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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS-

Part 1: An objective light flickermeter and voltage fluctuation
immunity test method

FOREWORD
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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 technical committee 34:
Lamps and related equipment.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) the title of Part 1 has been changed to reflect the more general application of the objective
flickermeter;

b) the specific voltage fluctuation immunity test method has been extended for lighting
equipment rated for 120 V AC and 230 V AC, 50 Hz and 60 Hz.

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

Draft TR Report on voting
34/56 /D TR S4/3Y8A/RVD TR
Full in n the
report
This ¢
A list nt for
gener e.
The ¢ til the
stabili ted to
the sq
e regonfirmed,
e withdrawn,
e replaced by a revised ed
e amended.
A bilingual versiof o ay be issued at a later date.
AN

IMPORT lour inside' logo on the cover page of this publication indigates

that| it contai olours which are considered to be useful for the cofrect

undtrstanding its contents. Users should therefore print this document usihg 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 general term used for these changes in the perception of the environment
is “temporal light artefacts” (TLAs) and these can have a large influence on the judgment of
the light—quatity—vtoreover,—the—visibte—modutatiom—of—tight—cam—tead—to—=—decregse in
perforimance, increased fatigue as well as acute health problems like ep i i s and
migra|ne episodes [18][19]1.

Different terms exist to describe the different types of TLAs that may b mans.
The term ‘flicker’ refers to light variation that may be direcily~pexceined erver.
‘Stroboscopic effect’ is an effect which may become visible for\a o o[ ) ng or
rotating object is illuminated (CIE TN 006:2016[22]).

Possiple causes for light modulation of lighting eq er or

strobqgscopic effect are:

— ACQ supply combined with light sourcetechnolog

- di[wming technology of externally applied

— mains voltage fluctuations caused mains
(cpnducted electromagnetic distufban tent alling
purposes.

Lightipg products that s 5 poor

quality lighting.

fickermeter and a method for testing the immunity
Itage fluctuations caused by electrical apparatus

This Jocument p
of lighting equipme
conngcted to the piaj

Flicker perception, as » EC 61000-3-3 and IEC 61000-4-15, the associated standards
for vqltag IoN kermeter, are based on the 60 W incandescent lamp.| As a
result{okthe phasiNg out 0 mcandescent lamps and the widespread introduction of alterpative
lighting equipmwey S a new reference lamp was considered. It has |been
demopstrated lighting technologies are in general less but sometimes also[more
sensifive toxsupp tage fluctuations than the current 60 W incandescent lamp. A QIGRE
working group has assessed the impact of new lighting technologies on the existing flicker
standgrds’[17]. For the moment, the present flicker sensitivity curve of IEC 61000-3-3 remains

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.

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: An objective light flickermeter and voltage fluctuation
immunity test method

1 Scope

This part of IEC 61547 describes an objective light flickermeter, which(can be applied for,

amongst others, the following purposes:

— testing the intrinsic performance of all lighting equipment witho

— testing the immunity performance of lighting equipment @gai i i bltage
fluctuation disturbance on the AC power port;

— tesgting the immunity performance of lighting equipn ent\g intentional voltage
fluctuation on the AC power port arising for exampJe

The object of this document is to establish a co eference for evalyating

the pgrformance of lighting equipment in terms d or. Temporal changes|in the

colour of light (chromatic flicker) are

This method can be applied to lighting equip ch is within the scope of IEC technical

commlittee 34, such as lamps and luminai i ed for connection to a low veoltage

electr|city supply. Independe ivers can also be tested by applicafion of

a representative light soufce t i

The gbjective light flig uctuation immunity method described ip this

document are b tandard for voltage fluctuation limits an
flickeqmeter stan

The d

ibed in this document can be applied to objeq
asses vtthat is powered from any type of source, AC main
mains ough an external dimmer. The specific voltage fluct
immunity te ethotRdescribed in this document applies to lighting equipment rated for
AC ar 3

NOTE inCiple method can be applied for other nominal voltage and frequency ratings.

d the

tively
s, DC
hation
120 V

2 Nlormative 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 and

measurement techniques — Flickermeter — Functional and design specifications
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3 Terms, definitions, abbreviated terms and symbols

3.1 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1.1
flicker
imprepgsion of unsteadiness of visual sensation induced by a light oS ihance
or spgctral distribution fluctuates with time

[SOURCE: IEC 60050-845:1987, 845-02-49]

