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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ASSESSMENT OF LIGHTING EQUIPMENT RELATED
TO HUMAN EXPOSURE TO ELECTROMAGNETIC FIELDS

FOREWORD

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

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

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

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

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

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

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

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

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

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IEC 62493 edition 2.1 contains the second edition (2015-03) [documents 34/222/FDIS
and 34/228/RVD] and its amendment 1 (2022-06) [documents 34/827/CDV and
34/906/RVC].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 62493 has been prepared by IEC technical committee 34: Lamps
and related equipment.

This second edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) identification of lighting product types deemed to comply with the standard without the
need for test;

b) deletion of the need for CISPR-15-compliance as a prerequisite for IEC 62493 compliance;

c) inclusion of the consequences of the ICNIRP 2010 guidelines for (up to 100 kHz);

d) adding some guidance to the Van der Hoofden test head method to improve reproducibility
of results;

e) inclusion of compliance demonstration method for products having intentional radiators.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62493 series, published under the general title Assessment of
lighting equipment related to human exposure to electromagnetic fields, can be found on the
IEC website.

The exposure limits given in Annex C (informative) are for information only; they do not
comprise an exhaustive list and are valid only in certain regions of the world. It is the
responsibility of users of this standard to ensure that they use the current version of the limit
values specified by the applicable national authorities.

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under webstore.iec.ch
in the data related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

This International Standard establishes a suitable evaluation method for the influence of the
electromagnetic fields in the space around the equipment mentioned in the scope, and
defines standardized operating conditions and measurement distances.

This standard is designed to assess, by measurements and/or calculations, electromagnetic
(EM) fields and their potential effect on the human body by reference to exposure levels of the
general public given by ICNIRP:4998 2020 [1]1, ICNIRP 2010 [2], IEEE C95.1:2005 [3] and
IEEE C95.6:2002 [4]. The exposure levels with which to comply are basic restrictions (both
ICNIRP- and IEEE-based).

Based on the lighting equipment operating properties, the frequency range of the applicable
basic restrictions can be limited as follows:

e internal electric field between 20 kHz and 10 MHz;
e specific absorption rate (SAR) between 100 kHz and 300 MHz;

e power density is outside the scope.

NOTE Operating frequencies of lighting equipment are higher than 20 kHz to avoid audible noise and infrared
interference. Frequency contributions above 300 MHz can be neglected.

This standard is not meant to supplant definitions and procedures specified in exposure
standards, but it is aimed at supplementing the procedure already specified for compliance
with exposure.

1 Numbers in square brackets refer to the Bibliography.

Documents

Document Sharing Hub

Full document details: IEC 62493-2022


http://avadocuments2026.com/doc/iec-62493-2022
http://avadocuments2026.com/doc/iec-62493-2022

IEC 62493:2015+AMD1:2022 CSV -9-
© IEC 2022

ASSESSMENT OF LIGHTING EQUIPMENT RELATED
TO HUMAN EXPOSURE TO ELECTROMAGNETIC FIELDS

1 Scope

This International Standard applies to the assessment of lighting equipment related to human
exposure to electromagnetic fields. The assessment consists of the induced internal electric
field for frequencies from 20 kHz to 10 MHz and the specific absorption rate (SAR) for
frequencies from 100 kHz to 300 MHz around lighting equipment.

Included in the scope of this standard are:

— all lighting equipment with a primary function of generating and/or distributing light
intended for illumination purposes, and intended either for connection to the low voltage
electricity supply or for battery operation; used indoor and/or outdoor;

— lighting part of multi-function equipment where one of the primary functions of this is
illumination;

— independent auxiliaries exclusively for the use with lighting equipment;
— lighting equipment including intentional radiators for wireless communication or control.

Excluded from the scope of this standard are:

— lighting equipment for aircraft and airfields;

— lighting equipment for road vehicles; (except lighting used for the illumination of passenger
compartments in public transport)

— lighting equipment for agriculture;
— lighting equipment for boats/vessels;
— photocopiers, slide projectors;

— apparatus for which the requirements of electromagnetic fields are explicitly formulated in
other IEC standards.

NOTE The methods described in this standard are not suitable for comparing the fields from different lighting

equipment.

This standard does not apply to built-in components for luminaires such as electronic

controlgear.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 62209-2:2010, Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and procedures
— Part 2: Procedure to determine the specific absorption rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)

IEC 62232:2011, Determination of RF field strength and SAR in the vicinity of
radiocommunication base stations for the purpose of evaluating human exposure

IEC 62311:2007, Assessment of electronic and electrical equipment related to human
exposure restrictions for electromagnetic fields (0 Hz — 300 GHz)
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IEC 62479:2010, Assessment of the compliance of low-power electronic and electrical
equipment with the basic restrictions related to human exposure to electromagnetic fields
(10 MHz to 300 GHz)

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods. Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

3 Terms, definitions, physical quantities, units and abbreviations

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

3.1.1

ballast

unit inserted between the supply and one or more discharge lamps which by means of
inductance, capacitance, or a combination of inductance and capacitance, serves mainly to
limit the current of the lamp(s) to the required value

Note 1 to entry: It may also include means for transforming the supply voltage and arrangements that help
provide starting voltage and pre-heating current.

3.1.2

basic restriction

basic limitations

restrictions on exposure to time-varying electric, magnetic and electromagnetic fields that are
based on established biological effects and including a safety factor

Note 1 to entry: The basic restriction is the maximum level that should not be exceeded under any conditions.

3.1.3

built-in lamp controlgear

lamp controlgear generally designed to be built into a luminaire, a box, an enclosure or the
like and not intended to be mounted outside a luminaire, etc. without special precautions

Note 1 to entry: The controlgear compartment in the base of a road lighting column is considered to be an
enclosure.

3.1.4

compliance factor

F

factor determined using the Van der Hoofden head test method that represents the measured
(weighted and summed) induced internal electric field due to the external electric field in the
frequency range 20 kHz to 10 MHz

Note 1 to entry: See Annex D and Annex E.

3.1.5

electronic controlgear

mains-supplied a.c./d.c. to a.c./d.c. invertor including stabilizing elements for starting and
operating one or more lamps, generally at high frequency

Note 1 to entry: All kinds of igniters, starters, switches, dimmers (including phase control units e.g. triac, GTO)
and sensors are not considered as electronic controlgear.

3.1.6

exposure

exposure occurs whenever and wherever a person is subjected to electric, magnetic or
electromagnetic fields or to contact currents other than those originating from physiological
processes in the body and other natural phenomena

3.1.7
exposure distance
typical distance between lighting equipment and a person under normal conditions of use
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3.1.8

fluorescent lamp

discharge lamp of the low pressure mercury type in which most of the light is emitted by one
or several layers of phosphors excited by the ultraviolet radiation from the discharge

Note 1 to entry: These lamps are frequently tubular and, in GB are then usually called fluorescent tubes.

3.1.9

high-intensity discharge lamp

HID lamp

electric discharge lamp in which the light-producing arc is stabilized by wall temperature and

the arc has a bulb wall loading in excess of 3 W/cm?2

Note 1 to entry: HID lamps include groups of lamps known as high pressure mercury, metal halide and high
pressure sodium lamps.

Note 2 to entry: This note applies to the French language only.

3.1.10

high-pressure lamp

high intensity discharge lamp in which the major portion of the light is produced, directly or
indirectly, by radiation from mercury or sodium vapour operating at relatively high levels of
partial pressure

3.1.11

independent auxiliary

auxiliaries consisting of one or more separate elements designed so that it can be mounted
separately outside a luminaire, with protection according to the marking of the auxiliaries and
without any additional enclosure

EXAMPLE: Examples are dimmers, transformers and convertors for incandescent lamps or LED light sources,
ballasts for discharge lamps (including fluorescent lamps) and semi-luminaires for compact fluorescent lamps,
incandescent lamps or LED light sources

Note 1 to entry: This may consist of a built-in auxiliary housed in a suitable enclosure which provides all the
necessary protection according to its markings.

