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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 gnd_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technisal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaffer referred to as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC i mittee interested
in the subject dealt with may participate in this preparatory work. Intern entaNand non-
governmental organizations liaising with the IEC also participate in this prepa . qllak g

with the International Organization for Standardization (ISO) in accordafis i ditions, detetrmined by

agreement between the two organizations.

transparently to the maximum extent possib
between any IEC Publication and the correspo

7) No liability shall g
members of its

tighal Committees for any personal injury, property damage or
other direct or indirect, or for costs (including legal fees) and
¢ of, or reliance upon, this IEC Publication or any other IEC

efefences cited in this publication. Use of the referenced publications is
ation of this publication.

The text of this standard is based on the following documents:

FDIS Report on voting
34/133/FDIS 34/137/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

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e withdrawn,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

e amended.

@%
S
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INTRODUCTION

This International Standard establishes a suitable evaluation method for determining 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:1998 [1]1), IEEE C95.1:2005 and IEEE C95.6:2002[2]. The
exposure levels with which to comply are basic restrictions (both ICNIRP- and IEEE-based).

NOTE 1 Maximum permissible exposure levels (IEEE-based) or reference levels (ICNRIP-based) are not used.

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

e applicable

e induced current density between 20 kHz to 10 MHz;
e specific absorption rate (SAR) between 100 kHz to 300 MHz

e power density is outside the scope.

NOTE 2 Operating frequencies of lighting equipment are highe
interference. Frequency contributions above 300 MHz can be n

standards, but it is aimed at supple
with exposure.

this standard to ensure t
applicable national aut

9,

1) Figures in square brackets refer to the Bibliography. Documents
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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 current density
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 for general lighting with a primary

functions of this is illumination;

— independent auxiliaries exclusively for the us

— lighting equip 903
- photocopiere grojectars;

gear.

2 Normative references

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

CISPR 15:20052), Limits and methods of measurement of radio disturbance characteristics of
electrical lighting and similar equipment

Amendment 1 (2006)

Amendment 2 (2008)

2) There exists of a consolidated edition 7.2 (2009), including CISPR 15:2005 and its Amen
Amendment 2. Dﬁ'hh?‘ﬁents
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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.

CISPR 16-1-2:, Specification for radio disturbance and immunity measuring apparatus and
methods. Part 1-2: Radio disturbance and immunity measuring apparatus — Ancillary
equipment, conducted disturbances

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods. Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EMC
measurements

IEC 62311:2007, Assessment of electronic and electrical equipment| ed to human

exposure restrictions for electromagnetic fields (0 Hz — 300 GHz)

IEEE Std C95.1-2005, IEEE standard for safety levels with resp osure to
radio frequency electromagnetic fields, 3 kHz to 300 GHz

3 Terms, definitions, physical quantities and it

3.1 Terms and definitions

For the purpose of this standard
international accepted Sl-units are uses

definitions will apply, the

3.1.1
baS|c restrlctlon (basic Ilmltatlons)

ic and electromagnetic fields that are
a safety factor. The basic restriction is

3.1.4
measurement point
position and location of the measurement test-head relative to the lighting equipment

3.1.5

lamp control gear

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

3.1.6

built-in lamp control gear

lamp control gear 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. The

Documents
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control gear compartment in the base of a road lighting column is considered to be an
enclosure

3.1.7

independent lamp control gear

lamp control gear 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
control gear and without any additional enclosure. This may consist of a built-in lamp control
gear housed in a suitable enclosure that provides all the necessary protection according to its
markings

3.1.8

integral lamp control gear
lamp control gear which forms a non-replaceable part of a luminaire/a
tested separately from the luminaire.

h cannot be

3.1.9

ballast

unit inserted between the supply and one or more disg by means of
serves mainly to
limit the current of the lamp(s) to the required clude means for
transforming the supply voltage and arrangements e ide starting voltage and pre-

heating current

3.1.10
self-ballasted lamp
unit which can be dismantled without pPeing permar

and incorporating a light source and aditi%el 0

damaged, provided with a lamp cap
ecessary for starting and for stable
operating of the light sourgé

3.1.11

d.c. supplied electronic ba

d.c. to a.c inver i ces which may include stabilizing elements for
supplying power to.6

3.1.12

independent

lamp control\gear one or more separate elements so designed that it can be
mounted de a”lighting equipment, with protection according to the marking of

control gear™h stitable enclosure that provides all the necessary protection according
to its markings

3.2 Physical quantities and units

The physical quantities and units used in this standard are given in Table 1.
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Table 1 — Physical quantities and units

Quantity Symbol Unit Dimension
Conductivity o Siemens per meter S/m
Current density J Ampere per square meter A/m?
Electric field strength E Volt per meter V/m
Frequency f Hertz Hz
Magnetic field strength H Ampere per meter A/m
Magnetic flux density B Tesla T (Wb/m2, Vs/m?)
Power P W att W
Current / Ampere ( A

N

4 Limits

4.1 General

The basic restrictions of the general public of eithe or ICNIRP 1998 are

used, see Annex C.