3.1.2
flickermeter
instrument designed to measure any qua

[SOURCE: IEC 60050-614:2016, 614-

3.1.3
voltage flickermeter

instrument as specified antity
repregentative of flickep\res

3.1.4

illuminance

quotie point,
by the

Equiv of the
expre ctions
of the these
beam

E, =

L, -cos@-dQ

()
dAV - IZH sr

Note 1 to entry: Illuminance is expressed in Ix or Im-m2

[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 and based on the IEC 61000-4-15 specifications

3.1.6

threshold of flicker irritability

maximum value of a fluctuation of luminance or of spectral distribution which gives rise to a
flicker tolerated without discomfort by a specified sample of the population
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[SOURCE: IEC 60050-161:1990, 161-08-16]

3.1.7

short-term flicker indicator

PSt . o . . . .
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 alternative term "short term flicker severity" is used in IEC 61000-3-3 and IEC 61000-4-15.

[SOURCE: |EC 60050-161:1990, 161-08-18, modified — Note 2 has been added.]

3.2 Abbreviated terms

AC alternating current

AM amplitude modulation

CFL compact fluorescent lamp

CIE Commission Internationale de I'Eclairage

cpm changes per minute

DC direct current

EUT equipment under test

EMC electromagnetic compatibility

EMI electromagnetic interference

Hz hertz

IEEE Institute of Ele rs
kHz kilohertz

LED light emitti

LP low ;@

ms millisecon@

rect

RMS

SSL

TLAs

\Y

w

3.3 |Symbols

a multiplication factor

Cp 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
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)

Jm modulation frequency

m modulation index


https://iecnorm.com/api/?name=0c641bb7fc94fd6d8953e9da76b182c0

-10 - IEC TR 61547-1:2017 © |IEC 2017
% percent
pp percentage point
Pinst instantaneous flicker sensation
Py short-term flicker indicator
PSE P-value of the standardized illuminance waveform E(z)
EUT . . . . .
Pst Pg-value of the illuminance of an EUT measured with a light flickermeter
M flicker metric of the illuminance measured with a light flickermeter
Ps\{ flicker metric of the supply voltage measured with a voltage flig
PEMI| light flicker noise level
npise
Ps\t/ mains flicker noise level
nojse
s complex Laplace variable
i amplitude of the mains voltage
u(t) mains voltage signal
ug(t) output voltage of the light sensor ax
T modulation period
Tiest period of time over which is measured during application pf the
voltage fluctuation
U
4 General
The ilnmunity of lig i 3 voltage fluctuations may be tested by applying specific
types|and levels gf'\vo » G o the mains, in accordance with the short-term flicker
indicator Py = eference incandescent lamp of 60 W specified in
IEC 6[1000-3- he full EMC approach is applied for flicker, i.e. voltage
fluctuations ¢a ent connected to the grid are limited by the voltage fluctuiation
emissfo \ 00-3-3, while the level of flicker immunity of lighting equipment
againgt 1tk RS oltage fluctuations is tested using the method specified in this
document (see
During the_test, the supply voltage is modulated with Py = 1 fluctuation (denoted ag PS\{)
extradted’from the threshold of the flicker irritability curve and the luminous intensity vatiation

of the lighting equipment is measured and recorded. A light flickermeter is applied to measure
the value of the metric P (denoted as P5M).
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Voltage flickermeter

voltage
Apply stable AC mains source via I~ 3
reference impedance U+ AU|EUT ,@”—’ > 9 measure
> eow . > pv
inc. lamp Eye-brain| (60 W incandescent

model

model |amp)

EUT =
Apparatus

5 L

For o

7.3, 7

specified in Annex A is uséd
4,7.5 an@

N\ oltoo fluctuotion micciontact i IEC 4000 2 2 cina th LEC v oliaa
a—-ortage—uEtdator ot —H e T 5t tHe—Te= -orter

flickermeter in IEC 61000-4-15

Apply AC mains

voltage fluctuation —» L +AL|EUT Light flickermeter
corresponding to .
Pth =1 light y ;
(60 W incandescent » /=~ o | Eyerai
lamp) o moyel
EUT = Lighting

V equipment
U + AU |V

st~

totument

age fluctuations

bjective assess i S requency light modulation, the flickern

IEC

meter
en in

This light flickermete bment
that i$ powered f vered
through an e this document, specific mains voltage disturbance signals are
given|in Clause 6

6 Vpltage.fl

6.1 |General

The i'nmlmity test againq’r \ml’mgp fluctuations is carried out in accordance with thée test

method specified in Clause 7. The disturbances are rectangular amplitude modulations that

are to

be applied on the AC power port.

