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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: Objective light flickermeter and voltage fluctuation

— immunitytestmethed———
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris
all national electrotechnical committees (IEC National Committees). The object of IEC.is to prom
international co-operation on all questions concerning standardization in the electrical and electronic fields|
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatid
[Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as *
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereg
in the subject dealt with may participate in this preparatory work. International; governmental and n
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clos
Wwith the International Organization for Standardization (ISO) in accordance-with conditions determined
lagreement between the two organizations.

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

IEC Publications have the form of recommendations for intefpational use and are accepted by IEC Natig
Committees in that sense. While all reasonable efforts are"made to ensure that the technical content of

Publications is accurate, IEC cannot be held responsible™or the way in which they are used or for

misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible ir,their national and regional publications. Any diverge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
the latter.

IEC itself does not provide any attestation’;of conformity. Independent certification bodies provide confor
assessment services and, in some areas,” access to IEC marks of conformity. IEC is not responsible for
Iservices carried out by independent _cértification bodies.

All users should ensure that they‘hiave the latest edition of this publication.

No liability shall attach to IE€\or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
expenses arising out®of,'the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn-to the Normative references cited in this publication. Use of the referenced publication
indispensabletfar'‘the correct application of this publication.

Attention jgs\drawn to the possibility that some of the elements of this IEC Publication may be the subjec]
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a Technical Report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 61547-1, which is a Technical Report, has been prepared by IEC technical
committee 34: Lighting.

This third edition cancels and replaces the second edition published in 2017. This edition
constitutes a technical revision.

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

a) [the scope of this document has been clarified to make a distinction between(flicker test|ng
without voltage fluctuations to measure the intrinsic performance of lighting equipment gnd
flicker testing in which a specific set of voltage fluctuations are ,applied in order|to
measure the immunity of the lighting equipment to voltage fluctuations present on the
mains;

b) | the test procedure for flicker testing has been clarified.

The text of this Technical Report is based on the following doeuments:

Draft TR Report.on voting
34/668/DTR 34/701/RVDTR

Full information on the voting for the approvalsof this Technical Report can be found in the
regort on voting indicated in the above table.

Thl|s document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61547\series, published under the general title Equipment |for
geheral lighting purposes — EMG.immunity requirements, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
thg specific document.. At this date, the document will be
e |reconfirmed,

e |withdrawm

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

The fast rate at which solid state light (SSL) sources can change their intensity is one of the
main drivers behind the revolution in the lighting world and applications of lighting. Linked to
the fast rate of the intensity change is a direct transfer of the modulation of the driving
current, both intended and unintended, to a modulation of the luminous output. This light
modulation can give rise to changes in the perception of the environment. While in some very
specific entertainment, scientific or industrial applications a change of perception due to light
modulation is desired, for most everyday applications and activities the change is detrimental
and undesired.—The—generalterm—used—for These changes in the perception of the
enyironmeni—s are called "temporal light artefacis™ (TLAs) and can have a Targe influence]on
thg judgment of the light quality. Moreover, the visible modulation of light can lead™tq a
degrease in performance, increased fatigue as well as—acute health problems like{gpileptic
seizures and migraine episodes [17][18]1.

—

Different terms exist to describe the different types of TLAs that may be percegived by humaps.
The term "flicker" refers to light variation that may be directly perceived by an observer.
"Sfroboscopic effect" is an effect which may become visible for an observer when a moving or
rotpting object is illuminated (CIE TN 006:2016 [26]).

Popsible causes for light modulation of lighting equipment that<may give rise to flicker|or
strpboscopic effect are:

— | AC supply combined with light source technology and¢ts.driver topology;

— | dimming light regulation technology of externally applied-dimmers light level regulators| or
internal light level regulators;

— |mains voltage fluctuations caused by electrical apparatus connected to the majns
(conducted electromagnetic disturbances)Nor intentionally applied for mains-signalljng
purposes.

Lighting products that show unacceptable flicker—er—stroboscopic—effect are considered |as
popr-quality lighting.

Th|s document provides a desctiption of an objective light flickermeter and a method [for
mdasuring the intrinsic flicker-0f lighting equipment as well as testing the immunity of light|ng
eqliipment against mains yoltage fluctuations caused by electrical apparatus connected to the
mains at levels that are allowed through IEC 61000-3-3.

Flicker perception;‘'as well as IEC 61000-3-3 and IEC 61000-4-15, the associated standafds
for|voltage fluctuations and the flickermeter, are based on the 60 W incandescent lamp. A
reqult of the phasing out of incandescent lamps and the widespread introduction of alternatjve
lighting equipment technologies, a new reference lamp was considered. It has bgen
demonstrated that new lighting technologies are in general less but sometimes also more
sensitiveyto supply voltage fluctuations than the current 60 W incandescent lamp. A CIGRE
workidg group has assessed the impact of new lighting technologies on the existing flicker
st . ; i Ttivi =3 ins
as the reference. However, because of the increased diversity of sensitivity of lighting
equipment to voltage fluctuations, there is a future need for a voltage-fluctuation immunity test
specifically for lighting equipment. In this way, the full EMC approach (Figure 1) is introduced
for flicker, i.e. with a view to limiting voltage fluctuations caused by equipment connected to
the grid, and in addition to establishing a minimum level of flicker immunity of lighting
equipment against these voltage fluctuations.

o
Q

This document will allow the lighting industry to gain experience in flicker immunity test
methods. Results of actual tests will be reported in a separate IEC Technical Report. Based

1 Numbers in square brackets refer to the Bibliography.
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on the experience gained on this immunity test method, the adoption of a similar test to be
applied for IEC 61547, the immunity standard for lighting equipment, will be considered.
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EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: Objective light flickermeter and voltage fluctuation
immunity test method

Scope

s part of IEC 61547 describes an objective light flickermeter, which can be applied f
ongstothers; the following purposes:

ors;

Ap
be

mgins signalling. This is however not desScribed in further detail in this document.

NO

Th
theg
col

Th

conmittee 34, 'such as lamps and luminaires, intended for connection to a low volt3

ele
ar

Th

measuring the intrinsic performance of all lighting equipment without the application
voltage fluctuations in terms of illuminance flicker; durihg-this measurement, the light
equipment is supplied with a stable mains;

testing the immunity performance of lighting equipment against (unintentional) voltd

set of defined voltage fluctuations are applied/t0 the AC mains and the immunity of
lighting equipment to the disturbance is detertined.

tested against intentional voltage fluctuation on the AC mains arising for example fr

b object of this document.is'to establish a common and objective reference for evaluat
performance of lighting equipment in terms of illuminance flicker. Temporal changes in
our of light (chromatic flicker) are not considered in this test.

s method can e-applied to lighting equipment which is within the scope of IEC techni

ctricity supply. Independent auxiliaries such as drivers can also be tested by application
epresentative light source to that auxiliary.

b Objective light flickermeter and voltage fluctuation immunity method described in

TE 1 IEC 61000-4-13:2015 [24] prayides guidance regarding test levels and frequencies for mains signalling.

tastina the immunity nerformance of liahtina eauinment aasainst (udinmtentional)l voltdae
teStHhg—hetHnmuniy—perforance—or+gRtihg—eqguipment—agaiist—4 teRHoha)—voHgqge
testina—the immunitv—nerformance—o liahtina eauinment adainst intentional volidae
testHhg—the—mmuhty—perormahRce—o+—HgRiRg—eqgtHpment—agaiRst—hteRttoRa—vogge
H ala’ a A a) - O H avtayya' ‘ava
oo W o O PP O

of
ng

ge

fluctuation disturbance on the AC mains in term$yof illuminance flicker; during this test a

he

brt from the above two purposes, the imaunity performance of lighting equipment can ajso

pm

ng
he

cal

ge
of

his

do

tumient are based on the IEC 61000-3-3 standard for voltage fluctuation limits and

he

flic

kermeter standard IEC 61000-4-15.

The objective light flickermeter described in this document can be applied to objectively
assess flicker of lighting equipment that is powered from any type of source, AC mains, DC
mains, battery fed or fed through an external-dimmer light level regulator. The specific voltage
fluctuation immunity test method described in this document applies to lighting equipment
rated for 120 V AC and 230 V AC, 50 Hz and 60 Hz.

NOTE 2 The principle of the method can be applied for other nominal voltages and frequency ratings.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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.

IEC 61000-3-3:2013, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems, for
equipment with rated current < 16 A per phase and not subject to conditional connection

IEC 61000-4-15:2010, Electromagnetic compatibility (EMC) - Part 4-15: Testing, gnd
médasurement techniques — Flickermeter — Functional and design specifications

3 | Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

)

Fof the purposes of this document, the terms and definitions given in IEC 61000-3-3 gnd
IEC 61000-4-15 and the following apply.

ISO and IEC maintain terminological databases for use .ji’ standardization at the follow|ng
addlresses:

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

e [ISO Online browsing platform: available at http¥//www.iso.org/obp

pefception of visual unsteadiness induced by a light stimulus the Iluminance or speciral
distribution of which fluctuates with time, for a static observer in a static environment

Note 1 to entry: The flGctuations of the light stimulus with time include periodic and non-periodic fluctuations gnd
can| be induced by thé seurce itself, the power source or other influencing factors.

[SOURCE: CHENTN 006:2016]

[SOURCE: IEC 60050-614:2016, 614-01-30]

3.1.3
voltage flickermeter

instrument—as—specified—in—1EC 61000-4-15 which is designed to measure any quantity

representative of flicker resulting from mains voltage fluctuations

Note 1 to entry: Specifications of the voltage flickermeter can be found in IEC 61000-4-15.
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314
illuminance

quotient of the luminous flux d®, incident on an element of the surface containing the point,

by the area d4 of that element

Equivalent definition. Integral, taken over the hemisphere visible from the given point, of the
expression L,-cos 6-dQ where L, is the luminance at the given point in the various directions
of the incident elementary beams of solid angle dQ, and 0 is the angle between any of these

beams and the normal to the surface at the given point

do
EV: v :I LV'COSH'dQ
dA4 21 sr
Notl 1 to entry: Illuminance is expressed in Ix or Im-m~2.

[SOURCE: IEC 60050-845:1987, 845-01-38]

3.1.5
light flickermeter
instrument designed to measure flicker resulting from temporal changes in the intensity of

light in an objective way-and-based-on-the lEC 61000-4-15 speecifications

Note 1 to entry: The light flickermeter is based on the IEC 61000-4-15+sgecifications.

3.1.6

thileshold of flicker irritability

maximum value of a fluctuation of luminance or ©f Spectral distribution which gives rise t
flicker tolerated without discomfort by a specifiedisample of the population

[SOURCE: IEC 60050-161:1990, 161-08-16]

3.1.7

shprt-term flicker indicator

PS

measure of flicker evaluated oVer a specified time interval of a relatively short duration

Note 1 to entry: The duration is typically 10 min, in accordance with IEC 61000-4-15.

Note 2 to entry: The altemnative term "short term flicker severity" is used in IEC 61000-3-3 and IEC 61000-4-15

[SOURCE: IEC €0050-161:1990, 161-08-18, modified — Note 2 has been added.]

3.2 Abbreviated terms

he

o
Q

AG alternating current

S e el e

CFL compact fluorescent lamp

CIE Commission Internationale de I'Eclairage
cpm changes per minute

DC direct current

EUT equipment under test

EMC electromagnetic compatibility

EM | . ‘

Hz hertz

IEEE Institute of Electrical and Electronics Engineers
kHz kilohertz
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LED light emitting diode
LP— lowpass

ms millisecond

Fosh———roelononde:

RMS root mean square
SSL solid state lighting

TLAs — temporal light artefacts

\Y, voltaca

w watt

3.3 Symbols

a multiplication factor

Chp gain of the light amplifier

d relative voltage change

dg relative change of the rectangular modulation of the illuminance

d, relative change of the 100 Hz-illuminance ripple

AL instantaneous total light variation after a voltage fluctuation

Au instantaneous total voltage variation after a voltage{fluctuation

AU total voltage variation of the half-period RMS value after a voltage fluctuation

f mains frequency (50 Hz or 60 Hz)

Im modulation frequency

L light

m modulation index

% percent

pp percentage point

Pipkt instantaneous flicker sensation

Py short-term flicker indicator

PR p_-value of the standardized illuminance waveform £(¢)

Y vy Homnanceof n EUT mossusod vt g kst

Psl‘tw flicker-metric of the illuminance of an EUT without the application of voltage
fliuetuations and measured with a light flickermeter

M (), flicker metric of the illuminance of an EUT with the application of voltage fluctuatiops

dna measured witn a ngnt rickerrmeter

M (C) flicker metric of the illuminance of the combination of a light source and a dimmer
measured with a light flickermeter

Py flicker metric of the supply voltage measured with a voltage flickermeter
LM . . .

Pst ‘ . |Ig tflicker-noise-level

_ Inoise

\Vj . . .
Pg -mainsflickernoiselevel

Ps\t/ (N) flicker metric of the noise level from an unmodulated supply voltage measured with a
voltage flickermeter


https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369

IEC TR 61547-1:2020 RLV © |IEC 2020 -13 -

complex Laplace variable

u amplitude of the mains voltage

u(t) mains voltage signal

ug(t) output voltage of the light sensor amplifier

T modulation period

Tiest period of time over which the illuminance is measured during application of the
voltage fluctuation

U half-period RMS-value

4 | General

The immunity of lighting equipment to voltage fluctuations may be tested by applying spec|

typ

indicator P, =1 curve for the reference incandescent lamp of 60 W specified

IE(
flu
em

ag
do

Du
flu

luminous intensity variation of the lighting equipment is measured and recorded. A li
kermeter is applied to measure the value\of the metric—Pst—édeneted—as—st'-tM) which| i

flic
de

flu
be

A
pe

use¢d (i.e. no voltage fluctuations are applied). Similar to the above, the luminous inteng

va
meg

NO
per
to

oth

Thsg

es and levels of voltage fluctuations to the mains, in accordance with the, short-term flic

L 61000-3-3. In this way, the full EMC approach is applied fory flicker, i.e. voltd
ctuations caused by equipment connected to the grid are limited(by the voltage fluctuat
ission test of IEC 61000-3-3, while the level of flicker immunity of lighting equipm
inst these-2,,—=-1 pY = 1 voltage fluctuations is tested using.the method specified in

cument (see Figure 1).