4.2  Application of limits

following requirements:

e CISPR 15:2005:

— § 4.3.1: Disturance yolt
30 MHz;

- §4.4:Ra ed &
30 MHz;

e CISPR 15:20058

Annex D.
4.3 Lighting equipment deemed to comply without testing

Lighting equipment without electronic control gear is deemed to comply with the requirements
of the standard without testing.

All kind of ignitors, starters, switches, dimmers (including phase control units e.g. triac, GTO)
and sensors are not considered as electronic control gear.

5 General requirements

5.1 Supply voltage

Measurements shall be carried out within £ 2 % of the maximum rated supply voltage.
Equipment which can be operated from an AC- and/or DC supply shall be measured from one
AC supply at a single frequency.
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5.2 Measurement frequency range

- 11 -

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

5.3 Ambient temperature

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

5.4 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 setting,s(\
N\

an outside diameter of Dyg,q = 210 mm £ 5 mm

support and connected via an ordinary | ire to g

Ordinary
wire
Protection
network
Insulated
support
I

IEC

A\
Bg according to .
Frequency range S 1SPR 16-1.1 Measurement time fstg\\ W
20 kHz — 150 kHz 200 Hz 100 ms 230 Hz Peak >
~N
150 kHz - 10 MHz 9 kHz 20 ms hokNz \\_ | Paak

S

a cgnducting sphere with

on an\nsulated (e.g. wood, plastic)

2331/09

Figure 1 — The “Van der Hoofden” test-head

An example of the protection circuit can be found in Figure 2.

Full document details: IEC 62493 2009
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leap(fn)

From test-head Example
C, =470 pF
C,=10nF

C, = optional capacitor (~56 pF)
to fulfill the transfer function
requirements of annex F.

R, =470 Q
R, =150 Q
31 D = Schottky diode
R, = 50Q input of Ely ceiver
D ZND | V(fd)Ro

iZ

Housing

_ V(fn)
gl = Icap ()

The transfer function

calculated charattexi
network shall be dgr

See 5.7 on how to handle the measurement uncertainty for evaluating the measurement
results. An example for the individual calculation can be found in Annex G.

NOTE Guidance to assess uncertainty can be found in IEC 61786:1998 [4].
5.6 Testreport
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.
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5.7 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 or

equal than the uncertainty given in 5.5 (Uy4ic) 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 5.5 (Up4ic) then:

— compliance is deemed to occur if the measurement result, increa
does not exceed the applicable limit.

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

6 Measurement procedure

6.1 General

both ICNIRP 1998 and

person near lighting equipment. The \ carfied out under the conditions
specified in Table A.1 of Annex A.

6.2 Operating conditie
6.2.1 Operating cons

Measurements
specified by the

G lamp(s) shall be operated until stabilisation has been reached.
Unless otherwi by the manufacturer, the following stabilisation times shall be
observed:

— 15 min. for fluorescent lamps;

— 30 min. for other discharge lamps.

All measurements have to 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 equipments: 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 maximum. an
minimum limit of light regulation. Iﬁ%cuarﬁents
Document Sharing Hub
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Measurements shall be carried out within £ 2 % of the rated supply voltage. In the case of a
voltage range, measurement shall be carried out within £ 2 % of minimum and maximum
nominal supply voltage of that range.

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. The external surface of

the test-head is taken as the reference point when determining the measurement distance.
Tolerances of the measurement distances are £ 5 %.

6.4 Measurement set-up

The measurement set-up is given in Figure 3.

DUT

Position and distance of DUT acco
to
Annex A and B

Conducting

Sph
A Y \
Ordinary ~
( 0,3 mx%0,
v%
20,8m rotection -
twork EMI receiver

or

\@oaxial cable Spectrum analyzer

IEC 2333/09

y

Figure 3 — 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.

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.
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6.4.1 Measurement set-up for specific lighting equipment
6.4.1.1 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.