The mains signal is to be amplitude modulated with rectangular signals with frequencies
between approximately 0,05 Hz and 40 Hz. For the rectangular modulated mains signal u(z),

the fo

llowing Equation (1) applies:
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u(t) = -sin(2mft) - {1+ m - signum (sin(21fi )} (1)

where

i s the amplitude of the mains voltage;

f is the mains frequency (50 Hz);

m is the modulation index;

signum(x) = the signum function, signum(x) = 1 forx > 0
signum(x) =0forx =0

Lo = 41_£ a)
OTYTTUTTI (A7 LI A U

J

fm is the modulation frequency = 1/7,,.

Furthg¢rmore the half-period RMS value U of the unmodulated mains sig N as:

U=nly2

In IEG 61000-4-15, the parameter d is applied, which is

(2)

(3)
for re
wherg
Au
AU bN.
For a hange
dis:

(4)

An ex
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Mains signal — rectangular amplitude modulation

ool —_ 3l
ol LI A

ol L

g L e

B o L

ol L el LI

NI ERERR RN

-

NOTE In IEC 61000-3-3, the Ps\t/ -noise 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/ -noise level tolerance.

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 also
use the test frequencies and the rectangular modulation given in IEC 61000-4-15:2010,
Table 5 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
flickermeter performance test specifications given in IEC 61000-4-15:2010, Table 5, and from
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the test level at 8,8 Hz given in IEC 61000-4-15:2010, Table 2b. The latter frequency is the
most sensitive frequency over the frequency range of interest.

The rectangular modulation pattern should be applied with a duty cycle of
50 % + 2 percentage point (pp), and the transition time from one voltage level to the next
should be less than 0,5 ms. All test frequency and level combinations will give a short-term

flicker value of PS\{ = 1 corresponding to the threshold of the flicker irritability curve.

The duration of the voltage fluctuation applied to the EUT should be minimally 180 s (see
footnote c of Table 1).

Table 1 — Voltage fluctuations — Test specification of voita
fluctuations applied at input AC power ports 120/230 V;§0/60 H

A\
Rectangular amplitude modulations with duty cycle of @ °>.\a\\d \

Voltdge changes Modulation Relative vo flactu tw
per minute frequency ds AUI
Hz

120 ‘\25§v 230}/

= (é))—:r\\ Hz 60 Hi
39 A\ 1foad | 0,84 0,89F
110 NN 0,722 0,72p
PRI

1056 3530 0,275 0,279 ®

1620 0,548 0,407 0,409
\3 }/est not Test ot
4 000 426 \ required 2,343 requirged
Tt ot 4,837 Test not 3,26b
4 800 d required
a2 Sqe Table 5 of{EC £010) NZ

b Sge Tables 2a and\ 2 Anst - 1; the values of d = 0,252 % and d = 0,196 Pb are

ingreased to respecti 3 75 % to give Fst =1.

¢ The duration o ation and recording of the illuminance is recommended to be minjmally
140 s rasignt respdnse of the flickermeter’s filters and 120 s for the duration of the statjstical
eValuétio i evel in block d, see A.2.5). First of all, the transient response of thg light
fligkerm S\ § considered, which is dominated by the illuminance adapter (block a, see A.2.2).

sthte responsésat approximately 50 s. In addition, the evaluation period should contain an integer numper of
vditage fluctuatiom\ pe€riods. For the set of test modulation frequencies given in this table, the mirlimum
ddration to'achieve an integer number of voltage fluctuation periods in all the test cases is 120 s.

d  R¢commended 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).

f The light flicker specifications in 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 voltage
fluctuation tests are yet available for 100 V, 200 V and 277 V. However, in practice, the test specifications
given in this table for 120 V and 230 V can be applied for 100 V and 200/277 V respectively for indicative
purposes.



https://iecnorm.com/api/?name=0c641bb7fc94fd6d8953e9da76b182c0

IEC TR 61547-1:2017 © IEC 2017 -15 -

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.