3.1.12

independent lamp controlgear

independent electronic converter

lamp controlgear consisting of one or more separate elements so designed that it can be
mounted separately outside a luminaire, with protection according to the marking of the lamp
controlgear and without any additional enclosure

Note 1 to entry: This may consist of a built-in lamp controlgear housed in a suitable enclosure that provides all
the necessary protection according to its markings.

3.1.13

integral lamp controlgear

lamp controlgear which forms a non-replaceable part of a luminaire and which cannot be
tested separately from the luminaire

3.1.14

intentional radiator

any device that is designed to produce electromagnetic fields on purpose in order to provide
functions such as wireless communication, control, detection, etc.

Note 1 to entry: Devices that are designed to only receive electromagnetic fields from other sources are not
considered as intentional radiators. For example, near field communication (NFC) transducers are not considered
as intentional radiators.

3.1.15

lamp controlgear

one or more components between the supply and one or more lamps which may serve to
transform the supply voltage, limit the current of the lamp(s) to the required value, provide
starting voltage and preheating current, prevent cold starting, correct power factor or reduce
radio interference
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3.1.16

light emitting diode

LED

solid state device embodying a p-n junction, emitting optical radiation when excited by an
electric current

Note 1 to entry: This note applies to the French language only.

3.1.17

lighting equipment

equipment with a primary function of generating and/or regulating and/or distributing optical
radiation by electric light source(s)

3.1.18
low-pressure lamp
discharge lamp in which the light is produced by radiation from sodium vapour or mercury

3.1.19

measurement distance

distance between the lighting equipment and the external surface of the measurement test-
head

Note 1 to entry: See Annex A.

3.1.20
measurement point
position and location of the measurement test head relative to the lighting equipment

3.1.21

organic light emitting diode

OLED

light emitting semiconductor that has an electroluminescent zone made of organic compounds
consisting of a cathode, an anode, and organic electroluminescent layers

Note 1 to entry:  This note applies to the French language only.

3.1.22

self-ballasted lamp

unit which can be dismantled without being permanently damaged, provided with a lamp cap
and incorporating a light source and additional elements necessary for starting and for stable
operating of the light source

3.2 Physical quantities and units
For the purposes of this document the following physical quantities and units given in Table 1

apply.
Table 1 — Physical quantities and units
Quantity Symbol Unit Dimension

Conductivity o Siemens per metre S/m

Current density J Ampere per square metre | A/m?

Electric field strength E Volt per metre V/m

Frequency f Hertz Hz

Magnetic field strength H Ampére per metre A/m

Magnetic flux density B Tesla T (Wb/m?2, Vs/m?)
Power P Watt w

Current 1 Ampere A
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3.3 Abbreviations
For the purposes of this document the following abbreviations apply.

a.c. alternating current

BR basic restriction

CISPR Comité International Spécial des Perturbations Radioélectriques
d.c. direct current

DUT device under test

EIRP equivalent isotropically radiated power

EMF electromagnetic field

EMI electromagnetic interference

ERP effective radiated power

GTO gate turn off

HID high intensity discharge

ICNIRP International Commission on Non-lonizing Radiation Protection
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IR Infrared

LED light emitting diode

LLA large loop antenna

NWA network analyser

OLED organic light emitting diode

PRF pulse repetition frequency

RF radio frequency

r.m.s. root mean square

SAR specific absorption rate

uv ultraviolet

WBA whole-body average

4 Limits

4.1 General

The basic restrictions or reference levels for the general public of either IEEE C95.1-2005 or
ICNIRP-1998 (ICNIRP 2020 and ICNIRP 2010) are used, see Annex C.

NOTE Reference levels have been taken from ICNIRP publications however, basic restrictions of IEEE and
ICNIRP are essentially the same.

Lighting equipment shall comply with the Van der Hoofden test limit (4.2.3), unless it is
inherently compliant (4.2.2). If equipped with intentional radiators, it shall also pass the
assessment procedure for intentional radiators (4.3). An overview of the routes to
demonstrate compliance against these limits is given in Figure1.

4.2 Unintentional radiating part of lighting equipment

4.2.1 General

This subclause 4.2 applies for lighting equipment, excluding the intentional radiating part (as
far as applicable).
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4.2.2 Lighting equipment deemed to comply with the Van der Hoofden test without
testing

Lighting equipment is deemed to comply with the requirements of this standard without testing
if it fulfils one of the following inherent-compliance conditions:

1) it contains no electronic controlgear;

2) itis incandescent-lamp technology, including halogen;

3) it is a LED-light-source technology;

4) it is an OLED light-source technology;

5) it is high-pressure discharge lamp technologies;

6) it is based on low-pressure discharge lamp technologies with an exposure distance larger
than or equal to 50 cm (according to Table A.1);

7) it is an independent auxiliary.

The background and rationale for these conditions is given in the informative Annex H.
Lighting equipment that does not fulfil any of these conditions is subject to the requirements
given in 4.2.3.

4.2.3 Application of limits

Lighting equipment, as described in the scope, and which does not fulfil one of the inherent
compliance conditions mentioned in 4.2.2, complies with this standard if the compliance factor
F (see 3.1.4) is less than or equal to 1.

4.3 Intentional radiating part of lighting equipment

If one or more intentional radiators are part of the lighting equipment, then for compliance with
this standard, one of the methods given in Clause 7 shall be applied and the conditions
satisfied. See also Annex | for details.
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Inherent
compliance?
(4.2.2 and
Annex H)

Perform
Van der Hoofden test
and determine
compliance factor F

Results
compliance factor
F<1?

Intentional
radiators?

Apply the procedure and
one of the methods given in
Clause 7

Selected
Clause 7 condition
satisfied?

PASS

IEC

Figure 1 — Compliance routes and pass/fail criteria for lighting equipment
5 General requirements Van der Hoofden test

5.1 Measurand

The induced internal electric field level is determined by measuring the capacitive current
Icap(fn) into a standardised test head (see Figure 4 and Annex E for details). The capacitive

current is measured as a voltage ¥(f,) by a spectrum analyser or receiver through a coupling

network (see Figure 3), the voltage being a function of the frequency. This Clause 5 gives
details on the test head, the measuring instrumentation and the measuring conditions.

5.2 Supply voltage and frequency

For a.c.-operated equipment, measurements shall be carried out at mains a.c.-voBge within
+2 % of the maximum rated supply voltage. ocuments
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Equipment which can be operated from different a.c.-supply voltages and a.c.-supply
frequencies shall be measured only at one a.c.-supply voltage within +2 % of the maximum
rated supply voltage and at one a.c.-supply frequency (50 Hz or 60 Hz).

Equipment which can be operated from both (multiple) a.c.- and/or d.c. supplies shall be
measured only at one d.c.-supply voltage within £2 % of the maximum rated d.c.-supply
voltage.

5.3

Measurement frequency range

The measurement frequency range considered is from 20 kHz to 10 MHz (see Annex E).

5.4

Ambient temperature

Measurements shall be carried out in the ambient temperature range 15 °C to 25 °C.

5.5

Measurement equipment requirements

An electromagnetic interference (EMI) test receiver or spectrum analyser according to

CISPR 16-1-1 is required, with the settings given in Table 2:

Table 2 — Receiver or spectrum analyser settings

Frequency range Bg Measurement time Sstep Detector
20 kHz to 150 kHz 200 Hz 100 ms 220 Hz Peak
150 kHz to 10 MHz 9 kHz 20 ms 10 kHz Peak

B

is the 6 dB bandwidth as specified in CISPR 16-1-1.

A Van der Hoofden test head, as depicted in Figure 2, consists of a conducting sphere with an
outside diameter of D, 54 =210 mm £ 5 mm mounted on an insulated (e.g. wood, plastic)

support and connected via an ordinary wire to a protection network.
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head

Conducting sphere

—

Ordinary wire

Protection network

To measuring receiver

Insulated support

IEC

Figure 2 — The Van der Hoofden test head

An example of the protection circuit can be found in Figure 3.