6.4.1.2 Independent electronic control gear

Independent electronic control gear 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
control gear and the lighting equipment shall be 0,8 m with a relative iolerance of 20 %
unless otherwise specified by the manufacturer. The configuration of g gear, lighting

6.5 Location of measurement test-head

pru escent lamps greater than
30 cm, the test-head is positioned ag sho B.23 ¥’measurement procedure is
repeated for both ends of the lamp, and in

lamp is measured in-turn.

illumination.

For those lighti i
where the directi

use, for example an

The measurement results are calculated in accordance with Annex E.
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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

AN

easurement
istance

Type of lighting equipment
N\ (&)
Hand lamps @ /\ \ \ 5a

Table lighting equipment \ \ 30

Wall lighting equipment \ \ > 50

Up lighter / ) \ 50

Suspended lighting equipment \ ﬁ / N 50
Ceiling and/or recessed lighting equipment for resce/(f\\ambs wﬁl{an( })ut pc&erb <180 W 50
Ceiling and/or recessed lighting equipment fo\or\{\lam}){ W|th\{n mpu)powerb >180 W 70
Ceiling and/or recessed lighting equipment for ;ﬁ%harge S w}i\an input powerP < 180 W 70
Ceiling and/or recessed lighting equipment forkiisc ar Iarﬁg 'th%l input powerb > 180 W 100
Portable lighting equipment ( f\\ \) > 50
Flood lights ) 200
Lighting equipment for roaé aw L|gh ng 200

Lighting chains < \> 2 < \/ 50
Lighting equipment for %MWOWH}) applications 50
Lighting equipment gﬁé\a\\)glig ing\@evisi% and film studios (outdoor and indoor) 100

Lighting equip@e’ﬁ\f@s&n&@ic&x{reas of hospitals and health care buildings 50

Ground recessé‘q Iigthﬁ'\pm}\t/ 50

Aquariuné\gh\hgze\qlhmgnt \ 50

Plug- in mght\l‘rg{ \ 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

a Measurement distance should be 30 cm and the measured value should be calculated to a distance of 5 cm
(équation; 1/r3).

b Total nominal power of the lighting equipment.
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Annex B
(informative)

Location of measurement test-head

Measurement distanct—:T ;;‘ _____________
defined in Table A.1

1
1
: Lighting egujpment
' undgr te'st Q\
'__Y ___________ /\ s
T S
>0,3m |
1
N N

IEC 2334/09

Figure B.1 — Typical me t arrangement

1

1

1

' Measurement distance
! as defined in Table A.1
1

Measurement Measurement
point 1 point 2

IEC 2335/09

Figure B.2a — Location of measurement point for lighting equipment with double
capped fluorescent lamp(s) (recessed, surface or pole mounted)
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Measurement distance as
defined in Table A.1

Single capped
lamp

R EREEEE ~

<

Measurement
point

Figure B.2b — Location of measurement point for lighti
capped lamp(s) (recessed, surface or pole

Measurement View from above
distance as defined

in Table A.1

petimeter of the lighting equipment.

Location of
measurement point

IEC 2337/09

Figure B.2c — Location of measurement point(s) for lighting equipment
with single capped lamp (360° illumination)
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Lamp housing connected to control
gear via cable harness

Control gear housed in
remote box

' Measurement
| distance as defined
i in Table A.1

Location of measurement points:
1. Central to the point of ill
2.

(@
io
cable h
\/

IEC 2338/09

Lamp connected to control
gear via 0,8 m* ca
harness

= >

ntrol gear and lamp(s) mounted
on an insulating support

|

a

Full document details: IEC 62493 2009

™\

Measurement
distance as

defined in
Table A.1

Independent electronic

converter

way along the cabl

Location of measurement point at a distance mid-

e harness

IEC 2339/09

NOTE Length of cable 0,8 m unless defined otherwise in manufacturer’s installation instructions.

Figure B.2e — Location of measurement point for an

independent electronic converter
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Measurement
distance as defined

in Table A.1
—

Suspended uplight

Location of
measurement
point

IEC 2340/09

eht lamps the test-head is located perpendicular
em from the end of the lamp(s).

ation of measurement point(s) for an
(floorstanding/suspended)

e B.2 — Location of measurement test-head
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Annex C
(informative)

Exposure limits

CA1 General

The exposure limits given in this informative annex 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 es specified by the
applicable national authorities.