Fing the test, the supply voltage is modulated with—Pst———1—ﬂuc—tu~atien—€deneted—as—Ps\{—

ftuation of RY =1 which is extracted from the threshold of the flicker irritability curve. T

noted by PGM (1), which indicates that.\tRe test is carried out with the application of voltg

Ctuations and the letter | stands for_imunity. Further details of the voltage fluctuations
found in Table 1.

flicker measurement can alsG be performed in order to determine the intrinsic flic
formance of the lighting:sequipment. During this test, a stable mains source (see 6.2

iation of the lighting.equipment is measured and recorded. A light flickermeter is applied
asure the value gfthe metric which is denoted by Ps"tM.

E In princjpfessflicker perfomance tests can be applied to an individual product as well as to test the flig
ormance ofNftstallations in actual applications (in-situ). However, the latter in-situ testing is much more pr
heasuregient uncertainties due to various influence quantities such as ambient light, light modulations f
br lighfSsources or daylight or moving subjects and (undefined/irregular) voltage fluctuation on the netw

refore; PSLtM measurements are normally done at product level. The TLA performance of an actual applica

fic
er

in
ge
on
bnt
his

i a
he
yht

ge
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er
is
ity

ker
bne
om
brk.

ion

to

en\

irohment of multinle licght sources is agoneorally botter than the TLA porformance of a sinale light source du
g 4 ) Y ™ ) )

the averaging out of the light modulation from the different light sources. Note that the flicker immunity test against

voltage fluctuations (Psl‘t'vI (I) ) cannot be performed in-situ.
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Voltage flickermeter

voltage —
Apply stable AC mains source via o~ A D
reference impedance U+ AU|EUT /(r?: - =9 ) measure
— 1 » eow . > pY
inc. lamp £ - ;
_ ye-brain| (60 W incandescent
mOdeI mOdel Iamp)
Apparatus
Apply AC mains ) )
voltage fluctuation > L+ AL|EUT Light flickermeter
corresponding to )
PV =1 |Ight
st Medsure
(60 W incandescent - 3 = ) Eye-brain [——3,
lamp) % g model PM =1
L (for 60 W
EUT = Lighting incandescent lamp)
AV equipment
IEC
|
U + AUV
PY =1
st
Voltage flickermeter
Apply stable AC mains source via Voltage I y N
reference impedance U+l ,@: -
BT L L 9 Measure
> i 60 W t/ ( > pV
incandescent Eye-brain (GOSW
lamp model  model incandescent
lamp)
IEC

a) Voltageifluctuation emission test in IEC 61000-3-3, using the IEC voltage

Apply AC mains
voltage fluctuation —»

flickermeter in IEC

61000-4-15

L+AL Light flickermeter
correspofding to ”ghltEUT d
PV= 1 J—
t \ ) LM
(6O'W inc. lamp) | Eye-brain Measure P (1)
——» S 9 model | PM(1)=1for60W
s Y o
e incandescent lamp
%7 EUT = Lighting
equipment

60 W
PV=1

st™

U+ AU

IEC

b) Voltage fluctuation immunity test specified in this document

Figure 1 — Full EMC approach for mains voltage fluctuations
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5

Light flickermeter

For an objective assessment of flicker due to low-frequency light modulation, the flickermeter
specified in Annex A is used. Additional requirements for this light flickermeter are given in
7.3,7.4,7.5and 7.6.

This light flickermeter can be applied to objectively assess the flicker of lighting equipment
that is powered from any type of source, AC mains, DC mains, battery powered or powered
through an external-dimmer light level regulator. In this document, specific mains voltage
disturbance signals are given in Clause 6 for 120 V_AC and 230V _AC, 50 Hz and 60 Hz

ne

6

6.1
Th

method specified in Clause 7. The disturbances are rectangular amplifude modulations t

areg

Th
be
u(t

where

Jm
Fu

works.

Voltage fluctuation disturbance signal

General

e immunity test against voltage fluctuations is carried out in accordance with the t

-to-be applied on the ACpower-peort mains.

b mains signal is—te—be amplitude modulated with rectangular signals with frequenc
ween approximately-6-65 0,3 Hz and 40 Hz. For the rettangular modulated mains sig
, the following Equation (1) applies:

u(t)=1-sin(21ft)- {1+ m-signum (sin(21f,))}

is the amplitude of the mains voltage;

is the mains frequency-{50-Hz);

is the modulation index;

num(x) = the signum function; signum(x) =1 forx >0
signum(x) =0 forx =0
signum(x) = -1 forx <0

s the modulatien-frequency = 1/7,.

'thermore,the half-period RMS value U of the unmodulated mains signal can be written 3

U=i/+2

ost
hat

es
hal

(1)

In

EC 6T00U-4-15, The parameter 4 is apphed, wWhich s the Total the relative voltage chang

is applied:

for

wh

Au

d=Aulu=AUIU,
rectangular-AM amplitude modulation with modulation frequencies < f

ere

is the instantaneous total voltage variation after a voltage fluctuation;

AU is the total voltage variation of the half-period RMS value after a voltage fluctuation.

3)
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For a rectangular modulated mains signal with modulation index m the relative voltage change

dis:

d=2m.

The relative voltage change (or voltage fluctuation) d is often expressed as a percentage.

An example of the parameters is shown in Figure 2.

(4)

A

Mains sighal — rectangular amplitude modulation

ol s ) S
oL e T

|

-
o
o

Hininin il
1 Bk

L il
o L lE
VOO ™

'3OOUUUIUU VT K N

[—— 230 V; 50 Hz; rectangular modulatierns Hz; modulation index m = 0,1 ]

i
i
1

boL
o o
o o

Magnitude (V)
o

-400 >
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5

EXAMPLE Amplitude modulated mains signal (280 V; 50 Hz). Rectangular modulation; frequency 5 Hz (600 cp
T, F 0,2 s; modulation index m = 0,1 (relative ¥oltage change d = 20 %).

Figure 2 —Definitionlllustration of the mains test signal including
a rectangular modulated voltage fluctuation (see Equation (1))

Voltage fluctuations frequencies are often expressed in terms of voltage changes per min
(cgm). The relation between the voltage fluctuation frequency f,, (in Hz) and the cpm (g
cy¢le contains two changes) is:

Jm =cpm /120.

6.2 Mains signal parameters

m);

Lite
ne

(%)

of

The ‘unmodulated test voltage level U should be set and maintained at the nominal valug

120 V or 230 V, with a tolerance of 0,5 %.

The mains frequency fshould be set and maintained with a tolerance of £0,5 % of the nominal

value of 50 Hz or 60 Hz.

Residual fluctuations of the unmodulated test supply voltage during a test may give rise to a
noise level RY (N) that-are is not exactly zero. It is recommended to keep this RY (N)-neise

level below 0,2. See Clause B.5 for the impact on the uncertainty of the test.

When the above mains signal parameters are achieved, it is referred to as a stable ma
source in this document.

ins
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NOTE In IEC 61000-3-3, the Ps\t/-ne{tse (N) level is specified to be less than 0,4 which can induce an uncertainty

of 8 % in the IEC 61000-4-15 measurement. However, in this test protocol there are many sources of uncertainty

and

6.3

that is the reason to set a more strict Ps\t/-neise (N) level tolerance.

Disturbance signal parameters and test levels

Specific test frequencies and types of modulation are specified in the IEC flickermeter
standard IEC 61000-4-15 for performance verification purposes. It is recommended to use the
test frequencies and the rectangular modulation given in IEC 61000-4-15:2010, Table 5 also

as

test signals for voltage fluctuation immunity testing of lighting equipment.

Th
be
flic
theg
mo

Th
typ

NO

NO

bed
can|

Th
50
sh
flic

Th
18

applied are given in Table 1. The test levels in this table are partly taken 4rem

kermeter performance test specifications given in IEC 61000-4-15:2010, Table_§,yand fr
test level at 8,8 Hz given in IEC 61000-4-15:2010, Table 2b. The latter frequency is

st sensitive frequency over the frequency range of interest.

e voltage fluctuation test levels given in Table 1 (i.e. BY =1 levelg)lgive Ps'-t'vI m=1i
ical 60 W incandescent lamp is used.

TE 1 Not all 60 W incandescent lamps have exactly the same response _to Ps\t/ =11[15].

ause of the cut-off frequency of the low pass filter (LPF) of the-fliskermeter. The tolerance for this specific p
be increased to +10 %.

b rectangular modulation pattern should™ be applied with a duty cycle
% + 2 percentage point (pp), and the transifion time from one voltage level to the n

ker value of pY = 1 corresponding to the'threshold of the flicker irritability curve.

) s (see footnote ¢ of Table 1).

e recommended specific levels of relative voltage changes and modulation frequencies| to

he
bm
he

TE 2 For a 60 Hz voltage source a higher deviation in Psle (I) at¢a modulation frequency of 40 Hz is obserjed

bint

of
pxt

buld be less than 0,5 ms. All test frequengies and level combinations will give a short-tgrm

e duration of the voltage fluctuation applied to the EUT should be-minimalty a minimum| of
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Table 1 — Voltage fluctuations — Test specification of voltage
fluctuations applied at input AC-powerpeorts mains 120/230 V and 50/60 Hz

Rectangular amplitude modulations with duty cycle of 50 % 2¢df

Voltage changes Modulation Relative voltage fluctuation
per minute frequency
cpm - d = AUIU
Hz %
120 vV 120 vV 230V 230V
50 Hz 60 Hz 50 Hz 60 Hz
39 0,3250 1,045 1,040 0,894 0,895
110 0,916 7 0,844 0,844 0,722 0,723
1056 8,8 0,353 b 0,353 P 0,275 ° 0275 °
1620 13,5 0,545 0,548 0,407 0,409
Test not Test not
4 000 331/3¢ 3,426 required 2,343 required
Test not 4,837 Testnot 3,263
4 800 40,0 © required required

2 | See Table 5 of IEC 61000-4-15:2010 and Table D1 of IEC 61000-3-3:2013.
b | See Tables 2a and 2b of IEC 61000-4-15:2010 for Rnst =1; the values of d = 0,252 % and d = 0,196 % are

increased to respectively 0,353 % and 0,275 % to give PSLtM (I) =1

¢ | The duration of the voltage fluctuation and recording of thesilluminance is recommended to be-minimally a
minimum of 180 s (60 s for the transient response of the flickérmeter’s filters and 120 s for the duration of {he
statistical evaluation of the flicker level in block d, see Ay2.5). First of all, the transient response of the light
flickermeter’s filters-shatl should be considered, which, is\dominated by the illuminance adapter (block a, qee
A.2.2). The time constant of this filter is set at 10 s,\reaching the 90 % of the value corresponding to t{he
steady state response at approximately 50 s. In addition, the evaluation period should contain an integer
number of voltage fluctuation periods. For the et of test modulation frequencies given in this table, the
minimum duration to achieve an integer number of voltage fluctuation periods in all the test cases is 120 s.

Recommended absolute tolerance for the duty cycle is +2 pp, for the modulation frequency the recommended
tolerance is 1 % and for the relative voltage fluctuation the recommended tolerance is £5 %.

€ | The 33 1/3 Hz and 40 Hz modulation frequencies should be synchronous with the supply frequency|of
respectively 50 Hz and 60 Hz with a'fixed phase angle as defined by Equation (1).

The light flicker specificationssin’this document are expanded such that it is aligned with the voltage flicker
specifications given in IEC(61000-4-15, which is limited to 120 V and 230 V, 50 Hz and 60 Hz. No voltdge
fluctuation tests are available yet for 100 V, 200 V and 277 V. However, in practice the test specificatigns
given in this table for. 120 V and 230 V can be applied for 100 V and 200/277 V respectively for indicat|ve
purposes.

7 | Test setup and equipment

7.1 General

The block diagram of the test setup is shown in Figure 3. One can distinguish three parts in
the setup:
a) generation of the test voltage,

b) application of the test voltage to the EUT, photometric measurement of the EUT in an
optically shielded environment,

c) measurement and control equipment.

Note that the same setup is used to measure the intrinsic flicker performance of a lighting

LM

equipment, P, with the omittance of the application of the modulation.

More details of the equipment properties are described below.
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Figure 3 — Block diagram voltage-fluctuation immunity test
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NOTE The same block diagram can be used to measure the intrinsic flicker metric of a light source. In this case

the voltage fluctuation is not applied, and the outputs of the data processing block are PS'{M and Ps\t/ (N)

7.2 Test voltage

The test voltage, which consists of the mains voltage with a rectangular amplitude modulation,
can be synthesized using a waveform generator and an amplifier. This may be implemented
also by using a separate waveform generator for the modulating signal that is applied to a
generator that makes the 50/60 Hz mains signal.

It [S 1mportant that the equipment for generaiing the ampliiude modulation Is capable] of
generating voltage fluctuations well below the lowest test level of d = 0,275 % at 8,8 Hz (gee
Taple 1).

Care should be taken that no other disturbing signals than the amplitude modulation are
prgsent (see 6.2 and 8.4 for the verification).

The characteristics of the test voltage should be verified by either measurement through |an
os¢illoscope (see 8.3) or by direct application of an flickermeter spetified in IEC 61000-4115

7.3 Optical test environment

The illuminance of the EUT is-te-be measured for processing by the light flickermeter. There
is mo need for measuring the absolute value. Only the relative illuminance is-to-be determined.

The EUT and the light sensor are-to-be located_in/an optically shielded environment to avpid
disfurbances from light sources other than the EUT.

The test environment should also be mechanically robust to avoid vibrations of the EUT gnd
light sensor that may give rise to unwanted variations in the illuminance.

It s recommended that the light-output of the EUT is measured indirectly via a reflect|ng
sufface. This is especially truevfor lighting equipment with a spatial distribution of light
solirces (e.g. TL, TLED, 2D LEDP matrix).

An| integrating sphere, ‘'such as an Ulbricht sphere, may be applied. This—may can |be
co:l:venient because-then the orientation and alignment of the EUT with respect to the light
sefsor is less critical:

7.4 Lightsensor and amplifier

A photodiode with a filter and an appropriate amplifier is—te—be applied for measuring the
illu['ninance (or more specifically: the relative illuminance) of the EUT.