Icap(y;)

From test-head

|

i
R,
2 1
V()R
c D D n 0
2
1
Housing
IEC
Example
Cq =470 pF
Co =10 nF

C3 = optional capacitor (~56 pF)
to fulfill the transfer function
requirements of Annex F

Rq1 =470 Q

Ry =150 Q

D = Schottky diode
Rp = 50 Q input of EMI receiver

Terminals 1 and 2 are to be connected to an EMI receiver or spectrum analyzer via coaxial cable
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Figure 3 — Example of a protection circuit
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The transfer function of the protection network is given by Equation (1)

g(fy)=—2Un) Ro (1)

Teap(fy) \/1+[(R0+R2)'2'Tt'fn'cz]2

The transfer function of the protection network shall not deviate more than +1 dB from the
calculated characteristic (see Annex F for calculation). The calibration of the protection
network shall be done according to the procedure described in detail in Annex F.

An overview of the measurement set-up is given in 6.4.

5.6 Measurement instrumentation uncertainty

A basic measurement instrumentation uncertainty Uy ;. is estimated to be 30 %. The actual
instrumentation uncertainty of the measurement method applied within a laboratory (U,p)
shall be calculated. The actual uncertainty shall be used for compliance evaluation of the

result (see 5.8). An example for the calculation of U, can be found in Annex G.
NOTE Guidance to assess uncertainty can be found in IEC 61786:1998 [5].

5.7 Test report

The test report shall include at least the following items:

— identification of the lighting equipment;

— specification of the measuring equipment;

— operating mode, measurement point(s) and distance(s)
— rated voltage and frequency;

— measurement result;

— applied limit set.

5.8 Evaluation of results

Compliance or non-compliance with the limit shall be determined in the following manner.

If the uncertainty calculated with the instrumentation actually used for the test (U),,) is less
than or equal to the uncertainty given in 5.6 (U 4ic) then:

— compliance is deemed if the measurement result does not exceed the applicable limit;

— non-compliance is deemed to occur if the measurement result exceeds the applicable
limit.

If the uncertainty calculated with the instrumentation used for the test (U, ) is higher than

the uncertainty given in 5.6 (Up,gic) then:

— compliance is deemed to occur if the measurement result, increased by (U3, — Upasic)
does not exceed the applicable limit.

— non-compliance is deemed to occur if the measurement result, increased by
(Ulab — Upasic), exceeds the applicable limit.

6 Measurement procedure for the Van der Hoofden test

6.1 General

| The assessment method is based on basic restrictions given in both ICNIRP-4998 2020 and
ICNIRP 2010, or in IEEE C95.1-2005. The measurement procedure used simulates the
induced internal electric field in a person near lighting equipment. The measurements are
carried out under the conditions specified in this Clause 6.
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6.2 Operating conditions

6.2.1 Operating conditions for lighting equipment

Measurements on the lighting equipment shall be carried out in operating conditions as
specified by the manufacturer.

In the case of lighting equipment where it is possible to interchange between lamps of
different rated wattage, it is only necessary to measure the lighting equipment in combination
with the lamp that has the highest nominal lamp voltage.

Prior to measurement, the lamp(s) shall be operated until stabilisation has been reached.
Unless otherwise stated by the manufacturer, the following stabilisation times shall be
observed:

— 15 min for low-pressure discharge lamps;

— 30 min for other discharge lamps.

All measurements shall be done with 100 h aged lamps.

6.2.2 Operating conditions for specific lighting equipment
Multiple lamp lighting equipment: When the lighting equipment incorporates more than one
lamp, all lamps shall be operated simultaneously.

Self-contained emergency lighting equipment: If the appliance can be connected and be
operated from the mains it shall be tested in this mode of operation. No tests are required in
the battery-operating mode.

Lighting equipment capable of light regulation shall be measured at both the minimum and
maximum limit of light regulation.

6.2.3 Operating conditions for lighting equipment with intentional radiators

The intentional radiating part of the DUT shall be disabled during the Van der Hoofden head
test unless this action renders operation of the DUT impossible.

6.3 Measurement distance

Lighting equipment is evaluated in accordance with the measurement distance given in
Table A.1 of Annex A unless otherwise specified by the manufacturer where a limitation of use
is specified in the installation instructions. The external surface of the test head is taken as
the reference point when determining the measurement distance. See Figures B.1 to B.10 in
Annex B. Tolerances of the measurement distances are +5 %.

6.4 Measurement set-up

6.4.1 General

The measurement set-up is given in Figure 4.
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Position and distance
of DUT according to
Annexes A and B
Conducting
sphere
T A A
Ordinary
wire 0,3m=0,03m
A 4
20,8m Protection
network EMI receiver
> or
50 Q coaxial cable spectrum analyser
Insulated
support
—Yv Ei—
Van der Hoofden
test-head

IEC

Key

DUT device under test.

Figure 4 — Measurement set-up

If the lighting equipment is provided with an earthing terminal, the lighting equipment shall be
connected by means of an earth conductor contained in the power cable to the lighting
equipment.

The EMI receiver or spectrum analyser shall be powered by mains including protective earth.

During the tests no conductive plane or object or human being should be closer to the lighting
equipment than 0,8 m.

The height of the insulated support is minimum 0,8 m. The conducting sphere is connected to
the protection network via an ordinary wire of length 30 cm + 3 cm. The protection network is
then connected to the EMI receiver, or spectrum analyser, by a 50 Q coaxial cable having a
maximum cable loss of 0,2 dB and a d.c. resistance of <10 Q.

6.4.2 Measurement set-up for specific lighting equipment

6.4.2.1 Self-ballasted lamps

These lamps shall be inserted directly into a lamp holder, which is mounted on a piece of
insulating material. The measurement test head is positioned at the measurement distance as
specified in Table A.1 from the end of the lamp.

6.4.2.2 Independent electronic controlgear

Independent electronic controlgear shall be mounted on a piece of insulating material together
with a suitable lamp of the maximum permitted power. The load cable(s) between the
controlgear and the lighting equipment shall be 0,8 m with a relative tolerance of 20 % unless
otherwise specified by the manufacturer. The configuration of controlgear, lighting equipment
and cable(s) shall be measured in accordance with Figure B.9.

6.5 Location of measurement test head

The measurement locations of the test head shall be selected in accordance with the following
criteria.
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Measurements shall only be performed in a direction consistent with that of the likely
exposure of the general public during normal use.

The general principles for the location of the conducting sphere of the test head with respect
to the device under test (DUT) is outlined in more detail in the Figures B.1 to B.3 of Annex B.

In the case of lighting equipment incorporating double capped fluorescent lamps greater than
30 cm, the test head is positioned as shown in Figure B.2. The measurement procedure is
repeated for both ends of the lamp, and in the case of multiple-lamp lighting equipment, each
lamp is measured in-turn.

In the case of lighting equipment for other lamps, the test head is positioned at the
appropriate measurement distance as specified in Table A.1, central to the point of intended
illumination.

For those lighting equipment where a central point of illumination cannot be determined, or
where the direction of illumination is not in the direction of the general public during normal
use, for example an up light, a measurement point is selected at the appropriate test distance
from the lighting equipment around its perimeter. More than one measurement point may be
selected to confirm the performance of the lighting equipment.

Figures B.4 to B.10 give examples of the location of the measurement point(s) for typical
lighting equipment.

6.6 Calculation of the results

The measurement results are calculated in accordance with Annex E.

7 Assessment procedure intentional radiators

7.1 General

Figure 5 shows the options for the compliance demonstration of the intentional radiating part
of the lighting equipment. This Clause 7 gives further guidance on these different options.