C.2 ICNIRP
Table C.1 — Basic restrictions (BR) for general publlc rying
electric and magnetic fields for freque t 1 G
Frequency range Current density Average R IE\ d Localised SAR
(head and trunk) (whole body ( d tru k) (limbs)
mA/m2 (rms) (W)% AN kg W/kg
Up to 1 Hz 8 / /\ } ( @) ‘\/
1Hz - 4 Hz 8/f N\ _
4 Hz - 1 000 Hz 2 /)
1 kHz — 100 kHz rs0 (N NN\
100 kHz — 10 MHz < \rr500 o8 2 4
10 MHz - 10 GHz N N 0,08 2 4
NOTE fis the freguenck in Nerta, N
N
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C.3 IEEE

Table C.2 — IEEE Basic Restrictions (BR) for the general public

Persons in controlled

Action level@ !
environments

Exposed tissue fe(Hz) Eo (rms) (V/m) Eo (rms) (V/m)
Brain 20 5,89 x 107 1.77 x 10
Heart 167 0,943 0,943

Extremities 3 350 2,10 A 2\1{
AN
Other tissues 3350 0,701 3@ \

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

a  Within this frequency range the term “action level” is equjvalent \to Arm ‘genefal public” in
IEEE Std C95.6-2002.

sompefimes given to~tiree significant digits. This
i s and relationships presented in

NOTE Entries in Table 2 and elsewhere in this standard

Persons in
Action level@ controlled
SAR"(W/kg) environments
N SAR®(W/kg)
Whole-body emre\ 0,08 0,4

Localized exp}swé

A\
Localized expo\sgre\
a BRfo the@e%l

\Iﬂgfg d (peak spatial- 2 10¢
avexage)

E)anm pinnae 4c 20¢

ubW

an RF safety program is unavailable.

d

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

Rational 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 induced current (see
Clause D.2) and the thermal effects (see Clause D.3).

Measurement & assessment
method

(Annex D)
| I N

N
Induced current density T@rma effec}s/
(Clause D.2) \‘%use 3)
[ [
[ 1 [ ]

Induced current density Induced current denfity /- W 30MHz - 300MHz
due to due to 7 contributi contribution
magnetic field electrigfield ubclanse D.3.2) (Subclause D.3.3)
(Subclause D.2.2) (Subcl D.2.3 [X
| < ( N

[ AN )\/

f-mains 20Hz - TaMHz/

contribution contxjbution

(Subclduse D.2.3.2) (Stbclause D.2.3.3
N

uremeiht and assessment method

f-mains
contribution
(Subclause D.2.2.2)

contribution
(Subclause D.2.2.3)

20 kHz - 10 MHj

IEC 2341/09

Figure D.1

10 MH
QEULIPS (0.1)
fi =1Hz JLim<fi)

with:

J(f, d) is the current density at frequency i and at a measurement distance d according to
Annex A;

JLim(f) is the current density basic restriction at frequency i, of Table C.1
The induced current density in the (dummy) person can be caused by:

e eddy currents in the (dummy) person due to the magnetic field of lighting equipment under
test, as described in this clause.

e capacitive currents from lighting equipment under test to the (dummy) person due to the
electric field, as described in Clause D.3.

So Equation (D.1) can be rewritten in Equation (D.2):
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02 Jogay (Fi d) 102 Jogp (f;, d) -

2 2

(D.2)
ramy Jum() S, ()

where

Jeddy(f,-, d) is the current density due to the magnetic field at frequency / and at a distance d
according to Annex A

Jcap(f,-, d) is the current density due to the electric field at frequency i and at a distance d
according to Annex A

er than 20 kHz in
ation (D.2) can

The frequencies for the power converters in the lighting equipment are high
order to avoid audible noise and infrared interference. With this knowledgg
be rewritten into Equation (D.3):

20 kHz Joddy (f;,d) . 10 MHz Jeddy(fi,d)+20kHz Jeap (fid)

(D.3)
,7:12;‘42 JLim (fi) fi:g‘kHz JLim (fi) fiﬂzgz JLim (f;)
The mains frequency of 50 Hz or 60 Hz is the onl omponent in the
frequency area of 1 Hz to 20 kHz. Therefore Equatio - exewritten in Equation (D.4)
Jeddy (Fmains,d)  10MHz o d Z Joap (fird
eddy( mains > d) . ed\(yt\f‘r\ ) cap(/ ) <1 (D.4)
JLim (fmains ) f;=20 kHz fl ) £,=20 kHz JLim (fl )

D.2.2 Induced current density due

RN

D.2.2.1

IEC 2342/09

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)
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