearity

1167 Probe dynamic range shall be evaluated covering the dynamic range from 10 % (=20 dB in
1168 terms of induced E-fields or current density, or —10 dB in terms of SAR) of the general public
1169 exposure limits to greater than four times the occupational exposure limit. The probe linearity
1170 shall be evaluated in a homogeneous magnetic field, which can be generated in a TEM cell or
1171 by appropriate coil configurations. See also B.2.2.1.3.

1172 9.2.5 Probe frequency domain response

1173 The probe frequency domain response is evaluated for a homogenous incident field over
1174 specified operational frequency range. The uncertainty due to the probe frequency response
1175 is assessed by evaluating the flatness of the probe response across the frequency range. The
1176  frequency domain response shall be evaluated in a homogeneous magnetic field, which can
1177 be generated in a TEM cell or by appropriate coil configurations. See also B.2.2.1.2.

1178 9.2.6 Modulation response

1179 Probe modulation response shall be evaluated for modulated carriers in the specified
1180  frequency range with rectangular pulse modulation, 10 % duty cycle, 10 Hz, 100 Hz, 1 000 Hz
1181 pulse repetition rate (whatever is applicable at the carrier frequency). The modulation
1182 response shall be evaluated in a homogeneous magnetic field, which can be generated in a
1183 TEM cell or by appropriate coil configurations.

1184  9.2.7 Spatial averaging (maximum gradient)

1185 The uncertainty due to spatial averaging shall be evaluated in gradient fields that correspond
1186  to those of the incident field of the WPT system under test (DUT) with respect to amplitude
1187  and orientation within a maximum range from 0 T/m/T to = 30 T/m/T. The gradient fields shall
1188 be generated using an appropriate coil configuration (B.2.1) considering the overall
1189 dimensions of the probe.

1190 9.2.8 Gradient assessment uncertainty

1191 The uncertainty in the accuracy of field gradient measurements shall be assessed by applying
1192  the probe positioning error (9.2.13) on the gradient uncertainty (Clause B.3) and considered
1193 as a separate uncertainty parameter. The gradient assessment uncertainty shall only be
1194 considered for Tier 3 evaluations.

1195  9.2.9 Parasitic E-field sensitivity
1196 Parasitic E-field sensitivity is tested with the magnetic field probe in maximum hold swept
1197 through all possible spherical incident E-fields directions with the E-field amplitude at the

1198 occupational exposure limit. Appropriate homogeneous E-fields can be generated in a TEM
1199 cell or in a parallel plate capacitor. Details on field generation are given in B.2.1.

1200 9.2.10 Detection limit
1201 Detection limit is the contribution of the readout electronic noise, i.e. the signal-to noise ratio,

1202 at 10 % (-20 dB in terms of induced E-fields or current density, or —10 dB in terms of SAR) of
1203  the general public exposure limits.

1204 9.2.11 Readout electronics

1205 Readout electronics is the uncertainty contribution by analogue-to-digital conversion.

1206 9.2.12 Response time

1207 If the probe is operated in swept mode, response time is the sampling response error for the
1208 probe swept through a gradient field of =2 20 T/m/T at a speed of 0,1 m/s. Documents
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1209 9.2.13 Probe positioning

1210 The uncertainty due to probe positioning shall be evaluated as the error in a gradient field of
1211 = 30 T/m/T considering the mechanical tolerances, such as the positioning accuracy, of the
1212 probe positioning system (e.g. robot).

1213 9.2.14 Shaping, filtering, signal conditioning

1214 Shaping, filtering, and signal conditioning are the uncertainty contributions by analogue or
1215 digital signal conditioning and processing.

1216 9.2.15 Nominal position

1217 The nominal positioning uncertainty shall be evaluated as the positioning uncertainty (9.2.13)
1218 with respect to assessing the worst-case exposure.

1219  9.2.16 Repeatability
1220 The repeatability shall be evaluated by measuring the field amplitude at a specific point at the

1221 closest accessible distance to the source ten times. It then evaluated as the standard
1222 deviation of these measurements.

1223 For incident E-field measurements the same components as in Table 4 apply. Parasitic H-field
1224 sensitivity shall be evaluated instead of parasitic E-field sensitivity in 9.2.9.

1225 The possible variations caused by the exposure systems are:

1226  a) incident field distribution (i.e. gradient);

1227 b) frequency;

1228 c) geometry of WPT source (size of the coils, shape, alignment);

1229  d) system setup (closest accessible point, possible objects around the source not

1230 removable);
1231 e) calibration differences.

1232 9.3 Computational methods
1233 9.3.1 Computational uncertainty budget

1234  Table 5 summarizes the sources of uncertainty for computational methods. The methodology
1235  closely follows IEC/IEEE 62704-1 [28], IEC/IEEE 62704-4 [29], and IEC/IEEE 63195-2 [34].
1236 These standards are referenced where necessary.

1237
1238 Table 5 — Example of uncertainty evaluation of computational methods
. Prob. . = =
Input quantity X, Ref Dist.2 Unc. Div.2 u(x;) = c uy) = v, or
(source of uncertainty) ) PDF. a(x;) q; a(x;)) / q; ! c;u(x;) Voss
1
Grid resolution 9.3.2 R \3 1
Tissue parameters 9.3.3 R V3 1
Exposure position 9.3.4 R V3 1
Source representation 9.3.5 N 1 1
Convergence and power 936 R 3 1
budget
Boundary conditions 9.3.7 R \3 1
MNaAass lmnnts
oUCuUIiic
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