7.2 Low-power exclusion method
7.2.1 General

The first option for compliance demonstration of the intentional radiating part of lighting
equipment is based on determination of the total average radiated power of the intentional
radiator. This so called low-power exclusion approach is specified in IEC 62479. In this
approach, low-power exclusion levels are specified. If the actual total averaged (6 min) power
Pintrag at the input of an intentional transmitter is below the exclusion level P ,,, then the

product complies by design without further testing if the following relation is fulfilled:

Pint,rad < Pmax (2)

See Clause 1.4 for further information on the low-power exclusion approach.

7.2.2 Determination of the total radiated power
Generally, the total radiated power R .4 can be determined from design specifications of the
intentional radiators that are applied. When determining the value of B .4 one has to take

care of the way how the power is specified. Also, in case of pulsed power, the duty cycle of
the transmitted signal has to be incorporated, because the 6 min average has to be
determined. Annex | gives further guidance on how to determine B ,q-

7.2.3 Determination of the low-power exclusion level

The basic EMF standard IEC 62479 gives low-power exclusion levels By based on the

various basic restrictions that apply and the various categories of exposed humans (general

public, occupational). See Table A.1 of IEC 62479:2010. For instance for ICNIRP-4898 2020, |

general public exposure, the worst case low-power exclusion level is 20 mW foghead and

trunk. However, in practice much larger exclusion levels By, are obtained hec quments
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minimum exposure distance of certain lighting equipment, and due to properties of the applied
antennas. Subclause 1.4.3 gives more guidance on determination of the low-power exclusion
levels Fpax -

7.2.4 Summation of multiple transmitters

In case of lighting equipment with multiple intentional radiators, the contributions from the
individual intentional transmitters are to be added. The way of summation depends on
whether RF-signals of the individual transmitters are correlated or not. Clause 1.5 gives more
guidance on the summation method and its compliance criterion.

7.3  Application of the EMF product standard for body worn-equipment

In case, the low-power exclusion level criterion is not met (7.2), and if the exposure distance
between the intentional radiating part of the lighting equipment and the exposed person is
less or equal than 0,05 m, then the specific EMF product standard IEC 62209-2 for body-worn
equipment shall be applied for compliance demonstration.

7.4 Application of the EMF product standard for base stations

In case, the low-power exclusion level criterion is not met (7.2), and if the intentional radiating
part of the lighting equipment is a base station, then the specific EMF product standard
IEC 62232 for base-station shall be applied for compliance demonstration using the applicable
assessment distance and limits.

7.5 Application of another EMF standard

In case, the low-power exclusion level criterion is not met (7.2), and if the intentional radiating
part cannot be considered as body-worn equipment (7.3) or as a base station (7.4), then
possibly another EMF product standard may be applied or alternatively the generic EMF
standard IEC 62311 shall be applied for compliance demonstration using the applicable
assessment distance and limits.

Documents

Document Sharing Hub

Full document details: IEC 62493-2022


http://avadocuments2026.com/doc/iec-62493-2022
http://avadocuments2026.com/doc/iec-62493-2022

IEC 62493:2015+AMD1:2022 CSV - 23 -
© IEC 2022

START

Determine total intentionally
radiated power Pjn; oq and the
low-power exclusion level P,

of the equipment (7.2) in
accordance with the low-power
EMF standard IEC 62479

Is Pint rad less than the

) YES The intentional radiator
low-power exclusion level 7. ? complies without further
(see low-power EMF testing
standard IEC 62479)
NO
Is the assessment distance of : : :
the lighting equipment 5 cm YES Apply the EMF product The intentional radiator.
standard for body-worn complies if IEC 62209-02 is
(hand lamp; see Table equipment IEC 62209-2 complied with
A 1o
NO
Apply the EMF product
Is the intentional YES (IEC 62232) for base The intentional radiator
radiator a base stations using the applicable complies if IEC 62232 is
station? assessment distance complied with
and limits
NO
Apply another EMF product The intentional radiator
standard or alternatively complies if the applicable
apply the generic EMF EMF product or the generic
standard IEC 62311 using standard IEC 62311 is
the applicable assessment complied with
distance and limits
IEC
Figure 5 — Compliance demonstration procedure for
the intentional-transmitter part of the lighting equipment
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Annex A
(normative)

Measurement distances

The measurement distances in Table A.1 have been defined, based upon the expected
location of the general public during normal operation.

Table A.1 — Lighting equipment and measurement distances

Type of lighting equipment ° Measurement
distance
cm
Hand lamps 2 54
Table lighting equipment 30
Wall lighting equipment 50
Up lighter 50
Suspended lighting equipment 50
Ceiling and/or recessed lighting equipment for fluorescent lamps with an input power® < 180 W 50
Ceiling and/or recessed lighting equipment for fluorescent lamps with an input power® > 180 W 70
Ceiling and/or recessed lighting equipment for discharge lamps with an input power® < 180 W 70
Ceiling and/or recessed lighting equipment for discharge lamps with an input power® > 180 W 100
Portable lighting equipment 50
Flood lights 200
Lighting equipment for road and street lighting 200
Lighting chains 50
Lighting equipment for swimming-pools and similar applications 50
Lighting equipment for stage lighting, television and film studios (outdoor and indoor) 100
Lighting equipment for use in clinical areas of hospitals and health care buildings 50
Ground recessed lighting equipment 50
Aquarium lighting equipment 50
Plug- in night lights 50
Self-ballasted lamps 30
UV and IR radiation equipment 50
Transport lighting (installed in the passenger compartment of buses and trains) 50
Other lighting equipment not mentioned in this table 50
8 Measurement distance should be 30 cm and the measured value should be calculated to a distance of 5 cm
(equation: 1/r3).
b Total nominal power of the lighting equipment.
¢ If LE (lighting equipment) falls into more than one category, then the category with the shortest measurement
distance applies.
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Annex B
(informative)

Location of measurement test head

The Figures B.1 through B.10 in this annex contain arrangements (position, orientations) of
the Van der Hoofden test head with respect to the lighting equipment under test. See also 6.4
and 6.5 for detailed specifications of the measurement arrangements.

Measurement distance
as defined in 122BTable
A1

Lighting equipment
under test

___________ Test-head positioned
at measurement point
in accordance
with 6.5.

IEC

This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with double capped fluorescent lamp(s).

Figure B.1 — Location of measurement point in the transverse direction of lighting
equipment — side view

1
! 1
N 1
! ' | ! Measurement
115 cmt ! 115 cmy distance as defined
End of —p ! —p! in Table A.1
lamp ' \ i i '
| | |
__________________ SRR R A
‘ ' 1 ‘ '
1
1
Measulrement Measurement
point 1 point 2

IEC

This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with double capped fluorescent lamp(s)

Figure B.2 — Location of measurement points in the longitude direction
of lighting equipment — side view
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Measurement Measurement
point 1 point 2

Measurement distance as

defined in Table A.1
IEC

This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with double capped fluorescent lamp(s)

Figure B.3 — Location of measurement points in the longitude direction of lighting
equipment; in the direction of illumination

: Measurement distance
Single capped as defined in Table

lamp

Measurement point

IEC

This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with single capped fluorescent lamp(s)

Figure B.4 — Location of measurement point for lighting equipment with
rotationally symmetrical dimensions
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Measurement point in the centre of
the luminaire at a measurement
Single capped distance as defined in Table A.1
lamp(s)

IEC

This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with single capped fluorescent lamp(s) or other single capped lamp(s)

Figure B.5 — Location of measurement point for lighting equipment
with rotationally symmetrical dimensions; in the direction of illumination

Single capped

lamp Measurement point in the centre of

\ the luminaire at a measurement
\LI distance as defined in 122BTable A.1

1 IEC
This applies to recessed, surface or pole mounted lighting equipment.
NOTE Examples include luminaires with single or capped lamp(s)
Figure B.6 — Location of measurement point for lighting equipment
with the same dimensions in the x- and y- axis
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a8 Additional measurement points may be applied around the perimeter of the lighting equipment.