More details of the equipment properties are described below.

in
Generation of the test voltage: ed

nains voltage including voltage fluctuation

Mains frequency +
modulation

Test waveform

1
1
1
1
1
1
1
1
: generator Lamp/luminaire
1

1

1

1

1

1

1

1

under test

v E(1)
; =)

Amplifier

A 4

-
' Com|

Light sensor +
transimpedance
amplifier

m

Measurement relftive
illuminance

Data prodgssing « Dafa acquisition Anti-aliasing filter <

R L S S S IEC

Figure 3 — Block diagram voltage-fluctuation immunity test

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

Care should be taken that no other disturbing signals than the amplitude modulation are
present (see 6.2 and 8.4 for the verification).
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The characteristics of the test voltage should be verified by either measurement through an
oscilloscope or by direct application of an IEC 61000-4-15 flickermeter (see 8.3).

7.3 Optical test environment

The illuminance of the EUT is to be measured for processing by the light flickermeter. There
is no 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 avoid
disturbances from light sources other than the EUT.

The teést environment should be also mechanically robust to avoid vibrations of the EUl and

light gensor that may give rise to unwanted variations in the illuminance.

It is necommended that the light output of the EUT is measured S ecting
surfage. This is especially true for lighting equipment with a spatial \distriut light
sources (e.g. TL, TLED, 2D LED matrix).

Bnient

An integrating sphere, like an Ulbricht sphere, may b
i 5 less

becayse then the orientation and alignment of the EU
criticql.

7.4 |Light sensor and amplifier

A phagtodiode with a filter and an app 8 ifi g the

The photodiode, optical
charagteristics:

pwing

a) the optical filter show ~ S stodi to the eye sensitivity curve of CIE[ 1931
wihich is the C ) ; nction specified in ISO 11664-1:2007 [3];
b) the cut-off fr should enable measurement of all flicker-relevant
frequencies. A cy z is recommended;

c) th ffset-
VO
7.5
The o ver a
periog
ug(t)=Cp - E(t) is measured between 0 <t < Tiggt (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 addition, 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.
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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.

EXAMPLE A 18! 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 grocessing of the signals, in accordance with the Nyquig
frequgncy shall be at least twice the bandwidth of the signal, which
highesgt frequency within the signal to be measured.

hpling
ice the

The mains voltage signal of 50/60 Hz with amplitude motu]ati i up to
40 HZ has a spectrum of interest up to the sum of the mai 3 ency.

up to
100 Hz.
The illuminance signal has a spectrun i i ast twice the spectrum pf the
mains [ w{_type of lighting equipment,|much
highe driver technology applied. As [these
much , these should be filtered before

sampling (see 7.6.1).

Interharmonics may also.cause bea ensies thiat may produce light flicker.

modulation frequ

Still fpr caIcuIa' i egqUency of interest is determined by the hjghest
en S ,
and also the light fli aimavandpass filter (0,05 Hz to 35 Hz), see Annex A

Althod ) of interest in the illuminance signal is limited to approximately
200 H anious\digital filters are implemented usually requires oversampling and

14] a
3 pter a
sampling rate of at least 4 kHz is recommended as the bandwidth of the illuminance pignal
resulting{from the mains voltage and its fluctuations is approximately twice the bandwidth of
the mains signal. AS explained in 7.0.1, the sampling irequency shall 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
100 Hz ripple, which is typical for an incandescent lamp, and the additional modulation
resulting from the amplitude modulation of the mains voltage at 8,8 Hz (d = 0,275 %) are
clearly visible.

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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60 W incandescent lamp: mains 230 V/50 Hz and rectangular amplitude modulation 8,8 Hz and 0,275%

AATARADARADATRAD AR AR

NN AR
2 /\\ Q

0 0,02 0,04 0,06 0,08 Tin(])(,a‘l o 0,‘12 0,14 0,1 %\/G)ZI "

Figure 4 — Example of a recorded main
and illuminance signal of a 60

voltagexl ti
descent lamp

8 Vkrification procedure

8.1 General

The fest is subject to uncertainties\ An overview of the main influence

quant|ties for the uncertai

In orgler to limit unce er of
verifiqation tests aj reg
The verifications test
8.2
Verifiq en in
Claus
It is | test
frequencies._given

= 1 aal =

P — st ] 1 I X 100 % <5 % (7)

where

PsEt is the flicker severity value of the standardized illuminance waveform E(r) applied; see
Equation (A.7), and

PSLtM is the value measured at the output of the light flickermeter using

BE=a, (8)

fora="%, ¥%,1,2,3,4and 5
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where « is the fixed multiplication factor with which all the dg values given in Table A.1 have
to be multiplied.