The photodiode, optical filter and amplifier combination should satisfy the following
characteristics:

a) the optical filter should match the photodiode to the eye sensitivity curve of CIE 1931
which is the CIE 1931 standard observer function specified in ISO/CIE 11664-1:20072019
[2];

b) the cut-off frequency of the amplifier should enable measurement of all flicker-relevant
frequencies. A cut-off frequency of 2 kHz is recommended;

c) the output voltage of the amplifier should vary linearly with the illuminance and no offset-
voltage should be present.

Care should be taken that no clipping of the measured waveform takes place due to a wrong
amplifier gain.
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7.5 Signals to be measured

The output voltage ug(r) of the light sensor amplifier is measured as a function of time over a
period Tyt The output voltage ug(¢) varies linearly with the illuminance E(z):

ug(t) = Cp - E(t) is measured between 0 <? < Tigg (6)

where C, is the constant including the gain of the amplifier and which relates the output
voltage of the light sensor amplifier to the illuminance.

In gddition, the mains voltage including the voltage variation u(¢) is measured over the same
time period.

The signals can be measured with an oscilloscope. It is recommended to apply-an‘appropriate
low-pass filter in the oscilloscope to limit the noise.

The measured signals are-to-be recorded for further processing.

7.4 Signal processing
7.9.1 Anti-aliasing filter

The light output of some types of lamps may contain spectral components at frequencies well
abpve 100 Hz (kHz-range) that are not producing visible flicker. Depending on the sampl|ng
frepguency (see 7.6.2) these higher frequency componénts may be undersampled and this may
legd to aliasing which gives artefacts in the light sensor signal. It is recommended to avpid
su¢h aliasing effects by application of a low-pass filter between the amplifier output of the
ligiht sensor and the measurement system.

EXAMPLE A 15t order low-pass filter with 3 dB cut-off frequency of 1 kHz will attenuate a factor 10 at 3 kHz. [For
3 kiHz, the sampling frequency is then at least 6. kHz.

7.4.2 Sampling frequency

For processing of the signals, in accordance with the Nyquist criterion, the sampling
freguency-shall should be-at\least twice the bandwidth of the signal, which is approximately
twice the highest frequency-within the signal to be measured.

The mains voltage.signal of 50/60 Hz with amplitude modulation ranging from-8;5 0,3 Hz up to
40|Hz has a spectrum of interest up to the sum of the mains and the modulation frequengy.
Hence, the frequency range of interest of the mains voltage signal extends roughly up| to
100 Hz.

The iluminance signal has a spectrum of interest that is at least twice the spectrum of the

mains_signal for incandescent lamps. For non-incandescent types of lighting equipment, mych
hi%m se

much higher frequencies are not of interest for flicker, these should be filtered before
sampling (see 7.6.1).

Interharmonics may also cause beat frequencies that may produce light flicker.

Still for calculating flicker, the highest frequency of interest is determined by the highest
modulation frequency, the mains frequency and the possible interharmonics. The flickermeter,
and also the light flickermeter contain a bandpass filter (0,05 Hz to 35 Hz), see Annex A.

Although the highest frequency of interest in the illuminance signal is limited to approximately
200 Hz, the way the various digital filters are implemented usually requires oversampling and
therefore much higher sampling rates (see [8][11]).
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For the MATLAB®2 implementation of the }EC-614000-4-15 IEC 61000-4-15 flickermeter given
in [13], a sampling rate of at least 2 kHz is recommended. Therefore, for the light flickermeter,
a sampling rate of at least 4 kHz is recommended as the bandwidth of the illuminance signal
resulting from the mains voltage and its fluctuations is approximately twice the bandwidth of
the mains signal. As explained in 7.6.1, the sampling frequency-shall should be selected also
in conjunction with the cut-off frequency of the anti-aliasing filter applied. For practical low-
pass filters with a cut-off frequency around 1 kHz, a sample rate of at least 10 kHz is
recommended.

An example of a recorded illuminance signal over a period of 1 s is given in Figure 4. The
10z Tippte,—which s typicat—for amimcandescenttamp, and—the—additiormat—modutatjon
requlting from the amplitude modulation of the mains voltage at 8,8 Hz (d = 0,275 %)\ are
clefarly visible.

7.4.3 Signal resolution

As|a result of the recommended Ps\{ (N)-reise level of 0,2 (see 6.2), the uncertainty of the

relative voltage fluctuation should be 0,2 times the lowest level of \the relative voltdge
flugtuation, which is-0;2 0,275 % at 8,8 Hz amplitude modulation. Henlce-the uncertainty of the
relagtive voltage fluctuation should be less than 0,055 % (-65 dB),.This means that in caseg of
application of an AD (analogue to digital) convertor, more than<1Q bits is required (signalto-
qugntization-noise ratio for 11 bits = —-66 dB).

2 MATLAB is the trademark of a product supplied by The MathWorks, Inc. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the product named.
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A
60 W incandescent lamp: mains 230 V/50 Hz and rectangular amplitude modulation 8,8 Hz and 0,275%
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Q
% T 60 W incandescent lamp: mains 230 V/50 Hz and rectangular amplitude modulation 8,8 Hz and 0,275%
£ T T 7 T 7 7 T 7 1
§ ] : ' 1
br— , | |
v, | | [ | | | f f | !
©
[0]
o
08 -
06 4
04 « ~
1
02 - - e
0 | | | | | ! ! 1 : |
0 0,2 0,4 0,6 0,8 0,1 0,12 0,14 0,16 0,18 0,2
Time [s)
IEC
c) Same as b) zoomed over 0,2 s and vertical range from 0 to 1,2
Figure 4 — Example of a recorded mains voltage fluctuation
and illuminance signal of a 60 W incandescent lamp
8 | Verification procedure
8.1 General
The test is subject to uncertainties. Annéx B gives an overview of the main influence
quantities for the uncertainty.
In |Jorder to limit uncertainties of-the test, it is recommended to perform a number| of
velfification tests at regular intervals.
The verification tests are deseribed in the following Subclauses 8.2 to 8.7.
8.2 Light flickermeter
Verification of the) light flickermeter may be performed using the procedure given|in

Clause A.3.
It Is recommended that the outcome of the verification satisfies the following for all test
frepuencijes given in Table A.1:

= A 1009055

M ()~ P
TX1OO%<5% (7)
Py (E)

where
o PRV (E) . . N -
K is the flicker severity value of the standardized illuminance waveform E(¢) applied;

see Equation (A.7), and
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LM
Fst is the value measured at the output of the light flickermeter using
PSE =
LM -
Pq ' (E) = a,
fofo——rr—rart23—4and-5
where « is the fixed multiplication factor with which all the di values given in Table &:1%hg

(8)

te-pe are multiplied.

8.3 Mains voltage parameters without modulation

8.3.1 Nominal voltage level

Th

Iti

e RMS-level of the mains signal should be measured when no modulation is applied.

5 recommended that the RMS-value satisfies:

U[RMS] = (120 + 0,5 %) V or (230.£ 0,5 %) V.

8.3.2 Mains frequency

\

)

8.4.

It
ap

rify that the mains frequency f satisfies the following:

f=(50+0,5%)Hzor (60 £ 0,5 %) Hz. (

8.] Voltage fluctuation level
1

General

plied. Two options can be used for this verification.

8.4.2 Option 1: measure the actual modulation frequencies and voltage levels

Ve

rify that the.modulation frequencies f,,, given in Table 1 satisfy the following:

Jfm is within £1 % of the nominal values given in Table 1.

s important to verify thé level of the voltage fluctuation when a certain modulation| i

e

(9)

Apply a 1 % rectangular modulation at a frequency of 2 Hz. Measure the overall change of the
peak value of the mains voltage at a transition. This voltage change should be-{see-Table-1):

Au=(120 x 1 %)V x¥2 = (1,70 £ 2 %) V or (11)

Au=(230x1 %)V xV2=(3,25+2 %) V.

8.4.3  Option 2: measure pY values using a flickermeter

A flickermeter can be applied for verification of the voltage fluctuation levels as follows.
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Measure the flicker noise level of the mains (PS\{(N)) using the flickermeter, when no
modulation is applied. Verify that (see 6.2)

RY (N) <0,2. (12)

Apply rectangular amplitude modulations to the mains in accordance with the specified test
levels given in Table 1. Measure the actual flicker level using the flickermeter (Ps\t/ ) and verify
whether the mains signal including the voltage variation satisfies the following (see Table 1):

R {1£5)
PY =1+0,05. (13)

8.9 Light sensor and amplifier

Vefify the absence of an offset voltage by covering the light senasor such that no light gan
enfer the photodiode. Verify that voltage at the output of the amplifier is less than 0,1 % of the
maximum voltage level of the amplifier (within its operating range).

Verify the linearity of the sensor by positioning the photediode at different distances, », from a
stgble small light source in an optical chamber. The AMoltage should vary linearly with 1/-2.

NO[TE Measurements of photodiode voltage are made at'distances such that the inverse square law applies within
pragtical limits. In general, the test distance is preferablyrnot less than 15 times the maximum dimension of [the
light emitting area of the light source (Ref CIE 121: 1996,"Clause 6.2.1.4).

Verify the clipping level of the voltage output of the amplifier, and make sure that tests are
exgcuted below this level.

8.6 Test environment

Ingtall the light sensor in thetest environment where no EUT is present or in operation. Clgse
thg optical test environmen¥’and put all (other than the EUT) test equipment into operation.

Verify the absence of electromagnetic disturbances and/or unwanted light ingress in the
oplical test environment by checking the voltage signal at the output of the amplifier.

E

dctrical shielding of light sensor and amplifier is highly recommended.

8.7 . Light flicker noise

In theory, if the illuminance from the EUT were constant, then PSLtM = 0. In practice however,
the light sensor and its amplifier and the light flickermeter may give a non-zero result if the

illuminance is constant. This is called the light flicker noise level PSLtM‘ _ PSLtM(N). It should
—_noise_
be noted that this noise level differs from the noise Paf Ry (N) due to residual voltage
noi

variations of the test signal (see 6.2 and 8.4.3).

The light flicker noise level PSLtM‘ _ PSM(N) can be verified as follows.
—__noise.
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Install a suitable AC-fed light source, either an incandescent or halogen lamp.-Feed Power

the

lamp with a constant voltage without modulation.

Measure the illuminance and determine the PSLtMaetuwaJ—Pst-level using the light flickermeter
and verify whether the actual level satisfies the following:

M <0
noise

PM(N) <0,1. (14)
9 | Test procedure
9.1 General
Seperal quantities, such as mains voltage fluctuations, light regulation,\colour setting and Idad
haye an influence on the PSLtM of lighting equipment. A minimdm. set of test conditions| is
specified in Table 2. Annex D gives guidance on the tests that need to be performed per EUT
type when a certain test type is required to be measured.
The following procedure for execution of a test is recommended:
a) | mount the EUT in the optically shielded enclosure;
b) | switch on the EUT and apply sufficient stabilization time;
A lifthe EUT has 3 liaht reaulationfunction=then-the liaht outnut showld be set 3t 50 9% of e
cifthe- EUT has-a light regulation-function-then-the light cutput should-be-set at 50- % of the

. I o 0.5 is):
c) |depending on the type of lighting egiiipment, choose the test conditions from Table 2;
d) [apply the recommended settings for the data acquisition (duration test, sample rgte,
filtering), see 7.6;
e) |if applicable, set the testwoltage in accordance with the recommended values of Tabl¢ 1
(Ps\t/ = 1) in order to detérmine the Ps"tM (1) of the EUT; for guidance see Table 2;

f) [measure the Ps"tM levels of relative illuminance waveform.
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Table 2 — Guidance for PSLtM testing

Mains
With voltage
EUT °d Light regulation test condition fluctuations
Stable
VvV o_
Fst =1
Non-dimmable Not applicable LM LM
Fyt Fo ()
(9.2) (9.3Q
Dimhmable with External light regulation is not connected (100 % light output) PLM v
exfernal light st @/(I
redulation®
1 (9.2) A(',Q (9.3)
External light regulation is connected (100 % light output) LM q?\)
Fi" (©)
N N.A.
’
N
Ve
External light regulation is connected (50 % light output) N LM a
N st (C)
© N.A.
A\Q‘ (9.4)
Dimhmable with Internal light regulation is set to 100 % light output C) P|_|v| P|_|v| |
integrated Iight st st (
redulation © A\
,S\\ (9.2) (9.3)
Internal light regulation is set to 50 % Iigthtp\}ut P|_|v| P|_|v|
Q st st (
R Q (9.2) (9.3)

N

N
2 |The test should be performed to give information ré@ding the compatibility between the light source and the

external lighting regulation equipment. QO

Controlgear should be connected with the maxithum load (maximum power — as a combination of voltage and
current). §

¢ |If applicable, colour settings are fixed a@gte or default.

If other test conditions are applied (a@ in the case of battery-operated equipment or the application of voltage
fluctuations that represent mains(signalling) then this should be indicated in parentheses. It should also|be
explicitly mentioned in the te t@p rt.

¢ |Lamps connected with extevCal phase-cut dimmer.

Controlgear with inter@&atb control the lighting, e.g. IEC 62386 (all parts).
Y

An|example @ést of a7 W LED lamp is given in Annex C.

9.2 &&uring the intrinsic flicker performance

Th 3\6’9m flicker measurement when carried out with a stable mains (and thus, without the
application of voltage fluctuations) gives the ntrinsic 1Mcker performance oi the EUT. The EUT
can be a non-dimmable lighting equipment, an externally dimmed lighting equipment in which
the external light regulation is not connected, or a lighting equipment with intrinsic light
regulation at 50 % and 100 % light output (see Table 2).

The block diagram of the measurement setup is given in Figure 5.
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9.3

Th
of

The

L0

NO
per
per
par

NO
100

Th

ex{ernal light regul@

EUT
Stable Lighting ) LM
mains equipment —»  Lightoutput —» Data processing ——» Pg
IEC
Fi . LM
igure 5 — Measuring Fg
? 7 ’ <

b flicker immunity of an EUT against voltage fluctuations can be tested with the a@}e’at
b specific set of defined voltage fluctuations to the stable mains (see Table 1). Q

block diagram of the measurement setup is given in Figure 6. (19

’
EUT b/‘\
N
table O Lighting —» Lightoutput ——p @aprocessing —>» PLM()

hains equipment
\<</

Voltage S\

fluctuations
«°
20

Figure 6 — Mea%

B ()

TE 1 For dimmable lighting equipment for whl?cgg external light regulating device is required, this test is ¢
ormed without physically connecting the light ulating device and at 100 % light output level. This test is
ormed when external light regulation is us r dimming purposes since it is not possible to distinguish wi
(light regulation or lighting equipment)ii\%ceptible to the voltage fluctuations.