Lamp housing connected to
control gear via cable harness

i
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| View from above
2 |
1
- 1 ~
1
e !
; !
s !
7 1
7 1
7
1
'I
I
_____ O ——mm e -
1
1
1
]
1
1
1
1
1
. |
' .-
e
1
1
1
1
1
Location of
measurement point
IEC
Figure B.7 — Location of measurement point(s) for
lighting equipment with single capped lamp (360° illumination)
Control gear housed
in remote box
| /
|
Measurement distance
as defined in 122BTable
A A
Location of measurement points:
1. central to the point of illumination
2. at a distance mid-way along the cable harness
IEC
Figure B.8 — Location of measurement points for lighting
equipment with a remote controlgear
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Control gear and lamp(s)
mounted on an
Lamp connected to control gear insulating support
via 0,8 m?@ cable harness

/<

' |
1 >

\ Independent

Measurement distance electronic converter
as defined in

1
1
\ Location of measurement point at a distance

midway along the cable harness

IEC
a8 Length of cable 0,8 m unless defined otherwise in manufacturer's installation instructions.
Figure B.9 — Location of measurement point
for an independent electronic converter
Measurement distance as
defined in 122BTable A.1
—
1
1
1
1
1
1
1
1
1
Location of
measurement
point?
| |
{ 1
- f T TTTTTTTTo h CART
1 1 s
¢ N e
! !
Measurement distance
as defined in 122BTable
a) Floor standing uplighter b) Suspended uplighter
IEC

a8 In the case of linear fluorescent lamps, the test-head is located perpendicular to the lamp(s) 15 cm from the
end of the lamp(s), as depicted in Figure B.2.

Figure B.10 — Location of measurement point(s)
for an uplighter (floor standing/suspended)
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Annex C
(informative)

Exposure limits

C.1 General

The exposure limits given in this informative annex (see [1], [2], [3] and [4]) are for information
only, do not comprise an exhaustive list and are valid only in certain regions of the world. It is the
responsibility of users of this standard to ensure that they use the current version of the limit
values specified by the applicable national authorities.

C.2 ICNIRP basic restrictions

Cc.21 ICNIRP-1998 Basic restrictions - SAR
Table C.1 provides the basic restrictions (SAR) for general public exposure to time varying
electric and magnetic fields for frequencies between 100 kHz and-406 300 GHz (see [1]):

Table C.1 — Basic restrictions for general public exposure to time varying
electric and magnetic fields for frequencies between 100 kHz and-19 300 GHz

Frequency range Average SAR (whole Localised SAR Localised SAR
body) (head and trunk) (limbs)
W/kg Wikg Wikg
100 kHz to-10 6 GHz 0,08 2 4
> 6 GHz to 300 GHz 0,08 NA2 NA2
2 NA signifies "not applicable" and does not need to be taken into account when determining compliance.

C.2.2 ICNIRP-2010 Basic restrictions — Internal electric field
Table C.2 provides the basic restrictions for general public exposure to time varying electric
and magnetic fields for frequencies up to 10 MHz (see [1], [2]):

Table C.2 — Basic restrictions for general public exposure to time
varying electric and magnetic fields for frequencies up to 10 MHz

Exposure characteristic Frequency range Internal electric field
Vim
CNS tissue of the head 1 Hz to 10 Hz 0,1/f
10 Hz to 25 Hz 0,01
25 Hz to 25 Hz to-4-000Hz 1 kHz 4 x 1074
4-000-Hz 1 kHz to 3 kHz 0,4
3 kHz to 10 MHz 1,35 x1074f
All other tissues-of- the (head and 1 Hz to 3 kHz 0,4
body) 3 kHz to 10 MHz 1,35 x 1074f
fis the frequency in Hz.
All values are-+m-s RMS.

Cc.2.3
2010

Changes introduced by ICNIRP 2020 with respect to ICNIRP 1998 and ICNIRP

Changes for the basic restrictions (SAR) from ICNIRP 1998 to ICNIRP 2020 have been made
by (i) extending the considered spectrum up to 100 GHz, while (ii) between 100ﬁ8€[ﬁﬁents
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GHz limits remain unchanged and (iii) for frequencies above 6 GHz it has been found that
they do not need to be taken into account when determining compliance.

For the basic restrictions (internal electric field) ICNIRP 2010 remains applicable for
frequencies below 100 kHz, while those above have been replaced by ICNIRP 2020. In
ICNIRP 2020 up to 10 MHz a general limit of 1,35 x 10™% x f is applicable, without
differentiation between central nervous system (CNS) tissue of the head and other.

As a result, products found compliant with the basic restrictions of ICNIRP 1998 and ICNIRP
2010 are compliant with the basic restrictions of ICNIRP 2020, given that no changes have
been introduced in the lighting equipment relevant frequency ranges (SAR: 20 kHz to 10 MHz
and 100 kHz to 300 MHz for the internal electric field).

C.3 IEEE

Table C.3 provides the IEEE basic restrictions (BR) for the general public between 0 Hz and
3 kHz (see [4]) and Table C.4 provides the IEEE Basic Restrictions (BR) between 100 kHz
and 3 GHz for the general public (see [3]).

Table C.3 — IEEE basic restrictions (BR) for the general public

Action | |a Persons in controlled
ction leve environments
Fe
Exposed tissue H E, r.m.s. Vim E, r.m.s. Vim
z
Brain 20 5,89 x 1073 1,77 x 1072
Heart 167 0,943 0,943
Extremities 3 350 2,10 2,10
Other tissues 3 350 0,701 2,10

E, is the rheobase in situ field. £, is the frequency parameter.

a8  Within this frequency range the term “action level” is equivalent to the term “general public” in IEEE Std
C95.6-2002.

NOTE Entries in Table C.3 and elsewhere in this standard are sometimes given to three significant digits. This
degree of precision is provided so that the reader can follow the various derivations and relationships presented in
this standard, and does not imply that the numerical quantities are known to that precision.

Table C.4 — IEEE basic restrictions (BR) between
100 kHz and 3 GHz for the general public

Action level® SARP Persons in controlled

environments SAR®
Wikg Wikg
Whole-body exposure | Whole-Body Average (WBA) 0,08 0,4
Localized exposure Localized (peak spatial-average) 2¢ 10°
Localized exposure Extremitiesd and pinnae 4¢ 20°¢

2  BR for the general public when an RF safety program is unavailable.

b SAR is averaged over the appropriate averaging times.

¢ Averaged over any 10 g of tissue (defined as a tissue volume in the shape of a cube —the volume of the cube
is approximately 10 cm3).

The extremities are the arms and legs distal from the elbows and knees, respectively.
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Annex D
(informative)

Rationale measurement and assessment method

D.1 General

The ICNIRP and IEEE based exposure compliance measurement and assessment method,
given in this annex (see Figure D.1), consists of an evaluation of the internal electric field
(see Clause D.2) and the thermal effects (see Clause D.3). The assessment in this annex is
based on the case that the equipment does not include intentional radiators and that the
unintended EM-emissions of the equipment complies with the electromagnetic compatibility
(EMC) requirements that apply for lighting equipment. As a typical example, the International
IEC Standard for EM-disturbances of lighting equipment (CISPR 15) has been applied in this
annex. However, a similar assessment may be performed using other EMC emission
standards. Note that although calculations given in this annex are based on CISPR 15 limits,
even exceeding these limits by significant margin is unlikely to cause an EMF safety risk.

In case the lighting equipment includes intentional radiators, then an additional compliance
criterion applies. See Annex | and Clause 7 for details.