8.3 Mains voltage parameters without modulation
8.3.1 Nominal voltage level

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

It is recommended that the RMS value satisfies:

U[RMS] = (120 + 0,5 %) V or (230 £ 0,5 %) V (9)

8.3.2 Mains frequency

Verifyl that the mains frequency f satisfies the following:

£=(50 £ 0,5 %) Hz or (60 £ 0,% %) K (10)

8.4 [Voltage fluctuation level

8.4.1 General

It is important to verify the level of“he “wolta fluctus hen a certain modulatjon is
appligd. Two options can be used for thi i

the actua mio

Verifylthat the modulation frequepcies fy, givenin Table 1 satisfy the following:

8.4.2 Option 1: measur encies and voltage levels

Applyla 1 % recta
peak yalue of th

a/frequency of 2 Hz. Measure the overall change fof the
nsition. This voltage change should be (see Tablge 1):

20 x 1 %)V xV2=(1,70+2 %) V or (11)
Au=(230x1%)VxV2=(3,25+2%)V

8.4.3 | (Option 2: measure P -values using a flickermeter

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

Measure the flicker noise level of the mains (PS\{

~ ) using the flickermeter, when no
noise

modulation is applied. Verify that (see 6.2)

RY| <02 (12)

noise

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):
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8.5 Light sensor and amplifier

Verify the absence of an offset voltage by covering the light sensor such that no light can
enter 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 photodiode at different distances from a
stable small light source in an optical chamber. The voltage should vary linearly with 1/r2.

Verify| the clipping level of the voltage output of the amplifier, and make e that tesfs are

executed below this level.

8.6 Test environment

Install the light sensor in the test environment where no EUT i . IClose
the optical test environment and put all (other than the EUT )~ ipmenkintongperatign.

Verify| the absence of electromagnetic disturbance ight ingress in the
opticql test environment by checking the voltage signal a | e amplifier.

Electrjcal shielding of light sensor and

8.7 |Light flicker noise

then P5M = 0. In practice however,

In theory, if the illuminance from the
i eter may give a non-zero result|if the

the light sensor and its amplifier"and
illumimance is constanf\JThis\| - er noise level PS"tM . It should be |noted

noise
that this noise I@ i
test signal (see 6.2° g

The light flicke ——_can be verified as follows.

due to residual voltage variations pf the

noise

Instal| a~suitablge ed light source, either an incandescent or halogen lamp. Feed thg lamp
with a constantwbltage wi

Measuyre the: illuminance and determine the actual Pg-level using the light flickermetgr and
verify|whéther the actual level satisfies the following:

M <01 (14)

noise

9 Test procedure

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;

c) if the EUT has a light regulation function, then the light output should be set at 50 % of the
maximum light output (see Clause 10 for details);
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d) apply the recommended settings for the data acquisition (duration test, sample rate,
filtering);

e) set the test voltage in accordance with the recommended values of Table 1 (PS\{ =1);

f) measure the P5M levels of relative illuminance waveform.

An example of a test of a 7 W LED lamp is given in Annex C.

10 Conditions during testing

The HUT should be tested within its intended operating and climatic conditions.

An agpropriate stabilization time should be applied for the EUT beforé execwtioh  test.
The gpecification of the EUT or the type of technology may indica i hilization
time rpequired.

The HUT should be operated as follows.

e THe test should be applied while the EUT is operated rating
conditions as laid down in the relevant product stand stahilized luminous flux and at
ndrmal laboratory conditions.

e Tgsting is recommended at one copfhjnatior cified
byl the manufacturer.
e An EUT including a light-regulating co ; ed at a light output level of| 50 %

evel of 50 % is not available fpr the
discrete steps), the test shall bel done
gqually distant to 50 % are available, the
g IEC 61547:2009/ISH1:2013[2] [1]).

e Luyminaires and independent auxiliaties shoutd be tested with light sources for which they

arg intended, Mere b ent™can operate with light sources of different wat{ages,
a light sourc' i ge i

10 % of the maximum light outpuf.
EUT including a light regulation fu
at|the level which is cldsest to

loyer level (< 50 %

e |If light sources ¢a d eént colours, select the colour that gives the maximum
light output (

11 Ejvaluation o theltes

The pM asured by the light flickermeter will generally differ from the HAj =1
test Igvel that\ha applied through the mains signal and the voltage fluctuation.

The rTsuIts can be interpreted as follows.

PSEUT =1, the EUT is observed to have equal flicker behaviour as a 60 W incandescent lamp

by an average observer, i.e. in 50 % of the cases flicker is observed and in 50 % of the cases
no flicker is observed.