E 2 For dimmable lighting equip@t with integrated light regulation, this test is performed at 50 %

% light level.
O

9.4 Dimmer compatibi@testing

s test gives an ||$sation regarding the compatibility of the lighting equipment and
applied.

on

nly
not
ich

hnd

he

Tepting is dc@ 100 % and 50 % light output level as described in Table 2.
The blo lagram of the test setup is given in Figure 7.
Th=}§é ificati f f Lligt lati | d . i
report.
Auxiliary
equipment EUT
Stable External Lighting Light Data
mains light regulation > equipment » output > processing » PslfM

Set to 50% light
output level

Figure 7 — Dimmer compatibility testing

(©)

IEC
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9.5 Controlgear testing

The flicker performance, Ps"tM of a controlgear can also be determined using the same method

by

connecting a typical light source (maximum load). Note has to be taken that the choice of

the light source is crucial since its electrical properties (e.g. capacitance) will have an effect

on
sel

magnitude and shape of the measured light waveform. Furthermore, it is recommended to
ect a number of points within the specified operating window of the controlgear. The

combination of the controlgear and the light source is considered as a system under test
(SUT), see Figure 8, and treated as an EUT for testing according to Table 2.

NO
ext

E Generally, controlgear are either non-dimmable or have an integrated dimmer. The situation in whichl an
ernal light regulating device is applied in front of the controlgear generally does not occur and hence need |not

be {ested.
e 1
| |
| Auxiliary |
: EUT equipment :
| I
| : | ;

Stgble eg. Light Light Pata M

mgins I controlgear " source I output processing P

(without voltage
| | fluctuations
| | applied);
| I
| | P (1)
e = o (V\{ithFhe
Voltage SUT — System under test a””v':jfa‘g’e” of
fluctuations fluctuations)  |,z¢
Figure 8 — Controlgear testing
10| Conditions during testing
The EUT should be tested within its intended operating and climatic conditions.

An
Th

time required.

Th

appropriate stabilization time (should be applied for the EUT before execution of the tgst.
e specification of the EUT ‘or. the type of technology may indicate the typical stabilizat|on

e EUT should be operated as follows.

The test should jbe applied while the EUT is operated as intended under normal operatjng
conditions @s\laid down in the relevant product standard at stabilized luminous flux and at
normal laberatory conditions.

Testing.is recommended at one combination of supply voltage and frequency, as specifled
by the 'manufacturer.

An"EUT that includes a light-regulating control should be tested at a light output level of
50 % + 10 % of the maximum light output. If a light output level of 50 % is not available for
the EUT that includes a light regulation function (in case of discrete steps), the test-shall
should be done at the level which is closest to 50 %. If two steps equally distant to 50 %
are available, the lower level (<50%) should—shal be used for the test (see
IEC 61547:20092020[1]).

Luminaires and independent auxiliaries should be tested with light sources for which they
are intended. Where such equipment can operate with light sources of different-wattages
power, a light source of-minimum maximum wattage is recommended.

If light sources can operate at different colours, select-the-celourthat-gives-the-maximum
lightoutput-{modulation-off) white or default.
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11

Evaluation of the test result

fol

L
Fg
to

L
Fg
be

L
Fg
WO

12

en the measured PSLtM-IeveI is equal to 1, it means that-in 50 % of the cases flickel is
perienced and in 50 % of the cases no flicker is experien€¢ed by an average observer.

he case where voltage fluctuations are applied (Ps\t/ = 1), the results can be interpreted|as

ows.
5 () = 1, the flicker produced by the EUT-and experienced by an average observer is eqpal
hat of a 60 W incandescent lamp.

5 (1) <1, the flicker produced by*the EUT and experienced by an average observer i$ a
ter flicker than that of a 60 W #icandescent lamp.

5 (1) >1, the flicker produced by the EUT and experienced by an average observer i$ a
Ise flicker than that.of a 60 W incandescent lamp.

Test report

b test report should contain all the information necessary to reproduce the test.|In
ticular, it is advised to record the following information:

idantification ~f th ELIT
=T

nad anyv accaoniatad Ao i ANt £ mud and o  ~rad Ct
T T T T o, pPTrot

a a
TOCTI T o O troTT OT 1o arra

type, serial number;
the relevant operating conditions of the EUT (light output level);
the specifications of the type of external light regulation used, when applied;

the types of interconnecting cables, including their length, and the interface port of the
EUT to which they were connected;

any specific conditions for use, for example cable length or type, shielding or grounding,
or EUT operating conditions, which are essential for voltage-fluctuation immunity
performance;

the warming-up time of the EUT if applicable;
identification of the test equipment, for example brand name, product type, serial number;
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h) any specific conditions necessary to enable the test to be performed;
i) the nominal mains test frequency and voltage applied;

j) the applied disturbance signals (modulation frequencies, relative modulation levels) or
explicitly state the absence of disturbance signal;

k) the duration of the test for each disturbance signal;
Ph-evels).

[) the measured PSLtM, RSLtM (1) and PSLtM (C) level(s) for each performed test.
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Annex A
(informative)

Specification of the light flickermeter

A.1 Voltage flickermeter modifications

The voltage fluctuation immunity test of the EUT during the test is done in an objective way by

IEC 61000-4-15. This is done by measuring the |IIum|nance variation of the EUT and applyjng
it fo an adapted flickermeter which uses illuminance as input instead of the voltage,(q4ee
Fidure A.1). llluminance flickermeters or light flickermeters are described in various. papers
[3][5][6]. The modification can be implemented by skipping the parts of the incandescent lamp
mqadel inside the-current flickermeter (Figure A.1) [20].

]
[]
oltage | —T——{-\oltage Ulator with || 3 _ N——— | |
signal_|__1—t-=adapter i ultiplier [~ ¥~ |15t order high-pass filter P16 order low-pass filter
[]
[
Block 1 Block 2 Block 3
1 '] /\
P . ) H 1 !
[E‘_ Stat;sf}!ckeva:luat:on H e Squaring ; Range %:(SE)) n \
Py ottlickerieve Il 15t order low-pass filtef multiplien]>g | selector Weighting filter /
1 ! ghting p
Block 5 | Block 4 Block 3

v
Output 5

Eye-brain system
filter (Does not
depend on the X

lamp type)

L responise R
filter ends _ Weighting filter
on the'lam e)

EC

Red blocks indicate the incandescent-lamp specific blocks.

Figure A.1 —Structure of the IEC 61000-4-15
flickermeter that uses voltage as input

Thls means that the first two blocks of the standardized flickermeter are not applied and part
of fhe third block'is’also omitted (see Figure A.1). The papers [3][5][6] describe in detail hjow
to |delete' the famp response properties from the flickermeter.

Block ¢ = Block d =
Block a Block b Block 4 Block 5
dB dB Sq‘;fﬁ
| i mua:; Statistical
- npu evaluation of
—»{ illuminance [P - 1st orde( low- —p the flicker —>pS|EM
adapter 0,05 35 Hz 8,8 Hz pass filter level
and
Demodulation and eye-brain response filters scaling
ug(r) E(1) P

llluminance voltage
IEC

Figure A.2 — Structure of the light flickermeter based on a modified voltage flickermeter
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A.2 Specification of the light flickermeter

A.2.1 General

The various blocks of the light flickermeter depicted in Figure A.2 are specified in detail in
Section 2.2 of [6]. More details on the functions of blocks a to d are given in A.2.2 to A.2.4.

A.2.2 Block a: illuminance adapter

This block contains an illuminance adapting circuit that scales the voltage ug(s) that is
prdportional to the ilMuminance to the DT value:

E(I)zuE—(t)
mean(ug(t)) (A1)

The DC value can be obtained using a 1St order low-pass filter transfer function with
freguency response as follows:

1

Fipsc(s)=—————
LPsSC S+ (A.2)

where
s is the complex Laplace variable, and
IASC s the filter time constant set at 10 s.

The corresponding filter cut-off frequency.is~0,016 Hz.

Applying the signal normalization makes the flicker perception independent of the illuminance
leviel.

A.2.3 Block b: weighting'filters

The first part of block b is, identical to the first part of block 3 of the flickermeter. This first part
indudes a 18t order_high-pass filter with a 3 dB cut-off frequency of 0,05 Hz and a 6t" order
low-pass (Butterworth) filter with a 3 dB cut-off frequency of 35 Hz for 230 V/50 Hz systems.
Seg IEC 61000-4-45:2010, 5.4.

The second)part of block b is an eye-brain response weighting filter FLM(s). It can |be
obfained by applying the weighting filter /g (s) of the voltage flickermeter, compensated [for
thg «analog frequency response Fg| (s) of the reference 60 W incandescent lamp (gee
Figure AT):

LM FE(s)
Fyr(s) = Pl (5) A3

The transfer function FRyYe(s) of the standard voltage flickermeter is—defined specified in
IEC 61000-4-15:2010, 5.5.

For the analog frequency response Fg (s) of the reference 60 W incandescent lamp, the
following 2nd order low-pass filter transfer function is used (see [6]):
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K

Fr(s) = 5

where

K =3,57,

7.1 = 0,02 ms?, and

2 =212 ms

After substitution of Equation (A.4) into Equation (A.3) the weighting function FEM(s)\of the
seg¢ond part of block b can be written for a 230 V/50 Hz system as follows:

0,041 661-5* + 44758 .52 +2 715652 + 29 839 -5

LM
Fye(s) =
s*+196,32-5% +11781-5% +534 820 5 +3 505 380 A 5)

A.2.4 Block c: squaring multiplier, sliding mean filter and scaling

Blgck ¢ has the same function as block 4 of the " flickermeter specified |in
IEC 61000-4-15:2010, 5.6.

The output of block c represents the instantapneous flicker sensation Pj,g. In the
IEC 61000-4-15 flickermeter, the output of block 4 is“normalized using a scaling factor to gjve
a VYalue of P;,i; =1 during a 10 min flicker testSwhen a sine wave modulated 50 Hz input
signal, with a modulation frequency of 8,8 Hziand a modulation depth of 0,25 % is applled
(sge [10] for more details). The scaling factor<$“accounts for the magnitudes of the frequency

regponses of all the filters applied.

Aldo for the light flickermeter such a@caling factor-has—te should be applied. To obtain the §
value for the light flickermeter, the~illuminance waveform of an incandescent lamp subjecte
to fhe same voltage signal used«in the adjustment of the IEC 61000-4-15 flickermeter,-hag-to
should be applied:

E(t) = {1+ (dg /2)- sin(afyn)} (A.6)

where

E(4 is the relative illuminance that-shal-preduce produces P, = 1 at the output of blocK c,
seeEquation (A.1),

Jm F 8,8.Hz and is the modulation frequency = 1/T,,,

dE-- 0,630 % and is the relative change of the sinusoidal modulation of the Hluminancel in

percentage.

NOTE The value of the illuminance relative amplitude (dg = 0,630 %) was obtained from the average results of a
sample of ten different 60 W incandescent lamps.

A.2.5 Block d: statistical analysis

Block d has the same function as block 5 of the flickermeter specified in
IEC 61000-4-15:2010, 5.7.

The output of block d represents the short-term flicker severity piM.
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In order to ensure that the calculation of the short-term flicker severity pM is performed

during the steady-state of the flickermeter’s filters, the first 60 s of the instantaneous flicker
sensation Pj,s, mainly corresponding to the transient response, should be discarded (see
footnote c of Table 1).

A.3 Verification of the light flickermeter

The light flickermeter can be verified by applying standardized illuminance waveforms of
which it has been demonstrated that it gives piM-levels exactly equal to 1. This is done by
applying a test voltage ug(r) that consists of a DC component plus a 100 Hz-ripple thaf is
redtangular modulated, as described in Equation (A.6), with the modulation parameters |as
given in Table A.1.

E(t) = {1-(d, 12)- cos(2f;t)}- {1+ (dg 1 2)- signum (sin(27fimt))} A7)

whre

E(4) is the relative illuminance; see Equation (A.1),

e equals 100 Hz and is the frequency of an illuminance ripplé.added to the DC value,
Jm| is the modulation frequency = 1/T,,,

equals 22 % and is the relative change of the 100 Hz-illuminance ripple in percent,
dg is the relative change of the rectangular modulation of the illuminance in percent,
sighum(x) = the signum function, signum(x) = 1fof x > 0

signum(x).50 forx =0

signum(x) = -1 for x < 0.

Alljtest frequency and relative illuminance level combinations should give a short-term flicker

value of exactly ptM = 1 when applied-to the light flickermeter.

Table A.1 — Test specification of illuminance fluctuations
for lightmeter classifier

Rectangularamplitude modulations with duty cycle of 50 %; see Equation (A.7)
Changes per.minute Modulation frequency Relative illuminance change

Jm dg
epm Hz %

39 0,325 0 2,538 6

110 0,916 7 2,047 3

1056 88 0,683 2

1620 13,5 0,778 0

4 000 33,3 2,0027

The values given in Table A.1 specifically apply to a rectangular waveshape. Note that the
response of the flickermeter depends on the type (waveshape) of modulation in which the
modulation depth (in percent) is half of the voltage fluctuation (de), see Equation (4) and
Figure A.3.
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Figure A.3 — Flickermeter response to differefﬁ\%;veshapes

A.4 Example of ptM implementation in MATLA8@\

L

example of ptM implementation is given on MQ@B(@ Central [21].
A\

Y

Hz)
IEC
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Annex B
(informative)

Uncertainty considerations

B.1 General
Annex B gives information related to uncertainty of the piM result of a voltage fluctuation

impromity—test—Gemeratmformatiomomuncertainty—considerations—ofmmunity—tests—cambe
foynd in IEC TR 61000-1-6 (see Clause B.64).

B.2 General symbols

X influence quantity

X, estimate of influence quantity X;

o, correction for influence quantity

u(x;) standard uncertainty of x;

¢ sensitivity coefficient

y result of a measurement (the estimate of(the measurand), corrected for all
recognized significant systematic effects

ud(»v) combined standard uncertainty of y

Uly) =k -ug(y) expanded uncertainty of y
k coverage factor = 2

B.3 Measurand

The measurand associated with‘the voltage fluctuation immunity test is p{M, the short-tgrm
flicker metric.