Measurement and assessment
method (Annex D)

Internal electric field Thermal effects
(See Clause D.2) (See Clause D.3)
I [
[ | [ 1
Internal electric field Internal electric field 100 kHz to 30 MHz 30 MHz to 300 MHz
due to magnetic field due to electric field contribution contribution
(D.2.2) (D.2.3) (D.3.2) (D.3.3)
f~main 20 kHz to10 MHz f~main 20 kHz to 10 MHz
contribution contribution contribution contribution

(D.2.2.2) (D.2.2.3) (D.2.3.2) (D.2.3.3)

IEC

Figure D.1 — Overview measurement and assessment method
D.2 Induced internal electric field

D.2.1 General

Based on the basic restrictions, the induced internal electric field in a (dummy) person shall
meet the requirement of Equation (D.1):

1OMHZMS1 (D1)
fi =1Hz ELim(fi)

where

E(f,d) s the induced internal electric field at frequency y, and at a measurement distance d
according to Annex A;

ELim(f;) is the internal electric field density basic restriction at frequency f, of Table C.1.

The induced electric field in the (dummy) person can be caused by:

e eddy currents in the (dummy) person due to the magnetic field of lighting equipgent under
test, as described in D.2.2. Pdcliients
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e capacitive currents from lighting equipment under test to the (dummy) person due to the
electric field, as described in D.2.3.

So Equation (D.1) can be rewritten as:

1%2 Eeddy(fi’d) n 1%{2 Ecap(fi’d) <1

— < (D.2)
fi=1Hz ELim (fl ) fi=Hz ELim (f, )

where

Eeddy (f;,d) isthe induced internal electric field due to the external magnetic field at
frequency f; and at a distance d according to Annex A;

Ecap(ﬁ,d) is the induced internal electric field due to the external electric field at
frequency f and at a distance d according to Annex A

The frequencies for the power converters in the lighting equipment are higher than 20 kHz in
order to avoid audible noise and infrared interference. With this knowledge Equation (D.2) can
be rewritten as:

S Loty i) R Feaoy o) R By (11d) | R Eeaplfnd) g )

fi=1Hz ELim (fl ) f;=20kHz ELim (f, ) Jfi=1Hz ELim (f, ) f;=20kHz ELim (fl ) -

The mains frequency of 50 Hz or 60 Hz is the only relevant frequency component in the
frequency area of 1 Hz to 20 kHz. Therefore Equation (D.3) can be rewritten as:

Eeddy(fmain31d) n 100z Eeddy(fiad) n Ecap(fmain37d) n 100tz Ecap(fzﬁd)
Eiim(fmains) - S5k, ELim(/7) Epim(fmains) . 9ok ELim(fi)

<1 (D.4)

N Y, N Y,
" V"
(D.4.a) (D.4.b) (D.4.c) (D.4.d)

The following subclauses D.2.2 and D.2.3 indicate how much each subpart of Equation (D.4)
contributes.
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D.2.2 Induced electric field due to the magnetic field; Eqqq4y(f;:d00p)

D.2.2.1 General

Lighting equipment

IEC

Figure D.2 — Distances of the head, loop and measurement set-up

The induced voltage in a loop in the head (see Figure D.2) due to the magnetic field can be
calculated by Equation (D.5)

L

Vind (fi’dloop ) =

4'Dliop'2'n'fi'B(f;"dloop) (D.5)

where

Vind(fi»dio0p) s the induced voltage in a loop in the head at frequency f; and at a distance

dioop ;
d,oop is the diameter of the loop in the head;
B(fi:dioop ) is the magnetic B-field at frequency f; and at a distance djoqp .

The induced current in the loop of the head due to the magnetic field can be calculated by
Equation (D.6)

Vind(fi:d1o0p) (D.6)
”'Dloop

4-0(f;)

Ieddy (fz‘7dloop )=

where
]eddy(fndmop) is the induced current in a loop of the head due to the magnetic field at
frequency f; and at a distance djoqp ;

A is the “wired” area of the loop in the head;
o(f;) is the conductivity of the loop in the head at frequency f;.

Subsequently, the current density in the loop of the head due to the magnetic field, at a
certain frequency f; and distance ¢ , can be calculated by Equation (D.7
q y fi loop y EQ (D.7) Documents
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Ieddy(fi!dloop) _ Dioop ~o(fi) m- fi 'B(fi’dloop)

. (D.7)

Jeddy(fi ) dloop )= y
loop

The internal induced electric field can be determined using the relation
Jeddy(fi’dloop): O-(fi)'E(f;‘!dloop) (D.8)
Finally, this gives the following expression for the internal electric field:

Dloop 7Z-fz 'B(f;"dloop)
2

Eeddy(fi’dloop)= (Dg)

D.2.2.2 The fains CONtribution of the induced current density due to the magnetic
field

The measured B-field at the mains frequency and at a distance 4= 0,3 m from the lighting
equipment is approximately 60 nT. With Do, = Dpeag = 0,21 m the following data can be

calculated (see Table D.1):

Table D.1 — Induced internal electric field calculations

Eeddy(fi,d) at E (f)atf, Eeddy (f; ’ d)
_ ) = LimYi a mains T N
fi :malns Jmains and dz 0,3m mA/m? ELim (f’)
z nA/m at
Jfinains @nd d = 0,3 m
50 0,99 0,02 49 x 106
60 1,2 0 024 49 x 108

Both the electric field limit and the induced electric field increase proportional with frequency
(in this frequency range), therefore the relation in Table D.1 is constant.

It can be concluded that the induced electric field contribution in the head due to the magnetic
field at the mains frequency and a measurement distance of 4 = 0,3 m can be neglected.

D.2.2.3 The 20 kHz to 10 MHz contribution of the induced electric field due to the
magnetic field

The worst-case contribution of the electric field induced in the head due to the magnetic field
in the frequency area from 20 kHz to 10 MHz and at a measurement distance 4 can be
determined by using for instance the maximum possible level of radiated magnetic emissions
of CISPR 15 [9]. According to CISPR 15 the maximum current induced by lighting equipment
at the frequency f; in the 2 m large loop antenna (LLA) is given by Figure D.3.
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Radiated magnetic emissions (CISPR 15)
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IEC
Figure D.3 — Maximum current in the 2 m LLA as function of the frequency

The maximum current at the frequency f; in the 2 m LLA of Figure D.3 can be converted to
the maximum B-field at the frequency f; and at an arbitrary distance d.

The conversion can be explained as follows:

A virtual magnetic dipole with area Aypoe located at the centre of the 2 m LLA has a mutual
inductance to the 2 m LLA of:

_ Mo - Adipole
Dy

M (D.10)

where
M is the mutual inductance between the virtual magnetic dipole and the 2 m LLA;

Agipole s the area of the virtual magnetic dipole;

Dyia is the diameter of the 2 m LLA and equals 2 m.
The virtual magnetic dipole moment is  /gipole( /i) 4dipole

where lgipoe(f;) is @ virtual current at frequency f; in the virtual magnetic dipole.

The induced voltage in the LLA is:

Vind(fi) =27 fi - M - Igipole (/;) (D.11)

The current in the LLA is:

Vind(f7) _Ho- Ldipote (/i) - Adipole

I L) =
LLa(f;) 2n-f-La LiaDLia

(D.12)

where ;| o is the inductance of the 2 m LLA and equals 9,65 uH
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So, from the limit set to the current in the LLA, the virtual magnetic dipole moment
Igipole(fi) - Adipole Can be calculated. From this virtual magnetic dipole moment the H-field

strength in the direction where it is maxima can be calculated. The calculations are made up
to 10 MHz, so the smallest wavelength is 30 m and the transition between near field and far
field is at 30/2 = = 4,8 m. For EMF we are interested in the induced current density at a

smaller distance, so all calculations are based on the near field condition where H zl/a’3 .The
maximum field strength at distance djo, can be expressed as:

Idipole (fz ) . Adipole

3
2-m-digop

H(f;,dioop) = (D.13)

where digop =d +(Dhead/2) -

From this the maximum B-field at the frequency f and an arbitrary distance dqoq, is defined
as:

Tua(i) - Lua - Dua

3
2'Tt'd|00p

B(fi»dioop) = (D.14)

In the worst case the B-fields in the x-, y- and z-direction all meet this maximum value. The
resulting B-field can be calculated by Equation (D.13):

Iua(fs) Lia - Dua V3

B(f; dioop) =

i»Hloop 2‘n‘d|§>op (D.15)

Equation (D.7) can now be rewritten in Equation (D.16):
ooy gy =200 TN T I Tua() Lon a3 (D.16)

O dloop
Or expressed in terms of internal electric field:
Dioop "7 fi 1 ). . 3
Fagay s dioop) = 22 i 1ua(fi) - Loa 3Q_l_A (D.17)
2 z.ﬂ.dloop
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Figure D.4 — Induced internal electric field and associated limit levels
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The worst-case contribution of the electric field in the head due to the magnetic field in the
frequency area from 20 kHz to 10 MHz and at a distance d = 0,3 m can now be calculated by
summing all the harmonics arising from the disturbance source inside the lighting equipment.