PSEUT <1, the EUT is observed to have a better flicker behaviour than a 60 W incandescent
lamp by an average observer.
PSEUT >1, the EUT is observed to have a worse flicker behaviour than a 60 W incandescent
lamp by an average observer.
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12 Test report

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

a) identification of the EUT and any associated equipment, for example brand name, product
type, serial number;
b) the relevant operating conditions of the EUT (light output level);

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

d) anyspecific conditions for use, for exampie capte tengthror type, shiefdingor grounding,
orf EUT operating conditions, which are essential for voltage-f immunity
pgrformance;

e) thp warming-up time of the EUT if applicable;

f) identification of the test equipment, for example brand name mber;
g) arny specific conditions necessary to enable the test to be pt
h) the
i) th
j) the

k) the

[
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Annex A
(informative)

Specification of the light flickermeter

A.1 Voltage flickermeter

The voltage fluctuation immunity test of the EUT during the test is done in an objective way by
using the same Pg flicker metric of the voltage-based flickermeter specified in

IEC 61000-4-15. This is done by measuring the illuminance variation of the EUT and applying
it to an adapted flickermeter which uses illuminance as input instead e voltagq (see
Figure 1). llluminance flickermeters or light flickermeters are described i rious, papers
[41[6][7]- The modification can be implemented by skipping the parts ofthe i sceni lamp
mode| inside the current flickermeter (Figure A.1).
[ < \ AN
Vol g\e\'\)%uag_g odulator with H R L N -~
Signal [T *{—adapter ing multiplier ! 1% order higééass fiter 6™ order low-pass filtel
]
»
Block 1 Block 2 /\ Block 3
1
Py i - { 1 ) E num (s)
Statlst_lc evaluation 1 0351 ‘;i/g 1 ange m
™ of flicker level ‘!: 1% order o Zodss filter *g N ultipfier ii selgctor Weighting filter /
Block 5 .I Block 3 o
Weighting filter
IEC
Red bl ifig’blocks.
tructure of the IEC 61000-4-15
meter which uses voltage as input
This o blocks of the standardized flickermeter are not applied anf part
of the rhitted (see Figure A.1). The papers [4][6][7] describe in deta]l how
to ‘de a ponse properties from the flickermeter.
Block ¢ = Block d =
Block b Block 4 Block 5
Squaring
Input @ @ mu;l;;[g/er Statistical PSLtM
——p illuminance | > 1% order low- P evaluation of |
adapter il the flicker
0,05 35 Hz 8,8 Hz pass filter level
and
ug (£) Demodulation and eye-brain response filters scaling
E
llluminance voltage E(t) Bnst

IEC

Figure A.2 — Structure of the light 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 [7]. More details on the functions of the blocks a to d are given in Clause A.2.

A.2.2 Block a: illuminance adapter

This block contains an illuminance adapting circuit that scales the voltage ug(f) that is
proportional to the illuminance to the DC value:

__ug(n)
mean(ug(t)) (A1)
The DC value can be obtained using a 1St order low-pa ns ction] with

frequency response as follows:

Fipsc(s) = (A.2)
TLPSC
wherg
N
TLPSC
The ¢
Apply hance
level.

A.2.3

The fi o’the first part of block 3 of the flickermeter. This firgt part
includ ilter with a 3 dB cut-off frequency of 0,05 Hz and a 6t"|order
low-pass (Butterwo } with a 3 dB cut-off frequency of 35 Hz for 230 V/50 Hz syqtems.
See I :

The s lock b is an eye-brain response weighting filter Fv'x,'\,ﬂ(s). It can be

obtairled, byyapplying the weighting filter FV\\fF(s) of the voltage flickermeter, compensatgd for

the apalogue frequency response Fgj(s) of the reference 60 W incandescent lamg (see
Figure A.1):

\
Fh“é(s)=% (A.3)

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

For the analogue frequency response Fg (s) of the reference 60 W incandescent lamp, the
following 2nd order low-pass filter transfer function is used (see [7]):


https://iecnorm.com/api/?name=0c641bb7fc94fd6d8953e9da76b182c0

- 26 - IEC TR 61547-1:2017 © IEC 2017

il (5) = K (A.4)

2'|_1'S2+7.'|_2~S+1

where
K =3,57, 714 = 0,02 ms, and

T2 = 21,2 ms.

After substitution of Equation (A.4) into Equation (A.3) the weighting function F\',-V'\é(s) of the

: L : PP AR\t . P
Seconupart ol OTOCTK O CalT D& WITHETT 10T a 20U~ V/OU TZ SYSIENT as T01OWS.