B.4 Influence quantities

Taple B.1 givesythe' list of influence quantities that should be considered to derive the ovefall
ungertainty of, ptM.

All|thesinfluence quantities of the mains supply and the disturbance may be integrated into
one uncertainty value of the pY level associated with the test voltage.

The EUT is an important, but also a difficult source of uncertainty, because the correction-may
can vary significantly as a function of EUT technology. Generally, the correction factor for SSL
types of EUTs is much less than 1. This means that uncertainty contribution from the EUT is
damped. For an incandescent lamp, the correction factor is 1. This means that the
uncertainties of the mains supply voltage and its voltage fluctuation disturbance is transferred
to the outcome of the test with a gain of 1.

For the sake of simplicity, in the remainder of Annex B the uncertainty budget will be
considered only for the reference 60 W incandescent lamp.
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Table B.1 - Influence quantities and their recommended tolerances

st=

Main category Subcategory Importance Nominal value Recommended
tolerance/value
Mains supply Nominal voltage Minor 230V +0,5 %
Frequency Minor 50 Hz +0,5 %
Voltage fluctuation |Waveshape Minor <0,5ms
(transition time)
Modulation frequency | Minor See Table 1 +1 %
Refrative vortage Rerativety tTmportant [ See 1apte | 5 %
fluctuation
Duty cycle Minor 50 % +2 pp
Noise level of the Minor if d < n.a. < 0,055
relative voltage 0,027 5 % (0,1 times
fluctuation lowest value of d)
P of the voltage Replaces all above Relatively important |1 5%
s given influence
flulctuation quantities for the
voltage fluctuation
Noise level Relatively important |n.a. <0,2
EUT Technology For a 60 W- n.a. n.a.
incandescent lamp,
the voltage
fluctuation is linearly
transferred
Warming-up time Can be made Technology n.a.
negligible, but/may dependent
be important, if
ignored
Dimming level Important 50 % of max. light +10 %
output
Light sensor, filter |Sensitivity Minor if nominal
anfd amplifier levels are well above
noise level
Linearity/offset Generally minor
Optical filter Minor if compliant
with CIE sensitivity
curve
Bandwidth Minor if > 2 kHz n.a.
recommended value
Tept environment Optical noise Can be made 0 n.a.
negligible
EM disturbances Can be made 0 n.a.
negligible
Tept procedure Duration test Minor if larger than In relation to
r both the transient of | modulation frequency
“IU iisililllctcl IrI“.UI
and the time period
T, corresponding to
the modulation
frequency
Sampling rate Minor, if the rate
satisfies the
recommended value
in conjunction with a
suitable anti-aliasing
filter
Light flickermeter Noise level 0 <0,1
Implementation To be determined by |P_=%, 2, 1,2,3,4, (15 %
5

uncertainty

verification test
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B.5 Uncertainty budget

The second step in assessing uncertainty is to specify a mathematical model that combines
the aggregate effect of the major influence quantities on the overall uncertainty to estimate
the combined standard uncertainty u;. A simple multiplicative model will suffice for most
scenarios—Fhe-model:

0
Pyt = F5t.G1.G2 -Gy

(B.1)
whlere:
PSQ is the true value;
Py is the measured value;

G4G, --- G, are multiplicative corrections (with associated uncertainties) .due to the mgjor
influence quantities.

WHen testing an incandescent lamp, the major uncertainty contributiens are

e |the uncertainty resulting from the test voltage (TV): 5PSTtV ;

e |the uncertainty of the light flickermeter (LFM): 5PSLtFM;

e |the uncertainty due to the noise (N) of the test voltage: éPs'\t‘.

The overall uncertainty, can then be expressed as:

By = Py M (10RLY)- (1 6BETM) - (1+ 6RY) (8.2)

Supsequently, the expanded uncertainty is calculated in the logarithmic domain (gee
IEC 61000-1-6 for details).

The tolerances of the light\flickermeter and the test voltage, respectively £0,05 and +0,02, gan
be|applied directly in the uncertainty budget with the same magnitude (normal distribution).

The uncertainty ‘contribution from the test voltage fluctuation noise level (0,2) can |be
esfimated as«follows. The combination of two illuminance fluctuations having different
flugtuation frequencies follow the quadratic addition law (Aileret), see Equation (3) in |9].
Hepce, forsan incandescent lamp the combination of two voltage fluctuations also follow the
quadraticssummation law. So, the uncertainty resulting from adding a residual (noise) voltgge
flugtyation to a wanted voltage fluctuation level can be calculated from

PN =4(0,2)2 +12 120,02

When filling out the three major contributions to the uncertainty, the uncertainty budget given
in Table B.2 is obtained.

Hence, the expanded uncertainty for Pg is U, = +0,07. The two major contributors to the
uncertainty are the light flickermeter and the test voltage.
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Table B.2 — Uncertainty budget of the voltage fluctuation immunity test

Input quantity X Uncertainty of Uncertainty of x; ¢ u(x) ¢ u(x)
X.
1
(plus/ (minus) (plus) (minus) (plus)
minus)
linear dB dB Probability divisor dB dB
distribution k
function
Uncertainty r?PLFM 0,05 -0,5 0,42 normal 2 -0,22 0,21
light St

flickermeter

Ungertainty TV 0,05 -0,45 0,42 normal 2 -0,22 0,21
from the test éPst
volfage

Ungertainty N
tesL voltage 5Pst
noige

0,02 0,00 0,17 normal 2 0,00 0,09

Combined u 0,32 0,31
staphdard
ungertainty
(S¢U)

Expanded U 0,07 0,63 0,63
ungertainty

A

sensitivity coefficients ¢, are assumed to be equal to 1.



https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369

—-42 - IEC TR 61547-1:2020 RLV © |IEC 2020

Annex C
(informative)

Examples of test results of lighting equipment

C.1 Test without voltage fluctuations (PsLtM)

PSLtM measurement results of three types of lighting equipment are given in Table C.1. No
volfage modulation is present on the mains i.e. measurements have been performed wit;L a
stgble source.

Table C.1 — Numerical results PSLtM calculations
for three EUTs without voltage modulation

EUT Type pM
1 60 W incandescent lamp 0,025
2 9 W self-ballasted CFL lamp 0,023
3 7 W self-ballasted LED lamp 0,028

C.2 Test with (intentional) voltage fluctuations pSLth' ()]

Py PSLtM (I) measurement results of three types of lighting equipment are given in Table J.2.
Vo|tage modulations in accordance with T.able 1 have been applied to the mains.

Table C.2 — Numerical results PSLtM (I) calculations
for three EUTs with voltage modulation

Modulation frequency Relative voltage

EUT fluctuation PsLtM (|)
Hz %
0,325 0 0,894 1,005
0,916 7 0,722 1,005
1
8,8 0,275 1,009
6Q W incandescent lamp
13,5 0,407 1,013
33,3 2,343 1,042
n"zgt: a) l'\’s'.t(')Al (\’21'7
N 0,916 7 0,722 0,208
9 W self-ballasted CFL 8.8 0,275 0,234
lamp 13,5 0,407 0,284
33,3 2,343 0,536
0,325 0 0,894 0,167
3 0,916 7 0,722 0,166
7 W self-ballasted LED 8.8 0,275 0,188
lamp 13,5 0,407 0,239

33,3 2,343 0,466
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From the results for these specific EUTs one may conclude that EUT2 and EUT3 (respectively
CFL and LED Ilamps) are more immune to voltage fluctuations than the reference
incandescent lamp EUT1.

The results of Table C.2 are also depicted in Figure C.1.

Results voltage fluctuation immunity tests

)
1
0,8 T Py =1
—e— EUT1
= EUT2
a —— FUT3
_0.6
Q:”
»
0,4
yn
0,2
0
100 107
Frequency (Hz) IEC
é; A Results voltage fluctuation imrmunity tests
%‘Js ; z ™11 Y Y : LV 4 Y Y |
o ; ;
? E } 1
1 > : ; TR T TTTITI S e s s e e e aenas e
|
4 ! 5
ds — | S :
‘ i } “ EUT1
: : \ “ EUT2
: x ! T EUT3
0’6 . 1 —~ . . + + . ——a—r——¢ >—d
! _
i -
o4 N\ ‘1 3 /”./.<
| | ' ~
| [ } B .
o2 —— P\ — - B ! -
()
‘ §
a 4 A | -
0 7 >
10 10 Frequency (Hz)
IC
Figure C.1 — Graphical p5V PSLtM(I) results for three EUTs

with rectangular modulation at five frequencies (2 =1)

Records have been made for 60 s with a sampling rate of 10 kHz. Snapshots of the recorded
signals of EUT1 without mains voltage modulation and with modulation are given respectively
in Figure C.2 and Figure C.3. Results of recorded illuminance signals of EUT2 and EUT3 with
mains voltage modulation are given in Figure C.4 and Figure C.5.
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C.3 Test under dimming conditions

Py PSLtM(C) measurement results for four types of lighting equipment under dimming

conditions are given in Table C.3. Dimming level 1 indicates maximum dimming (thus
minimum light output), whereas dimming level 4 indicates minimum dimming (thus maximum
light output). These dimming levels were chosen to gain experience in the response of
different lighting equipment under dimming conditions with an external light regulation device.
The EUT should however be measured at 50 % dimming level as described in 9.1.
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Table C.3 — Numerical results 2, p;M (C) calculations
for four EUTs under dimming conditions

PM(C)
Dimming 60 W inlcandescent 20 W self-ballasted 12 W self-ballasted 10 W self-ballasted
amp CFL lamp LED lamp LED lamp
Level 1 0,270 0,359 0,675 0,539
Level 2 0,132 0,084 0,251 0,165
Level3 6-684 08-83F 8-656 8686
Level 4 0,024 0,005 0,038 0,043

The values of pM given in Table C.3 are depicted graphically in Figure C.6.

=
1‘5 4 PLIM measurements results under dimming conditions
1
—#&— Incandescent lamp
0,9 —e+'CFL lamp —
~u—LED 1
0,8 ~=— LED 2 =
0,7
0,6

o

AN \

0,2

01 \T\‘\

0 L >
1 2 3 4

Dimming level
IEC

Figure C.6 — Graphical p}V(C) results for four EUTs under dimming conditions

From the results for these specific EUTs one may conclude that increasing the dimming level
causes an increase in the measured—2, pM (C) level. Note that the tests have been

performed under stable mains voltage conditions i.e. there are no voltage fluctuations applied
on the mains.
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Annex D
(informative)

Guidance for PsLtM testing based on test type

IEC TR 61547-1:2020 RLV © |IEC 2020

Table D.1 gives guidance on the tests that need to be performed per EUT type when a certain
test type (intrinsic, immunity, dimmer compatibility) is required to be measured.

Table D.1— Guid for oM testing | | it

Test type EUT type @ Apply test with
Light level Voltage External light
fluctuations regulation
(Table 1) device
Intfinsic, PsLtM Non-dimmable 100 %, 5 -
Dimmable with external light 100 %, - -
(sef 9.2) regulation P
Dimmable with intrinsic light 100 %, - -
regulation
g 50 %, o
Immnunity against voltage Non-dimmable 100 %N -
i LM
flugtuations Fst (M Dimmable with external light 1007%, -
ion b
(se 9.3) regulation
Dimmable with intrinsic light 100 %, N -
regulation
g 50 %,
Difimer compatibility p{M (C) [Dimmable with externailight 100 %, - v
regulation 50 %
(sek 9.4) %
Key
\ |is applied

is not applied

External light regulation is physically not connected.

Includes controlgear testing with"typical light source load, see 9.5.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: Objective light flickermeter and voltage fluctuation

. ity tost thod
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris
all national electrotechnical committees (IEC National Committees). The object of IEC.is to prom
international co-operation on all questions concerning standardization in the electrical and electronic fields|
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatid
[Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as *
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereg
in the subject dealt with may participate in this preparatory work. International; governmental and n
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clos
Wwith the International Organization for Standardization (ISO) in accordance-with conditions determined
lagreement between the two organizations.

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

IEC Publications have the form of recommendations for intefpational use and are accepted by IEC Natig
Committees in that sense. While all reasonable efforts are"made to ensure that the technical content of

Publications is accurate, IEC cannot be held responsible™or the way in which they are used or for

misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible i, their national and regional publications. Any diverge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
the latter.

IEC itself does not provide any attestation’yof conformity. Independent certification bodies provide conforr

assessment services and, in some areas,” access to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent c€rtification bodies.

All users should ensure that they‘hiave the latest edition of this publication.

No liability shall attach to IE€\or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
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other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) pnd

expenses arising out®of,'the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn“to the Normative references cited in this publication. Use of the referenced publication
indispensabletfar'the correct application of this publication.

Attention ds\drawn to the possibility that some of the elements of this IEC Publication may be the subjec
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

mam task of IEC technical comm|ttees is to prepare Internat|onal Standards However

EC

data of a different kind from that wh|ch is normaIIy publlshed as an International Standard ror
example "state of the art".

IEC TR 61547-1, which is a Technical Report, has been prepared by IEC techni
committee 34: Lighting.

cal

This third edition cancels and replaces the second edition published in 2017. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous

edi

tion:

a) the scope of this document has been clarified to make a distinction between flicker testing
without voltage fluctuations to measure the intrinsic performance of lighting equipment and

b)

flicker testing in which a specific set of voltage fluctuations are applied in order

to

measure the immunity of the lighting equipment to voltage fluctuations present on the

mains;

the test procedure for flicker testing has been clarified.