Figure D.4 depicts both the electric field limit and the induced electric field for this specific
case. For a switched-mode power supply with a fundamental switching frequency of 20 kHz
only the odd harmonics contribute. In this case:

10%—12 Eeddy (f; ’ dloop )
oot Eim ()

This contribution is relatively small, and a similar small contribution may be expected if other
EMC emission standards (other than CISPR 15) are taken as reference. Moreover, in this
assessment a very conservative approach is taken, i.e. the unintended emission is present
over the whole frequency range under consideration, and the emission-level is right at the
limit at all these frequencies. This is very unlikely; in practice the unintended emission levels
are near the limit only for a limited frequency range or even for just a few discrete spectral
components. Furthermore, it should be noted that a worst case way of summation is applied,
because possible phase relationships which are present in the case of harmonics are not
taken into account. Figure D.5 shows as an example how the result of a magnetic field test
using the LLA may look like.

and < 0,02

EUT orientation: — Z MAGNETIC EMISSIONS PRESCAN; QP MAXIMISED

100,0 3
90,0 %
80,0 3 * Quasi peak
70,03 — AA limit QP
60,0 § I
50,0 %
40,0 3
30,01
20,0 1
10,0 3 .

o \

~100; # W%W
-30,0 !

1,00 K 10,00 K 100,00 K 1,00 M 10,00 M 100,00 M
Frequency (MHz)

— Prescan result

Currentinto 2 m LLA (dBpA)

IEC

Figure D.5 — Example of magnetic-field test result using the LLA

Conclusion:

If lighting equipment complies with CISPR 15, the contribution from the magnetic field
emission limit measured through the LLA is negligible, and Equation (D.4) can be simplified in
Equation (D.18):
Ecap(fmains’d)+ 10k Ecap(fi’d)<1
ELim (fmains) f;=20kHz ELim(f;')

D.2.3 Induced electric field due to the electric field; E ,,(f;,d)
D.2.3.1 General

The contribution of the electric field to the induced electric field in the head is measured by
using a dummy person near the lighting equipment at a measurement distance d; according
to Table A.1 and a position according to Annex B. The dummy person used is the
homogenous body model as described in Figure C.3 of IEC 62311:2007. Documents
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It is assumed that the head of the dummy person is closest to the lighting equipment and the
maximum current density (and thus electric field level) occurs in the neck. Therefore only the

head (a metalized sphere with an outside diameter of Dygaqg = 210 mm £ 5 mm) is used as a

“‘current test head”. The diameter of the neck D,gcx = 110 mm, is used in the calculations of

the internal electric field. Details of the “current-test-head” called “Van der Hoofden test head

can be found in 5.5.

NOTE The current density in the neck is homogenous since the skin effect up to 10 MHz can be neglected.

D.2.3.2 The fains CONtribution of the induced internal electric field due to the
electric field

The contribution of the mains to the induced internal electric field will be calculated based on
the following worst-case construction: Lighting equipment is a large plate at Vs With

respect to ground (see Figure D.4).

Lighting equipment

neck
IEC

Figure D.6 — Distances of the head and measurement set-up

The parasitic capacitance between a large plate and a sphere can be calculated with the
formulas from W.R. Smythe [5] (for the configuration see Figure D.6):

2
~ 2-d
a =cosh™ 2-(1+D —1 (D.19)
head
Dfad N 1
C =2.11-8n - ——N€A4___ ginh - Li i, < D.20
Sphere_plate -t 2-d + Dheag () Nznw’; sinh(n - a) { :

In most practical situations N = 50 is sufficient.

With d = 0,3 m: Csphere_plate = 3 PF (see Figure D.7).
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Figure D.7 — Plot of Equation (D.20)

The current density in the neck, caused by the mains can be calculated by Equation (D.21).

u.. 2 f -C
Jcap (fmains’d) - e T e - 661 106 .Umains 'fmains ’ C (D'21)
2
Z'Dneck
The resulting internal E-field in the neck can be calculated using Equation (D.8):
Ecap(fmain51d) = 661'106 'O'(fmains)'Umains 'ﬁ'nains -C (D-22)

Equation (D.22) is calculated using G(fmains)= 0,09 and different mains frequencies and
mains voltages. The results are given in Table D.2.

Table D.2 — Calculation main contributions

Umains fmains Ecap(fmains’d) ELim(fmains) Ecap (fmains , d)
v Hz atf, ... and mA/m? I —
d=0,3m ELim (fmains )
uA/m? atf, ... and
d=0,3m
230 50 0,25 0,02 0,013
120 60 0,16 0,024 0,007
277 60 0,37 0,024 0,015

The calculation results, as depicted in the last column of Table D.2, show that the contribution
of the mains can be neglected and Equation (D.18) can be simplified as:

10MHz | d
cap (S5 ) <1
sz B ()

The left term of this Equation (D.23) is equal to the factor F, see 3.1.4 and Equatiol@guments

(D.23)
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D.2.3.3 The 20 kHz to 10 MHz contribution of the internal electric field due to the
electric field

The contribution of the electric field to the internal electric field in the head in the frequency
range 20 kHz to 10 MHz has to be measured with an EMI-receiver according to Figure 3 and
Equation (D.23).

The frequency step of the summation is determined by using CISPR 16-1-1. According to
CISPR 16-1-1, the IF-filter of the receiver has the transfer function of Equation (D.24):

2
) 2
H(f):= 5 (D.24)
1+(1+j-i-2\5}
Bg
The modulus of Equation (D.24) is expressed by Equation (D.25).
_ 1
|H(f)| N (D.25)
2
1+ _f
BG
The frequency step for the amplitude addition is defined by Equation (D.26):
fstep_ampl = I|H(f)| -df (D.26)

Solving Equation (D.26) results in a frequency step for the amplitude addition that equals 1,11
times Bg, see Table D.3.

Table D.3 - Frequency steps for the amplitude addition that equals 1,11 times Bg

Frequency range Bg according to CISPR 16-1-1 fstep_ampl
20 kHz to 150 kHz 200 Hz 220 Hz
150 kHz to 10 MHz 9 kHz 10 kHz
Equation (D.23) can be rewritten as:
150kHz 10MH
3 Ecap(fi,a’)Jr Zz Ecap(f,.,d)<1
- D.27
/i=20kHz ELim (fz ) /i=150kHz ELim (fl) ( )

Step=220Hz Step=10kHz

A practical measurement and assessment method to evaluate Equation (D.27) is given in
Annex E.

D.3 Thermal effects from 100 kHz to 300 GHz

D.3.1 General

The thermal effects are deemed to comply if the power of radiated emissions is < 20 mW
according to IEC 62479. In this Clause D.3 it will be shown that the power of the radiated
emissions is much less than the 20 mW low-power limit from IEC 62479 for any lighting
equipment that complies with international EMC standards such as CISPR 15. As an example,
in this subclause, the contribution to the thermal effects will be calculated using the . CISPR 15

emission limits. ocuments
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The proof that the radiated power is <20 mW starts with Equation (D.28):

300 MHz 30 MHz 300 MHz
Fadmax = ZPrad max (/i) = Z Raq, max ( ZPrad max (/7) (D.28)
100 kHz 100 kHz 30 MHz

The frequency step of the summation is determined by using CISPR 16-1-1 as explained in
D.2.3.3.