0,041661-5% +44758 5% +2 7156 -52 + 29 839 - s

LM
FWE (s) = (A.5)
N % 11963253 11178152 + 534 8205+ 3 §05
A.2.4 Block c: squaring multiplier, sliding mean filter and scali
Block| ¢ has the same function as Block 4 i r specifigd in
IEC 6[1000-4-15:2010, 5.6.
The putput of block c represents the sensation P, In the

IEC 6[100-4-15 flickermeter, the outp k
value|of P st = 1 during a 10 min flickextes odulated 50 Hz input dignal,
with § modulation frequency of 8,8 Hz of 0,25 % is applied (see [11]
for more details). The scaling factgr S accounis the magnitudes of the frequency
respopses of all the filters gpplied.

irfg a scaling factor to give a

Also fpr the light flickermnete ing as to be applied. To obtain the S value for
the light flickermeter, |the_]j i waveform-of an incandescent lamp subjected {o the
same|voltage si I g justoentyof the IEC 61000-4-15 flickermeter, has |to be
applig¢d: @

L {1+ (dg 12)- sin(2afmt)} (A6)
where
E(t) |i inance that shall produce P;,i; = 1 at the output of block ¢, see

Equation

Jm = 8,8 Hz and odulation frequency = 1/T,,

dg= 0,630.% and is the relative change of the sinusoidal modulation of the illuminance in
pefcentage.

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 P5M.

In order to ensure that the calculation of the short-term flicker severity P5V is performed
during the steady-state of the flickermeter’s filters, the first 60 s of the instantaneous flicker
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sensation P, 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 P;M-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 that is
rectangular modulated as described in Equation (A.6) with the modulation parameters as

given in Table A.1.

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

(A.7)
wherg
E(t) |is the relative illuminance; see Equation (A.1),
Ir equals 100 Hz and is the frequency of an illuminance fipgle
fm [is the modulation frequency = 1/T,,,
d, equals 22 % and is the relative change of the Y00 Hz-ill
dg  |[is the relative change of the rectangular mgdul
signum(x) = the signum function,
All test frequency and rel flicker
value |of exactly P5M =1
@e A -
N A
Recth(g\(I}r\anNu modulations with duty cycle of 50 %; see Equation (A.7)
Changes~per wintte Modulation frequency Relative illuminance change
Jm de
<\ m\ Hz %
3N\ 0,325 0 2,538 6
Mo~ ) 0,916 7 2,047 3

1056 8,8 0,683 2

1620 13.5 07780

4 000 33,3 2,002 7

A.4 Example of P,*" implementation in MATLAB®

An example of PV implementation is given on MATLAB Central [21].
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Annex B
(informative)

Uncertainty considerations

B.1 General

Annex B gives information related to uncertainty of the PS'-t'VI result of a voltage fluctuation
immunity test. General information on uncertainty considerations of immunity tests can be

f d' Lo od4000 4 o [ raYi | W AR
oundmm=C o ToO0U=T=o(SseeCratuse 5.0

B.2 | General symbols

X influence quantity

X, estimate of influence quantity X;

oX, correction for influence quantity

u(x;) standard uncertainty of x;

¢ sensitivity coefficient

y result of a measurem M2 easurand), corrected for all
recognized significaat systemat

us(y) combined standard uns

U(y) 4 k- u(y) expanded uncertainty of y

B.3 | Measurand

The measurand@ci

flicken metric.

fluctuation immunity test is PSLtM, the shorf-term

B.4 | Influe

Table|B
uncerfainty

Ninfluence quantities that should be considered to derive the qverall

All the influgnce quantities of the mains supply and the disturbance may be integrated into
one uhcgrtainty 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
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 uncertainty
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

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 %
Relative voltage Relatively important See Table 1 +5 %
fluctuation
Duty cycle Minor 50 % f}X\pp
Noise level of the Minor if d < 0,027 5 % |n.a. 0,0
relative voltage (0,1 times lowest <
fluctuation value d)
\Y Replaces all above Relatively important 1 +5
Fet c[the voltage given influence
fluctuhti quantities for the
uctuption voltage fluctuation \
Noise level Relatively importay/_%e\ N \ <0,2
EUT Technology Fora 60 W .a. \) n.a.
incandescen
t voltage uct a fon
sl transfetred
Warming-up time \Te\cWogy dependent | n.a.
D|mm|ng vel 50 % of max. light +10 %
output
Light pensor, filter |Sen |t|V|t erls
and amplifier N Q Il noise
< %ty/offs{ éene y minor
tic \/\\gl'g?r if compliant with
’\ sensitivity curve
Bandwidth Minor if > 2 kHz n.a.
/\ recommended value
Test envirponment fca nois\e\/ Can be made 0 n.a.
negligible
Wbances Can be made 0 n.a.
negligible
Test grocedute %tion test Minor if larger than In relation to
both the transient of modulation frequency
the lightmeter filter
afe-the-tHmeperod—F
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 =", %, 1,2,3,4,5 |45 %