Th

4+ £ 4l €I | LR ¥ S b &l +lo £all H ol +
L LCALU UT UlTo 1T ovurtirmnoedarl I\U'JUIL o UVdoTU UIT UI'TT IUIIUVVIIIB UULUUTTITITILO.
Draft TR Report on voting
34/668/DTR 34/701/RVDTR

Full information on the voting for the approval of this Technical Report can\be found in the
regort on voting indicated in the above table.
Th|s document has been drafted in accordance with the ISO/IEC Diréctives, Part 2.
A list of all parts in the IEC 61547 series, published under.-the' general title Equipment |for
general lighting purposes — EMC immunity requirements, can'be found on the IEC website.
The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "httpt//webstore.iec.ch" in the data related to
thg specific document. At this date, the documentwilV’be
e |reconfirmed,
e |withdrawn,
e |replaced by a revised edition, or
e |amended.
INNPORTANT - The 'colour inside’ logo on the cover page of this publication indicatgs
that it contains .colours which are considered to be useful for the corregt
understanding of its contents. Users should therefore print this document using|a

C¢

blour printer.
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INTRODUCTION

The fast rate at which solid state light (SSL) sources can change their intensity is one of the
main drivers behind the revolution in the lighting world and applications of lighting. Linked to
the fast rate of the intensity change is a direct transfer of the modulation of the driving
current, both intended and unintended, to a modulation of the luminous output. This light
modulation can give rise to changes in the perception of the environment. While in some very
specific entertainment, scientific or industrial applications a change of perception due to light
modulation is desired, for most everyday applications and activities the change is detrimental
and undesired. These changes in the perception of the environment are called "temporal light
artetfacts”™ (TLAs) and can have a large influence on the judgment of the light qualjty.
Mareover, the visible modulation of light can lead to a decrease in performance, increaged
fatigue as well as health problems like epileptic seizures and migraine episodes [17][18}".

Different terms exist to describe the different types of TLAs that may be perceived by humaps.
The term "flicker" refers to light variation that may be directly perceived, by”an observer.
"Sfroboscopic effect" is an effect which may become visible for an observer when a moving or
rotpting object is illuminated (CIE TN 006:2016 [26]).

Popsible causes for light modulation of lighting equipment that.may give rise to flicker|or
strpboscopic effect are:

— | AC supply combined with light source technology and its’driver topology;

— |light regulation technology of externally applied light fevel regulators or internal light leyel
regulators;

— |mains voltage fluctuations caused by electiical apparatus connected to the majns
(conducted electromagnetic disturbances) -or*intentionally applied for mains-signalljng
purposes.

Lighting products that show unacceptable)flicker are considered as poor-quality lighting.

Thls document provides a description of an objective light flickermeter and a method |for
measuring the intrinsic flicker of lighting equipment as well as testing the immunity of light|ng
eqliipment against mains voltagéfluctuations caused by electrical apparatus connected to the
mains at levels that are allowedthrough IEC 61000-3-3.

Flicker perception, as well as IEC 61000-3-3 and IEC 61000-4-15, the associated standafds
for[voltage fluctuationsiand the flickermeter, are based on the 60 W incandescent lamp. A$ a
reqult of the phasjng.out of incandescent lamps and the widespread introduction of alternatjve
lighting equipment’ technologies, a new reference lamp was considered. It has bgen
demonstrated,that new lighting technologies are in general less but sometimes also mgre
sejsitive te~supply voltage fluctuations than the current 60 W incandescent lamp. A CIGRE

1°2

working .group has assessed the impact of new lighting technologies on the existing flicker
standatds'[16]. For the moment, the present flicker sensitivity curve of IEC 61000-3-3 remajns
as|thé- reference. However, because of the increased diversity of sensitivity of light|ng
equipmemttovottage fiuctuations; there s future Teedfor a vottage=ftuctoatiom mmomity test
specifically for lighting equipment. In this way, the full EMC approach (Figure 1) is introduced
for flicker, i.e. with a view to limiting voltage fluctuations caused by equipment connected to
the grid, and in addition to establishing a minimum level of flicker immunity of lighting
equipment against these voltage fluctuations.

This document will allow the lighting industry to gain experience in flicker immunity test
methods. Results of actual tests will be reported in a separate IEC Technical Report. Based
on the experience gained on this immunity test method, the adoption of a similar test to be
applied for IEC 61547, the immunity standard for lighting equipment, will be considered.

1 Numbers in square brackets refer to the Bibliography.
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EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: Objective light flickermeter and voltage fluctuation
immunity test method

Th
fol

Ap
be

m4dins signalling. This is however not described in furtier detail in this document.

NO

The

theg
col

Scope

s part of IEC 61547 describes an objective light flickermeter, which can be applied for
owing purposes:

measuring the intrinsic performance of all lighting equipment without thelapplication
voltage fluctuations in terms of illuminance flicker; during this measurement, the light
equipment is supplied with a stable mains;

testing the immunity performance of lighting equipment against™\(unintentional) volts

set of defined voltage fluctuations are applied to the AC mains and the immunity of
lighting equipment to the disturbance is determined.

tested against intentional voltage fluctuation on thé JAC mains arising for example fr

object of this document is to establish@ common and objective reference for evaluat
performance of lighting equipment in terms of illuminance flicker. Temporal changes in
our of light (chromatic flicker) are not'considered in this test.

s method can be applied to lighting equipment which is within the scope of IEC techni

mittee 34, such as lamps and luminaires, intended for connection to a low volt3
ctricity supply. Independent auxiliaries such as drivers can also be tested by application
presentative light sourceto that auxiliary.

TE 1 IEC 61000-4-13:2015 [24] provides guidance regarding test levels and frequencies for mains signalling.

he

of
ng

ge

fluctuation disturbance on the AC mains in terms of illuminance“flicker; during this test a

he

art from the above two purposes, the immunity performance of lighting equipment can ajso

pm

ng
he

cal

ge
of

his
he

rated for 120 V AC and 230 V AC, 50 Hz and 60 Hz

NOTE 2 The principle of the method can be applied for other nominal voltages and frequency ratings.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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.
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IEC 61000-3-3:2013, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems, for
equipment with rated current < 16 A per phase and not subject to conditional connection

IEC 61000-4-15:2010, Electromagnetic compatibility (EMC) - Part 4-15: Testing and
measurement techniques — Flickermeter — Functional and design specifications

3 Terms, definitions, abbreviated terms and symbols

3. Ierms and detinitions

For the purposes of this document, the terms and definitions given in IEC 61000<323 gnd
IEC 61000-4-15 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at/the follow|ng
addresses:

e |[IEC Electropedia: available at http://www.electropedia.org/

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

3.1.1

fligker
perception of visual unsteadiness induced by a light stimulus the luminance or speciral
distribution of which fluctuates with time, for a static observer in a static environment

Note 1 to entry: The fluctuations of the light stimulus with timevinclude periodic and non-periodic fluctuations gnd
can| be induced by the source itself, the power source or other\influencing factors.

[SOQURCE: CIE TN 006:2016]

3.1.2
fligkermeter
instrument designed to measure any‘quantity representative of flicker

[SOURCE: IEC 60050-614:2016, 614-01-30]

3.1.3

voltage flickermeter
instrument which ds;designed to measure any quantity representative of flicker resulting frpm
mains voltage fluctuations

Note 1 to entry:) "Specifications of the voltage flickermeter can be found in IEC 61000-4-15.

3.1.4
illyminance
quotient of the luminous flux d®,, incident on an element of the surface containing the point,
by the area d4 of that element

Equivalent definition. Integral, taken over the hemisphere visible from the given point, of the
expression L,-cos 8-dQ where L, is the luminance at the given point in the various directions
of the incident elementary beams of solid angle dQ2, and 6 is the angle between any of these
beams and the normal to the surface at the given point

E, = vV — L, -cosf-dQ
v IZﬂsr v

Note 1 to entry: Illuminance is expressed in Ix or Im-m~2.
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[SOURCE: IEC 60050-845:1987, 845-01-38]

3.1.5
light flickermeter

instrument designed to measure flicker resulting from temporal changes in the intensity of the

light in an objective way

Note 1 to entry: The light flickermeter is based on the IEC 61000-4-15 specifications.

measure of flicker evaluated over a specified time interval of a relatively short duration

Note 1 to entry: The duration is typically 10 min, in accordance with IEC 614000-4-15.

Note 2 to entry: The alternative term "short term flicker severity" is usedin IEC 61000-3-3 and IEC 61000-4-15

[SOURCE: IEC 60050-161:1990, 161-08-18, modified/~= Note 2 has been added.]

«

Abbreviated terms
alternating current
CFL compact fluorescent lamp
Commission Internationale del'Eclairage
changes per minute
Dd direct current
EUT equipment under test
EMC electromagnetic compatibility
Hz hertz
IEEE Institute of,Electrical and Electronics Engineers
kHE kilohertz
LED light 'emitting diode
ms| millisecond

RMS root mean square

SSL solid state lighting
\Y, volt
w watt
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3.3 Symbols

a multiplication factor

Cap gain of the light amplifier

d relative voltage change

dg relative change of the rectangular modulation of the illuminance

d, relative change of the 100 Hz-illuminance ripple

AL instantaneous total light variation after a voltage fluctuation

Au mrstartaneoustotat vottage varatiomafteravottageftuctuation

AU total voltage variation of the half-period RMS value after a voltage fluctuation
f mains frequency (50 Hz or 60 Hz)

JIm modulation frequency

L light

m modulation index

% percent

pp percentage point

Pkt instantaneous flicker sensation

P short-term flicker indicator

Psl‘t‘/| flicker metric of the illuminance of an EUT without the application of voltage

fluctuations and measured with a light flickermeter

PS"tM (I) flicker metric of the illuminance of an EUTI with the application of voltage fluctuatiops
and measured with a light flickermeter

Ps"tV'(C) flicker metric of the illuminance 6f:the combination of a light source and a dimmer
measured with a light flickermeter

) flicker metric of the supply Voltage measured with a voltage flickermeter

P\{ (N) flicker metric of the naise level from an unmodulated supply voltage measured with a
voltage flickermeter

s complex Laplace’ variable
u amplitude-of‘the mains voltage
u(t mains.voltage signal

ug(s) output voltage of the light sensor amplifier
modulation period

m
Tiekt period of time over which the illuminance is measured during application of the
voltage fluctuation
U half-period RMS-value
4 General

The immunity of lighting equipment to voltage fluctuations may be tested by applying specific
types and levels of voltage fluctuations to the mains, in accordance with the short-term flicker
indicator Pg =1 curve for the reference incandescent lamp of 60 W specified in
IEC 61000-3-3. In this way, the full EMC approach is applied for flicker, i.e. voltage
fluctuations caused by equipment connected to the grid are limited by the voltage fluctuation
emission test of IEC 61000-3-3, while the level of flicker immunity of lighting equipment
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against these pY =1 voltage fluctuations is tested using the method specified in this
document (see Figure 1).

During the test, the supply voltage is modulated with a fluctuation of rY =1 which is

extracted from the threshold of the flicker irritability curve. The luminous intensity variation of
the lighting equipment is measured and recorded. A light flickermeter is applied to measure

the value of the metric which is denoted by PS"tM (1), which indicates that the test is carried out
with the application of voltage fluctuations and the letter | stands for immunity. Further details

of t

he voltage fluctuations can be found in Table 1.

A flicker measurement can also be performed in order to determine the intrinsie\flic
performance of the lighting equipment. During this test, a stable mains source (seé 6.2
used (i.e. no voltage fluctuations are applied). Similar to the above, the luminous’ inteng

val

measure the value of the metric which is denoted by F

NO['E In principle, flicker perfomance tests can be applied to an individual product.as’well as to test the flig

per!

to measurement uncertainties due to various influence quantities such as ambient light, light modulations f
other light sources or daylight or moving subjects and (undefined/irregular){voltage fluctuation on the netw

Theg

environment of multiple light sources is generally better than the TLA petformance of a single light source du

the

volage fluctuations (Psl‘t'vI (l) ) cannot be performed in-situ.

iation of the lighting equipment is measured and recorded. A light flickermeterJis applied
LM

ormance of installations in actual applications (in-situ). However, the latter in-§itu testing is much more pr

refore, PsLtM measurements are normally done at product level. The TLA)performance of an actual applica

averaging out of the light modulation from the different light sourcés. Note that the flicker immunity test aga

Voltage flickermeter

Apply stable AC mains source via Voltage I
reference impedance U+ ABle ), R ,@ - 9 Veasure
— ] > 0w ‘( > v
incandescent Eye-brain (6OSW
lamp model  model incandescent
lamp)

IEC

a) Voltageé fluctuation emission test in IEC 61000-3-3, using the IEC voltage
flickermeter in IEC 61000-4-15

Apply AC mains

voltage quct_uation —> L+ ALl Light flickermeter
corresponding to light
PV AT LM
| Eye-brain Measure P_" (1)

st
(60-\W.inc. lamp) i
— > 9 ‘model [T PLM(l)=1for60 W

incandescent lamp

er

is
ity
to

ker
bne
om
brk.

ion

b to
nst

EUT =| ighﬁng

equipment

IEC

b) Voltage fluctuation immunity test specified in this document

Figure 1 — Full EMC approach for mains voltage fluctuations


https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369

IEC TR 61547-1:2020 © IEC 2020 -13 -

5

Light flickermeter

For an objective assessment of flicker due to low-frequency light modulation, the flickermeter
specified in Annex A is used. Additional requirements for this light flickermeter are given in
7.3,7.4,7.5and 7.6.

This light flickermeter can be applied to objectively assess the flicker of lighting equipment
that is powered from any type of source, AC mains, DC mains, battery powered or powered
through an external light level regulator. In this document, specific mains voltage disturbance
signals are given in Clause 6 for 120 V AC and 230 V AC, 50 Hz and 60 Hz networks.

6

6.1 General

Th

method specified in Clause 7. The disturbances are rectangular amplitude modulations t
arg applied on the AC mains.

Th

ap
fol

wh

f |is the mains frequency;
m |is the modulation index;
signum(x) = the signum function, signum(x) =1 forx >0
signum(x) =0 forx =0
signum(x) = -1 forx <0
Jfm Is the modulationfrequency = 1/7,,.
Fufrthermore, the half-period RMS value U of the unmodulated mains signal can be written gs:
U=i/~2
In |EC.61000-4-15, the relative voltage change d is applied:
d=Aulu=AUIU,
for rectangular amplitude modulation with modulation frequencies < 1
where
Au is the instantaneous total voltage variation after a voltage fluctuation;

Voltage fluctuation disturbance signal

e immunity test against voltage fluctuations is carried out in accordance with the t

e mains signal is amplitude modulated with rectangular signals with frequencies betws
proximately 0,3 Hz and 40 Hz. For the rectangular moedulated mains signal u(z),
owing Equation (1) applies:

u(t) =1 -sin(21ft )-{1+m-signdm (sin(21f1))}

ere

is the amplitude of the mains voltage;

pst
hat

en
he

(1)

(2)

AU is the total voltage variation of the half-period RMS value after a voltage fluctuation.