The frequency step for the power addition can be defined by Equation (D.29):

fstep_power = J.|H(f)|2 df (D.29)

Solving Equation (D.29) results in a frequency step for the power addition that equals 0,833
times Bg, see Table D.4.

Table D.4 - Frequency steps for the power addition that equals 0,833 times By

Frequency range Bg according to CISPR 16-1-1 fstep_power
100 kHz to 150 kHz 200 Hz 167 Hz
150 kHz to 30 MHz 9 kHz 7,5 kHz
30 MHz to 300 MHz 120 kHz 100 kHz

D.3.2 The 100 kHz to 30 MHz contribution to the thermal effects

The maximum terminal voltage (TV) of the conducted emission is set by CISPR 15. The
radiated emission is maximum if this TV is caused by common-mode-current only and if the
mains cord acts as a half wavelength dipole at any frequency. From a half wavelength dipole
it is known that the impedance for radiation is 73 Q. From this the maximum radiated power in
this frequency range can be calculated by using Equation (D.30).

30 MHz

100 kHz to 30 MHz) = Zl (D.30)

100 kHz

rad max (

where
Fradmax (100 kHz to 30 MHz) is the maximum radiated power [W] between 100 kHz to 30 MHz;

1..(f) is the common mode current [A] at frequency f;.

By using Kirchhof’s law, Equation (D.30) can be rewritten as:

2 2
150 kHz - (r 30 MH:z (r
Pragme (100 KHZ 0 30 MHZ) = 3 DimUa) | 4y Diim(/i) | .
£;=100 kHz 5% £;=150 kHz 5%
Step=167 Hz Step=7,5kHz
(D.31)
with

Ilm(f ) is the terminal voltage limits according to CISPR 15 at frequency f;.

Solving Equation (D.31) results in:
Documents

Document Sharing Hub

Full document details: IEC 62493-2022


http://avadocuments2026.com/doc/iec-62493-2022
http://avadocuments2026.com/doc/iec-62493-2022

— 44 — IEC 62493:2015+AMD1:2022 CSV
© IEC 2022

Pog e (100kHZ to 30MHz) < 598 [mW |

This contribution is relatively small, and a similar small contribution may be expected if other
EMC emission standards (other than CISPR 15) are taken as reference. It should be noted
also that the model in this calculation is very conservative, as it assumes that the DUT and
the mains cable behave as a half-wave dipole antenna at all frequencies between 100 kHz
and 30 MHz. In reality, the DUT plus the cable is a very inefficient antenna with a radiation
resistance that is much less than the radiation resistance from a matched half-wave dipole
(see for instance Balanis [8] for the radiation resistance of small dipole antennas). Moreover,
in this assessment a very conservative approach is taken, i.e. the unintended emission is
present over the whole frequency range under consideration, and the emission-level is right at
the limit at all these frequencies. This is very unlikely; in practice the unintended emission
levels are near the limit only for a limited frequency range or even for just a few discrete
spectral components. Also, it should be noted that a worst case way of summation is applied,
because possible phase relationships which are present in the case of harmonics are not
taken into account. Figure D.8 shows as an example on how the result of a conducted
emission test may look like in practice.

120
110 1
100
90
80

70
CISPR15 QP Mains
60 R E——

MCISPR% AV Mains
T I T |

Level (dBuV)

50

[T
40 i
30
20

10

0

9k 20 30 50 100k 200300 500 1M 2M3M 5M 10M 20 30M

Frequency (Hz) IEC

Figure D.8 — Example of the CM-current measured using a conducted emission test
Conclusion:
The thermal contribution B4 max(100kHz to 30MHz)~0 and can therefore be neglected.

D.3.3 The 30 MHz to 300 MHz contribution to the thermal effects

If, for example the lighting equipment complies with the radiated emissions requirements
according to CISPR 15, then in the worst case, at any frequency the lighting equipment
radiates as a half wave dipole. The maximum radiated power in the main direction of the field
is given by Equation (D.32):
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300 MHz B (for)
Pradmax (30 MHz to 300 MHz) = z M)Z (D.32)
f; =30 MHz ’
Step=100 kHz
where

Ejim(f;57)  is the limit of the E-field [V/m] at frequency f;.
According to CISPR 15 the field strength limits are given in Table D.5:

Table D.5 - Field strength limits according to CISPR 15

Frequency range E;n. Eim r
MHz dBuV/m puV/im m

30 to 230 30 31,6 10
230 to 1 000 37 70,8 10

Solving Equation (D.32) results in:
Pog max (30 MHZ to 300 MHz) < 0,10[mW |

Again, this contribution is very small, and a similar small contribution may be expected if other
EMC emission standards (other than CISPR 15) are taken as reference. It should be noted
also that the model in this calculation is very conservative, as it assumes that the DUT and
the mains cable behave as a half-wave dipole antenna over this frequency range. In reality,
the DUT plus the cable is a very inefficient antenna with a radiation resistance that is much
less than the radiation resistance from a matched half-wave dipole (see for instance Balanis
[8]). Moreover, in this assessment a very conservative approach is taken, i.e. the unintended
emission is present over the whole frequency range under consideration, and the emission-
level is right at the limit at all these frequencies. Again, this is very unlikely; in practice the
unintended emission levels are near the limit only for a limited frequency range or even for
just a few discrete spectral components. Also, it should be noted that a worst case way of
summation is applied, because possible phase relationships which are present in the case of
harmonics are not taken into account.

Conclusion:

The thermal contribution R4 nax between 30 MHz and 300 MHz is about 0 and can therefore
be neglected.

D.3.4 Overall conclusion for the contribution to thermal effects

The thermal contribution in the range from 100 kHz to 300 MHz is negligible, and therefore it
is deemed to comply with the thermal effects requirements according ICNIRP and IEEE if the
lighting equipment does not include intentional radiators. In case the lighting equipment
includes intentional radiators, then an additional compliance criterion applies. See Annex |
and Clause 4 and Clause 7 for details.
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Annex E
(normative)

Practical internal electric-field measurement and assessment method

E.1 Measurement of induced internal electric field
The internal electric field has to be measured from 20 kHz to 10 MHz according to Clause 5.

This Annex E describes an example based on an EMI receiver that generates output data in a
matrix (spread sheet) where the frequency (MHz) is stored in column 0 and the measured
voltage (dBuV) in column 1. This data output has to be processed by the calculation program
of Clause E.2.

E.2 Calculation program

The measured data is a matrix with the frequency f, (MHz) stored in column 0 and the
measured voltage V(f,) (dBuV) in column 1.

The measured voltage V(f,) (dBuV) of column 1 has to be transferred into V(f,) (V), using
Equation (E.1).

V(f,)ldBuB]

vifv]=10 20 107 (E.1)

The voltage 7(f,) (V) has to be transferred into a current Ieap(fy) (A), using the transfer
function g(f,) (V/A), determined by the protection network of 5.4, given in Equation (E.2)

Vis,) 50

[Cap(fn) 1+(47T'fn)2
The current density Jcap(f,y (A/m?2) is given by Equation (E.3)
V(/fn)
J = wn’s
21 =) ook (E-3)
where
A

neck

=T 0112
4

The measured current density JCap (f,) can be expressed in terms of internal electric field:

V(/n)
(fn)'g(fn)'AneCk

Ecap(fn) = o (E.4)

where the values for the conductivity o(f,) as function of the frequency can be calculated by
using the following Equation (E.5)

o(f)=alf,10°) +c (E.5)

where ¢ = 3,629-10%, » = 0,528 3 and ¢ = 0,108 7.
Documents

Document Sharing Hub

Full document details: IEC 62493-2022


http://avadocuments2026.com/doc/iec-62493-2022
http://avadocuments2026.com/doc/iec-62493-2022