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. The model:

0

PSt = PSt'G1'G2 GN (B1)
where:
Ps(% is the true value
P is the measured value
G1 G4 ...G, are multiplicative corrections (with associated uncen major

influence quantities.
In the|case of testing an incandescent lamp, the major unce
o the
o the
o the
The ojerall uncertainty, can then be e
(B.2)

calculated in the logarithmic domain| (see

Subsequently, the e
IEC 6/1000-1-6 f ai
The tglerances o ickermeten and the test voltage, respectively 0,05 and +£0,02, can
be applied directlin ; budget with the same magnitude (normal distribution).

The xnc i byt from the test voltage fluctuation noise level (0,2) can be
estimated WS . combination of two illuminance fluctuations having different
fluctugtion &NCH oow the quadratic addition law (Aileret), see Equation (3) il [10].

Hencg, ) escent lamp, the combination of two voltage fluctuations also follows the
quadrptic summationfaw. Therefore, the uncertainty resulting from adding a residual (noise)
voltage / fluctuation to a wanted voltage fluctuation level can be calculated | from

éPS'\t‘ = \/(u,z)7 o —t= 0,02~

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 Py is U, = +0,07. The two major contributors to the
uncertainty are the light flickermeter and the test voltage.


https://iecnorm.com/api/?name=0c641bb7fc94fd6d8953e9da76b182c0

IEC TR 61547-1:2017 © IEC 2017

-31 -

Table B.2 — Uncertainty budget of the voltage fluctuation immunity test

Input X; Uncertainty Uncertainty of x; c; u(x;) c; u(xi)
quantity of x;
(plus/ (minus) (plus) (minus) (plus)
minus)
linear dB dB Probability divisor dB dB
distribution k
function
Uncertainty LFM 0,05 -0,5 0,42 normal 2 -0,22 0,21
light OFgt
flickermeter
Uncertinty TV 0,05 -0,45 0,42 normal 2 —0y22 021
from thle test 5Pst
\voltagg /\ aN
Uncertginty N 0,02 0,00 0,17 normal 00 0]09
test voltage 5P3t
noise
Combired ug NN o032 ofst
standafd
uncertginty
(SCU)
Expanded U, 0,07 \) 0,63 ol62
uncertginty N\

All sengitivity coefficients c; are assumed to bezéq\al toA

0y

9,

&

{
N/
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Annex C
(informative)

Examples of test results of lighting equipment

C.1 Test without voltage fluctuations

PS'-t'VI measurement results for three types of lighting equipment are given in Table C.1. No

voltage modulation is present on the mains i.e. measurements have been performed with a
stablgsotree:

Table C.1 — Numerical results PtV calculatio
for three EUTs without voltage modulatigh

EUT Type =
1 60 W incandescent lamp < WZN \
2 9 W self-ballasted CFL lamp 0,0 \
3 7W self-ballasted LED lamp | ( () ko028, )

C.2 | Test with (intentional) voltage

Pg mgasurement results for three type's
modulations in accordancg’with T 1

bltage

Relative voltage
fluctuation PLM
st
%
0,894 1,005
0,722 1,005
0,275 1,009
0,407 1,013
2,343 1,042
0,894 0,217
0,722 0,208
9 W self- 8,8 0,275 0,234
ballasted CFL
lamp 13,5 0,407 0,284
33,3 2,343 0,536
0,3250 0,894 0,167
3 0,916 7 0,722 0,166
7 W self- 8,8 0,275 0,188
ballasted LED
lamp 13,5 0,407 0,239
33,3 2,343 0,466



https://iecnorm.com/api/?name=0c641bb7fc94fd6d8953e9da76b182c0

IEC TR 61547-1:2017 © IEC 2017 - 33 -

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

Pg; (pu)

Recollds have been madeXor 6Q(s with\a~sam orded
signa i tively
in Fig 3 with

mains
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