(3)

For a rectangular modulated mains signal with modulation index m the relative voltage change
dis:


https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369

- 14 - IEC TR 61547-1:2020 © IEC 20

20

d=2m. (4)

The relative voltage change (or voltage fluctuation) d is often expressed as a percentage.

An

example of the parameters is shown in Figure 2.

A

Mains signal — rectangular amplitude modulation
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AMPLE Amplitude modulated mains signal (230 V; 50+Hz). Rectangular modulation; frequency 5 Hz (600 cq
= 0,2 s; modulation index m = 0,1 (relative voltage change d = 20 %).

Figure 2 — lllustration of'the mains test signal including
a rectangular modulated\voltage fluctuation (see Equation (1))

tage fluctuations frequencies are often expressed in terms of voltage changes per min
m). The relation between thecvoltage fluctuation frequency f,, (in Hz) and the cpm (g
le contains two changes) is:

fm =cpm /120.

Mains signal parameters

e unmodulated test voltage level U should be set and maintained at the nominal valu€]
) V or 230'V, with a tolerance of £0,5 %.

bmains frequency f should be set and maintained with a tolerance of +0,5 % of the nomi

m);

Lte
ne

(5)

of

nal

va

e of 50 Hzor 66

Residual fluctuations of the unmodulated test supply voltage during a test may give rise to a
noise level BY (N) that is not exactly zero. It is recommended to keep this Ry (N) level below
0,2. See Clause B.5 for the impact on the uncertainty of the test.

When the above mains signal parameters are achieved, it is referred to as a stable mains
source in this document.

NOTE In IEC 61000-3-3, the Ps\t/(N) level is specified to be less than 0,4 which can induce an uncertainty of 8 %
in the IEC 61000-4-15 measurement. However, in this test protocol there are many sources of uncertainty and that
is the reason to set a more strict Ps\t/ (N) level tolerance.
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6.3

Disturbance signal parameters and test levels

Specific test frequencies and types of modulation are specified in the IEC flickermeter
standard IEC 61000-4-15 for performance verification purposes. It is recommended to use the
test frequencies and the rectangular modulation given in IEC 61000-4-15:2010, Table 5 also

as

test signals for voltage fluctuation immunity testing of lighting equipment.

The recommended specific levels of relative voltage changes and modulation frequencies to

be applied are given in Table 1. The test levels in this table are partly taken from the
fIickermeter performance test specifications given in IEC 61000-4-15:2010, Table 5, and from
th LCOL ICVCI GL U U ::L HIVCII LLILI :I_C C1CGC 4 15 2010, TGIJIU 2U ThU :attcl fleIuUll\;y ;O he
mast sensitive frequency over the frequency range of interest.

The voltage fluctuation test levels given in Table 1 (i.e. rY =1 levels) give Pst (I) 1if a

typ

NO

NO

beg
can

Th
50
sh
flic

Th
fog

ical 60 W incandescent lamp is used.

TE 1 Not all 60 W incandescent lamps have exactly the same response to Ps\t/ =11[18].

TE 2 For a 60 Hz voltage source a higher deviation in PS'IM (I) at a modulation‘frequency of 40 Hz is obser|

ause of the cut-off frequency of the low pass filter (LPF) of the flickermeter{ The tolerance for this specific p
be increased to £10 %.

e rectangular modulation pattern should be _applied with a duty cycle
% * 2 percentage point (pp), and the transition time\from one voltage level to the n

ker value of pY = 1 corresponding to the threshadld)of the flicker irritability curve.

tnote ¢ of Table 1).

ved
bint

of
ext

buld be less than 0,5 ms. All test frequencies and devel combinations will give a short-tdrm

b duration of the voltage fluctuation applied.to the EUT should be a minimum of 180 s (gee
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Table 1 — Voltage fluctuations — Test specification of voltage
fluctuations applied at input AC mains 120/230 V and 50/60 Hz

Rectangular amplitude modulations with duty cycle of 50 % 2¢df

Voltage changes Modulation Relative voltage fluctuation
per minute frequency
cpm - d = AUIU
Hz %
120 V 120 V 230V 230V
50 Hz 60 Hz 50 Hz 60 Hz
39 0,3250 1,045 1,040 0,894 0,895
110 0,916 7 0,844 0,844 0,722 0,723
1056 8,8 0,353 b 0,353 P 0,275 ° 0275 °
1620 13,5 0,545 0,548 0,407 0,409
Test not Test not
4 000 331/3¢ 3,426 required 2,343 required
Test not 4,837 Testnot 3,263
4 800 40,0 © required required

2 | See Table 5 of IEC 61000-4-15:2010 and Table D1 of IEC 61000-3-3:2013.
b | See Tables 2a and 2b of IEC 61000-4-15:2010 for Rnst = 1; the valuges of d = 0,252 % and 4 = 0,196 % are
increased to respectively 0,353 % and 0,275 % to give PSLtM (I) =1

¢ | The duration of the voltage fluctuation and recording of the illuminance is recommended to be a minimum| of
180 s (60 s for the transient response of the flickermeter'sfilters and 120 s for the duration of the statistifal
evaluation of the flicker level in block d, see A.2.5)) Rirst of all, the transient response of the light
flickermeter’s filters should be considered, which is dominated by the illuminance adapter (block a, see A.2.]2).
The time constant of this filter is set at 10 s, reaching\the 90 % of the value corresponding to the steady state
response at approximately 50 s. In addition, the evaluation period should contain an integer number of voltdge
fluctuation periods. For the set of test modulation frequencies given in this table, the minimum duration| to
achieve an integer number of voltage fluctuation\periods in all the test cases is 120 s.

Recommended absolute tolerance for the duty cycle is £2 pp, for the modulation frequency the recommended
tolerance is +1 % and for the relative voltage fluctuation the recommended tolerance is £5 %.

¢ | The 33 1/3 Hz and 40 Hz modulation frequencies should be synchronous with the supply frequency| of
respectively 50 Hz and 60 Hz with a fixed phase angle as defined by Equation (1).

The light flicker specificationshin’ this document are expanded such that it is aligned with the voltage flicker
specifications given in IEC(61000-4-15, which is limited to 120 V and 230 V, 50 Hz and 60 Hz. No voltgge
fluctuation tests are available yet for 100 V, 200 V and 277 V. However, in practice the test specificatigns
given in this table for. 120 V and 230 V can be applied for 100 V and 200/277 V respectively for indicat|ve
purposes.

7 | Test setup and equipment

7.1 General

The block diagram of the test setup is shown in Figure 3. One can distinguish three parts in
the setup:
a) generation of the test voltage,

b) application of the test voltage to the EUT, photometric measurement of the EUT in an
optically shielded environment,

c) measurement and control equipment.

Note that the same setup is used to measure the intrinsic flicker performance of a lighting
equipment, PSLtM, with the omittance of the application of the modulation.

More details of the equipment properties are described below.
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Meas.urem(.ant equipment: [ A
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flicker metrics illuminance N
PV l Measurement relative
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Data processing Data acquisition Anti-aliasing_filter —
<+— < :uE(t)
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Pt (1) |
______________________________________ 4
Figure 3 — Block diagram voltage-fluctuation immunity test
[E The same block diagram can be used to medsure the intrinsic flicker metric of a light source. In this ¢

NO
the

Photometric
measurement in
Generation of the test voltage: optically shielded
mains voltage including voltage fluctuation environment
™" Mains frequency + ] C T T T
modulation Gain EUT

u(r)

Test waveform Lamp/luminaire

voltage fluctuation is not applied, and the outputs of the data processing block are Psle and };\t/ (N)

7.4 Test voltage

Th

b test voltage, which consists of the mains voltage with a rectangular amplitude modulati

can be synthesized using a-waveform generator and an amplifier. This may be implemen
alsjo by using a separatelwaveform generator for the modulating signal that is applied tq

ge
It

ge
Ta

Ca

nerator that makes the 50/60 Hz mains signal.

s important thatthe equipment for generating the amplitude modulation is capable
nerating voltage fluctuations well below the lowest test level of d = 0,275 % at 8,8 Hz (s
ble 1).

Fe should be taken that no other disturbing signals than the amplitude modulation

prgsént{see 6.2 and 8.4 for the verification).

IEC

ase

bn,
ed

of
ee

are

The characteristics of the test voltage should be verified by either measurement through an
oscilloscope (see 8.3) or by direct application of a flickermeter specified in IEC 61000-4-15.

7.3 Optical test environment

The illuminance of the EUT is measured for processing by the light flickermeter. There is no
need for measuring the absolute value. Only the relative illuminance is determined.

The EUT and the light sensor are located in an optically shielded environment to avoid
disturbances from light sources other than the EUT.
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The test environment should also be mechanically robust to avoid vibrations of the EUT and
light sensor that may give rise to unwanted variations in the illuminance.

It is recommended that the light output of the EUT is measured indirectly via a reflecting
surface. This is especially true for lighting equipment with a spatial distribution of light
sources (e.g. TL, TLED, 2D LED matrix).

An integrating sphere, such as an Ulbricht sphere, may be applied. This can be convenient
because then the orientation and alignment of the EUT with respect to the light sensor is less
critical.

7.4 Light sensor and amplifier

A |photodiode with a filter and an appropriate amplifier is applied for measuring the
illuminance (or more specifically: the relative illuminance) of the EUT.

The photodiode, optical filter and amplifier combination should satisfy the follow|ng
characteristics:

a) [ the optical filter should match the photodiode to the eye sensitivity curve of CIE 1931
which is the CIE 1931 standard observer function specified in4SO/CIE 11664-1:2019 [2];

b) [the cut-off frequency of the amplifier should enable measurement of all flicker-relevant
frequencies. A cut-off frequency of 2 kHz is recommended;

c) [the output voltage of the amplifier should vary linearty>with the illuminance and no offset-
voltage should be present.

Care should be taken that no clipping of the measured waveform takes place due to a wrqng
amplifier gain.

7.9 Signals to be measured

The output voltage ug(f) of the light-sénsor amplifier is measured as a function of time over a
pefiod Ti.q. The output voltage ug(f)varies linearly with the illuminance E(¢):

ug(L)=€y - E(t) is measured between 0 <7 < Tiggt (6)

where Cp is the constant including the gain of the amplifier and which relates the output
voltage of the light.sehsor amplifier to the illuminance.

In pddition, thexmains voltage including the voltage variation u(¢) is measured over the same
time period-

The signals can be measured with an oscilloscope. It is recommended to apply an appropriate
low-pass filter in the oscilloscope to limit the noise.

The measured signals are recorded for further processing.

7.6 Signal processing
7.6.1 Anti-aliasing filter

The light output of some types of lamps may contain spectral components at frequencies well
above 100 Hz (kHz-range) that are not producing visible flicker. Depending on the sampling
frequency (see 7.6.2) these higher frequency components may be undersampled and this may
lead to aliasing which gives artefacts in the light sensor signal. It is recommended to avoid
such aliasing effects by application of a low-pass filter between the amplifier output of the
light sensor and the measurement system.


https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369

IEC TR 61547-1:2020 © IEC 2020 -19 -

EXAMPLE A 15t order low-pass filter with 3 dB cut-off frequency of 1 kHz will attenuate a factor 10 at 3 kHz. For
3 kHz, the sampling frequency is then at least 6 kHz.

7.6.2 Sampling frequency

For processing of the signals, in accordance with the Nyquist criterion, the sampling
frequency should be at least twice the bandwidth of the signal, which is approximately twice
the highest frequency within the signal to be measured.

The mains voltage signal of 50/60 Hz with amplitude modulation ranging from 0,3 Hz up to
40 Hz has a spectrum of interest up to the sum of the mains and the modulation frequency.
Henhce, the frequency range of interest of the mains voltage signal extends roughly up| to
100 Hz.

The illuminance signal has a spectrum of interest that is at least twice the spectrum of the
mains signal for incandescent lamps. For non-incandescent types of lighting eguipment, mych
higher frequencies may be present depending on the driver technology applied. As thgse
much higher frequencies are not of interest for flicker, these should| be filtered before
sampling (see 7.6.1).

Interharmonics may also cause beat frequencies that may produceslight flicker.

[

—_

Sti|l for calculating flicker, the highest frequency of interest)is determined by the highpst
madulation frequency, the mains frequency and the possiblelinterharmonics. The flickermefer,
and also the light flickermeter contain a bandpass filter (0505 Hz to 35 Hz), see Annex A.

Although the highest frequency of interest in the illuminance signal is limited to approximatgly
200 Hz, the way the various digital filters are implemented usually requires oversampling gnd
thgrefore much higher sampling rates (see [8]{11}]).

Fof the MATLAB®2 implementation of*the IEC 61000-4-15 flickermeter given in [13]] a
sampling rate of at least 2 kHz is récommended. Therefore, for the light flickermeter| a
sampling rate of at least 4 kHz is reecommended as the bandwidth of the illuminance sigpal
requlting from the mains voltage and its fluctuations is approximately twice the bandwidth| of
thg mains signal. As explained in 7.6.1, the sampling frequency should be selected alsqg in
comjunction with the cut-off frequency of the anti-aliasing filter applied. For practical low-pass
filtgrs with a cut-off frequency around 1 kHz, a sample rate of at least 10 kHz]| is
reqommended.

An| example of areeorded illuminance signal over a period of 1 s is given in Figure 4. The
100 Hz ripple, which is typical for an incandescent lamp, and the additional modulatjon
requlting from the amplitude modulation of the mains voltage at 8,8 Hz (d = 0,275 %) re
clearly visipte:

7.4.3 Signal resolution

As a result of the recommended Py (N) level of 0,2 (see 6.2), the uncertainty of the relative

voltage fluctuation should be 0,2 times the lowest level of the relative voltage fluctuation,
which is 0,275 % at 8,8 Hz amplitude modulation. Hence the uncertainty of the relative
voltage fluctuation should be less than 0,055 % (-65 dB). This means that in case of
application of an AD (analogue to digital) convertor, more than 10 bits is required (signal-to-
quantization-noise ratio for 11 bits = =66 dB).

2 MATLAB is the trademark of a product supplied by The MathWorks, Inc. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the product named.
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A
400 60 W incandescent lamp: mains 230 V/50 Hz and rectangular amplitude modulation 8,8 Hz and 0,275%
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a) Mains voltage fluctuation with rectangular modulation off&i and d = 0,275 %

60 W incandescent lamp: mains 230 V/50 Hz and rectangular amp@q@nodulation 8,8 Hz and 0,275%
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sQnd an additional modulation due to the modulated mains voltage fluctuation (a)
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b) llluminance signal of a 60 W incandescent lamp including a 100 Hz ripple
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Q
% T 60 W incandescent lamp: mains 230 V/50 Hz and rectangular amplitude modulation 8,8 Hz and 0,275%
£ T 7 T 7 T 7 7 T 7 1
E , | : . : , |
e, | [ ! : | | f ! AWAW
2
K \
08 .
06 1
0,4 .
0,2 ) T
0 | | | | | ! ! 1 : |
0 0,2 04 0,6 0,8 0,1 0,12 0,14 0,16 0,18 0,2
Time [s)
IEC
c) Same as b) zoomed over 0,2 s and vertical range from 0 to 1,2
Figure 4 — Example of a recorded mains voltage fluctuation
and illuminance signal of a 60 W incandescent lamp
8 | Verification procedure
8.1 General
The test is subject to uncertainties. Annéx B gives an overview of the main influence
quantities for the uncertainty.
In |Jorder to limit uncertainties of-the test, it is recommended to perform a number| of
velfification tests at regular intervals.
The verification tests are deseribed in the following Subclauses 8.2 to 8.7.
8.2 Light flickermeter
Verification of the) light flickermeter may be performed using the procedure given|in
Clause A.3.
It Is recommended that the outcome of the verification satisfies the following for all test
frepuencies given in Table A.1:
LM LM
R (£)- B
Tx100%<5% (7)
Py (E)
where
rM(E) . . N, .
st is the flicker severity value of the standardized illuminance waveform E(¢) applied;
see Equation (A.7), and
LM
Pst

is the value measured at the output of the light flickermeter using
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P(E) = @,

fora=%, %, 1,2,3,4and 5

(8)

where « is the fixed multiplication factor with which all the dg values given in Table A.1 are
multiplied.

8.3 Mains voltage parameters without modulation

8.3
Th

Iti

8.3
\Y

D

A1 Nominal voltage level

e RMS-level of the mains signal should be measured when no modulation is applied,

5 recommended that the RMS-value satisfies:

U[RMS] = (120 £ 0,5 %) V or (230 £ 0,5 %) V.

.2 Mains frequency

Fify that the mains frequency f satisfies the following:

f=(501 0,5 %) Hz or (60 £ 8;5 %) Hz. (

8.4.

It
ap

8.] Voltage fluctuation level
1

General

blied. Two options can be used for this verification.

8.4.2 Option 1: measure the actual modulation frequencies and voltage levels

Ve

Ap
pe

ify that the modulation frequencies f,,, given in Table 1 satisfy the following:

JmdSwithin £1 % of the nominal values given in Table 1.

bly a 1 % rectangular modulation at a frequency of 2 Hz. Measure the overall change of
bk value of the*mains voltage at a transition. This voltage change should be:

Au=(120x1%)V xV2=(1,70 +2 %) V or (

s important to verify the level of the{voltage fluctuation when a certain modulation| i

(9)

0)

he

Au=(230x1%)VxV2=(325¢%2%)V.

8.4.3  Option 2: measure pY values using a flickermeter

Af

lickermeter can be applied for verification of the voltage fluctuation levels as follows.

Measure the flicker noise level of the mains (PS\{(N)) using the flickermeter, when no

mo

dulation is applied. Verify that (see 6.2)

RY (N) <0,2. (12)
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Apply rectangular amplitude modulations to the mains in accordance with the specified test

levels given in Table 1. Measure the actual flicker level using the flickermeter (Ps\t/) and verify
whether the mains signal including the voltage variation satisfies the following (see Table 1):

PY =1+0,05. (13)

8.5 Light sensor and amplifier

Ve |fy the—absence—ofan—offset vu:tayc by uuvclilly thre :IUht sensor—stch—thatno :lyht gan
enfer the photodiode. Verify that voltage at the output of the amplifier is less than 0,1 %-ef the
maximum voltage level of the amplifier (within its operating range).

Verify the linearity of the sensor by positioning the photodiode at different distances, », from a
stgble small light source in an optical chamber. The voltage should vary linearly|with 1/-2.

NOJFE Measurements of photodiode voltage are made at distances such that the inversesquare law applies within
pragtical limits. In general, the test distance is preferably not less than 15 times the\maximum dimension of |the
light emitting area of the light source (Ref CIE 121: 1996, Clause 6.2.1.4).

Verify the clipping level of the voltage output of the amplifier, and make sure that tests are
exegcuted below this level.

8.6 Test environment

Ingtall the light sensor in the test environment where~ho EUT is present or in operation. Clgse
thg optical test environment and put all (other than the EUT) test equipment into operation.

Verify the absence of electromagnetic disturbances and/or unwanted light ingress in the
oplical test environment by checking the voltage signal at the output of the amplifier.

E

dctrical shielding of light sensor andZamplifier is highly recommended.
8.1 Light flicker noise

In theory, if the illuminance)from the EUT were constant, then PSLtM = 0. In practice howeVer,
thg light sensor and its_amplifier and the light flickermeter may give a non-zero result if the
illuminance is constant. This is called the light flicker noise level Ig';M(N). It should be noted

D
(2]
—_

thgt this noise_level differs from the noise Ps\t/ (N) due to residual voltage variations of the t
sighal (see 6.2-and 8.4.3).

The light'flicker noise level P5™(N) can be verified as follows.

Install a suitable AC-fed light source, either an incandescent or halogen lamp. Power the lamp
with a constant voltage without modulation.

Measure the illuminance and determine the PSLtM using the light flickermeter and verify
whether the actual level satisfies the following:

PR (N) < 0,1. (14)
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9 Test procedure

9.1 General

Several quantities, such as mains voltage fluctuations, light regulation, colour setting and load

have an influence on the PS"tM of lighting equipment. A minimum set of test conditions is

specified in Table 2. Annex D gives guidance on the tests that need to be performed per EUT
type when a certain test type is required to be measured.

ol H 1 £ e £ 4 P 1 !
Th.; Onmowiny protturc TUT TATLULIUIT UT 4 1CoLU 15 TTUUTTTITITTIUTU.

a) | mount the EUT in the optically shielded enclosure;
b) | switch on the EUT and apply sufficient stabilization time;
c) |depending on the type of lighting equipment, choose the test conditions from\Dable 2;

d) [apply the recommended settings for the data acquisition (duration test, sample rdte,
filtering), see 7.6;

e) |if applicable, set the test voltage in accordance with the recommended values of Tabl¢ 1
(Ps\t/ = 1) in order to determine the PSLtM (1) of the EUT; for guidance see Table 2;

f) |measure the PS"tM levels of relative illuminance waveform.
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Table 2 — Guidance for P;V testing

Mains
With voltage
EUT ¢ Light regulation test condition fluctuations
Stable
V
Bt =1
Non-dimmable Not applicable LM LM
Fst Fseo ()
(9.2) (9.3)

Dimmable with External light regulation is not connected (100 % light output) LM '\

exflernal light Pst Pst (1

redulation®

(9.2) (9.3)
External light regulation is connected (100 % light output) LM 4
F™r©) N.A.
(9.4)
External light regulation is connected (50 % light output) LM
It (©)°
N.A.
(9.4)

Dimmable with Internal light regulation is set to 100 % light output PLM PLM

integrated Iight st st (I

redulation ©

(9.2) (9.3)
Internal light regulation is set to 50 % light-output LM LM

Fyt F (1

(9.2) (9.3)

a8 |The test should be performed to give information regarding the compatibility between the light source and the
external lighting regulation equipment.

b |Controlgear should be connected with the maximum load (maximum power — as a combination of voltage and
current).

¢ |If applicable, colour settings are fixed at*white or default.

4 |If other test conditions are applied (€g. in the case of battery-operated equipment or the application of voltage
fluctuations that represent mains;signalling) then this should be indicated in parentheses. It should also|be
explicitly mentioned in the test\report.

¢ |Lamps connected with external phase-cut dimmer.

f|Controlgear with interface to control the lighting, e.g. IEC 62386 (all parts).

An[example 6f-a test of a 7 W LED lamp is given in Annex C.

9.2 Measuring the intrinsic flicker performance

The Iigh’r flicker measurement when carried out with a stable mains (smd thus without the

application of voltage fluctuations) gives the intrinsic flicker performance of the EUT. The EUT
can be a non-dimmable lighting equipment, an externally dimmed lighting equipment in which
the external light regulation is not connected, or a lighting equipment with intrinsic light
regulation at 50 % and 100 % light output (see Table 2).

The block diagram of the measurement setup is given in Figure 5.
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EUT
Stable Lighting ) ) LM
mains equipment —»  Lightoutput —» Data processing —» Py
IEC
Fi . LM
igure 5 — Measuring I
9.3 i i i unity i \ uctuati

The flicker immunity of an EUT against voltage fluctuations can be tested with the applicatlon
of a specific set of defined voltage fluctuations to the stable mains (see Table 1).

The block diagram of the measurement setup is given in Figure 6.

EUT

[ds}

table Lighting ) )
thains —>®—> equipment ——>  Lightoutput ~—— Data processing ——» PLM(I)

Voltage
fluctuations

Figure 6 — Measuring Ig';M ()]

NOJE 1 For dimmable lighting equipment for whictiman external light regulating device is required, this test is ¢nly
performed without physically connecting the light, regulating device and at 100 % light output level. This test is|not
performed when external light regulation is used.for dimming purposes since it is not possible to distinguish which
parf (light regulation or lighting equipment) is\susceptible to the voltage fluctuations.

NOJE 2 For dimmable lighting equipment with integrated light regulation, this test is performed at 50 % gnd
100 % light level.

9.4 Dimmer compatibility testing

This test gives an indication regarding the compatibility of the lighting equipment and the
exfernal light regulation applied.

Tepting is daoneat 100 % and 50 % light output level as described in Table 2.

The block-diagram of the test setup is given in Figure 7.

The-specifications—of-the tvne of external light regulation-used-should be mentioned-inthe-test
1 b g g

report.

Auxiliary

equipment EUT
Stable External Lighting Light Data M
mains light regulation > equipment > output » processing > Pq (C)

Set to 50% light
output level

IEC

Figure 7 — Dimmer compatibility testing
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9.5 Controlgear testing

The flicker performance, PSLtM of a controlgear can also be determined using the same method

by connecting a typical light source (maximum load). Note has to be taken that the choice of
the light source is crucial since its electrical properties (e.g. capacitance) will have an effect
on magnitude and shape of the measured light waveform. Furthermore, it is recommended to
select a number of points within the specified operating window of the controlgear. The
combination of the controlgear and the light source is considered as a system under test
(SUT), see Figure 8, and treated as an EUT for testing according to Table 2.

NO[FE Generally, controlgear are either non-dimmable or have an integrated dimmer. The situation in which
extérnal light regulating device is applied in front of the controlgear generally does not occur and hence .need
be {ested.
r—— - - —-—-—-—-—-—- 1
| |
| Auxiliary |
: EUT equipment :
| |
| ) | .
Stgble eg. Light Light Data M
mgins I controlgear " source I output processing Py
(without voltage
| | fluctuations
| | applied);
| |
| | PEM (D)
e = o (with the
application of
Voltage SUT - System under test voltage
fluctuations fluctuations)
Figure 8 — Controlgear testing
10| Conditions during testing
The EUT should be tested within its intended operating and climatic conditions.

An
Th

appropriate stabilization time 'should be applied for the EUT before execution of the tqg
e specification of the EUT ‘or the type of technology may indicate the typical stabilizat

time required.

Th

e EUT should be operated as follows.

The test should be applied while the EUT is operated as intended under normal operat
conditions as\laid down in the relevant product standard at stabilized luminous flux and
normal laboratory conditions.

Testing.is recommended at one combination of supply voltage and frequency, as specif
by the manufacturer.

an
not

IEC

st.
on

ng
at

ed

An EUT that includes a Iighf-rpgnlnting caontrol should be tested at a Iight output leve
50 % + 10 % of the maximum light output. If a light output level of 50 % is not available

of
for

the EUT that includes a light regulation function (in case of discrete steps), the test should
be done at the level which is closest to 50 %. If two steps equally distant to 50 % are

available, the lower level (< 50 %) should be used for the test (see IEC 61547:2020[1]).

Luminaires and independent auxiliaries should be tested with light sources for which they

are intended. Where such equipment can operate with light sources of different power
light source of maximum wattage is recommended.

If light sources can operate at different colours, select white or default.

, a
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11 Evaluation of the test result

When the measured PS"tM-IeveI is equal to 1, it means that in 50 % of the cases flicker is
experienced and in 50 % of the cases no flicker is experienced by an average observer.

In the case where voltage fluctuations are applied (PS\{ = 1), the results can be interpreted as
follows.

Psl‘t t (1) = 1, the flicker produced by the EUT and experienced by an average observer is eglal
to that of a 60 W incandescent lamp.

PSLtV' () < 1, the flicker produced by the EUT and experienced by an averagecobserver i$ a
befter flicker than that of a 60 W incandescent lamp.

PSLtV' () >1, the flicker produced by the EUT and experienced by an<average observer i$ a
worse flicker than that of a 60 W incandescent lamp.

12| Test report

The test report should contain all the information necessary to reproduce the test.|In
pafticular, it is advised to record the following information:

a

~

identification of the EUT and any associated. equipment, for example brand name, prodct
type, serial number;

b) | the relevant operating conditions of the EWUT (light output level);
c) |the specifications of the type of external light regulation used, when applied;

d) |the types of interconnecting cables, including their length, and the interface port of the
EUT to which they were connected;

e) |any specific conditions for use, for example cable length or type, shielding or groundipg,
or EUT operating conditions, which are essential for voltage-fluctuation immunity
performance;

f) |the warming-up time.of the EUT if applicable;
g) |identification of the test equipment, for example brand name, product type, serial numbsg

—

h) |any specific‘conditions necessary to enable the test to be performed;
i) |the nominal’ mains test frequency and voltage applied;
)

the applied disturbance signals (modulation frequencies, relative modulation levels)|or
explicitly state the absence of disturbance signal;

k) thae duration of the tast for aach disturbance cignal-
Iy

) the measured P5™, PXM (1) and PYM (C) level(s) for each performed test.


https://iecnorm.com/api/?name=02f5019017cc8d093d20523550a94369
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