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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: An objective voltage fluctuation immunity test method
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International Electrotechnical Commission (IEC) is a worldwide organization for
national electrotechnical committees (IEC National Committees). The objéct\ of
rnational co-operation on all questions concerning standardization in the eleetri
end and in addition to other activities, IEC publishes International Standard
hnical Reports, Publicly Available Specifications (PAS) and Guides (herea
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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 subcommittee 34: Lamps
and related equipment.
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The text of this technical report is based on the following documents:

Enquiry draft

Report on voting

34/212/DTR

34/220A/RVC

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list|of all parts in the IEC 61547 series, published under the general nt for
genenrgl lighting purposes — EMC immunity requirements, can be found on|the | ife.
The gommittee has decided that the contents of this publication | until
the stability date indicated on the IEC website under "http://x data
related to the specific publication. At this date, the publication
e regonfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
A bilingual version of this publication m
IMPORTANT - The 'colo rNde' logoion the cover page of this publication indidates
that| it contains coblours\ whi ar idered to be useful for the cofrect
coh S. ers should therefore print this document usihg a

und(Lrstandmg f it

colour prmter
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INTRODUCTION

Flicker perception, and the associated IEC 61000-3-3 standard for voltage fluctuations and
the flickermeter IEC 61000-4-15, is based on the 60 W incandescent lamp. As a result of the
phasing out of incandescent lamps and the widespread introduction of alternative lighting
equipment technologies, a new reference lamp was considered. It has been demonstrated
that new lighting technologies are in general less but sometimes also more sensitive to supply
voltage fluctuations than the current 60 W incandescent lamp. CIGRE working group C4.111
has assessed the impact of new lighting technologies on the existing flicker standards. Most
likely, the present flicker sensitivity curve of IEC 61000-3-3 will stay as the reference, but
because of the increased diversity of sensitivity of lighting equipment to voltage fluctuations,

there phting
equipment. i i.e. limit
voltage fluctuations caused by equipment connected to the grid, and jin ition lish a
mini i

This technical report provides an objective method and procedu unity of
lighting equipment against mains voltage fluctuations. With th ghting
indus{ry can gain experience with the flicker immunity tes ill be
repor

Baseq in the

immu
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EQUIPMENT FOR GENERAL LIGHTING PURPOSES -
EMC IMMUNITY REQUIREMENTS -

Part 1: An objective voltage fluctuation immunity test method

1 Scope

This

procedure for testing the immunity performance of lighting equipme

fluctu

art o , Wnich I1s a lechnica eport, establisnes an objeclive meino

btion disturbances on the a.c. power port.

and

against.'voltage

The gbject of this Technical Report is to establish a common and » ce for
evaluating the immunity of lighting equipment in terms of illumina i ‘ jected to
maing voltage fluctuations. Temporal changes in the colour of ighty\(ch i r) are

not cgnsidered in this test.

This method and procedure can be applied to lighting equip

IEC t

ethod and procedure described i
brd for voltage fluctuation limits

pe of

chnical comm|ttee 34, such as lamps and lumi i C i a low
50 by

0-3-3

The tgst method described in . and
50 HZ ifi

NOTE

2 N

The fq t and
are indi i iep. For
undat latest edition of the referenced document (includingl any
amen

IEC 6 Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitatjon of
voltage chahges, voltage fluctuations and flicker in public low-voltage supply systems, for

equip

IEC 6
meas

3 T

3.1

For t
IEC 6

mént with rated current < 16 A per phase and not subject to conditional connection

1000-4-15:2010, Electromagnetic compatibility (EMC) - Part 4-15: Testing
urement techniques — Flickermeter — Functional and design specifications

erms, definitions, abbreviations and symbols

Terms and definitions

and

he purposes of this document, the terms and definitions given in IEC 61000-3-3,

1000-4-15 and the following apply.
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3.11

flicker

impression of unsteadiness of visual sensation induced by a light stimulus whose luminance
or spectral distribution fluctuates with time

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

3.1.2
flickermeter
instrument designed to measure any quantity representative of flicker

[SOURCE: IEC 60050-604:1987, 604-01-28]

3.1.3

voltage flickermeter

instrument as specified in IEC 61000-4-15 which is designed a dantity
representative of flicker resulting from mains voltage fluctuatio

3.1.4

illuminance

quotignt of the luminous flux d®, incident on an ele L e, containing the [point,
by thg area d4 of that element

Equivplent definition. Integral, taken of the
exprepsion L,scos 6-d2 where L, is the ctions
of the| incident elementary beams of solic these
beam$ and the normal to the surface af the

Note 1 [to entry: llluminance i

[SOURCE: IEC 63{&

3.1.5

light flicker

instrument de of the
light ip an”obje

3.1.6

threshold of\flicker irritability

maximum(value of a fluctuation of luminance or of spectral distribution which gives ris¢ to a
flickerrrtolerated without discomfort by a specified sample of the population

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

3.1.7

short-term flicker indicator

Pst

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

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

[SOURCE: IEC 60050-161:1990, 161-08-18]
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3.2
a.c.
AM
CFL
CIE
cpm
d.c.
EUT
EMC
EMI
Hz
IEEE
IEC
IEV
ISO
I-SH
kHz
LED
LP
ms
rect
rms

E
Pst

EUT
Pst

Abbreviations

alternating current

amplitude modulation

compact fluorescent lamp

Commission Internationale de I'Eclairage
changes per minute

direct current

equipment under test

Uicbtl Ullldyl IUtib bUIIIpdt;L};“ty
electromagnetic interference

hertz

Institute of Electrical and Electronics Engineers
International Electrotechnical Commission
International Electrotechnical Vocabulary

International Organization for Standardizati
interpretation sheet

kilohertz

light emitting diode

low pass

millisecond

rectangular

root mean squa

relative~ehange of the rectangular modulation of the illuminance
relative change of the 100 Hz-illuminance ripple

instantaneous total voltage variation after a voltage fluctuation,

total voltage variation of the half-period rms value after a voltage fluctuation
mains frequency (50 Hz)

modulation frequency

modulation index

percent

percentage point

short-term flicker indicator

P-value of the standardised illuminance waveform E(z)

Pg-value of the illuminance of an EUT measured with the light flickermeter
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M P -value of the illuminance measured with the light flickermeter
Ps\t/ P -value of the supply voltage measured with the voltage flickermeter
Ps"tM . light flicker noise level

noise
PS\{ _ Pg; -noise level of the mains
noise
s the complex Laplace variable
" amplitude of the mains voltage
u(t) mains voltage signal
ug(?) output voltage of the light sensor amplifier
Trm modulation period
Tiest period of time over which the illuminance is measured bf the
voltage fluctuation

U half-period rms-value
4 General
The ilnmunity of lighting equipment tc be tested by applying specific
types|and levels of voltage fluctuations scordance with the short-term flicker
indicgtor Py, = 1 curve for the reference\i lamp of 60 W specified in
I[EC 6/1000-3-3. In this way, the ful is applied for flicker, i.e. voltage
fluctuations caused by equi hation
emiss bment
again cified
in this
Durin m the
thresh ghting
equip ed to
meas to the
flicker
5 V
5.1 |General
The immmumity test—agaimst—volttageftuctuations—is—Ttarred—out—maccordance—with—the  test

method specified in Clause 6. The disturbances are rectangular amplitude modulations that

are to

be applied on the a.c. power port.
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Voltage flickermeter

voltage
Apply stable a.c. mains source via A I~ y
reference impedance U+ U|EUT '@ - = 5 measure

> ¥ —>» P

7 60 W st
; . 60 W inc. lamp
inc. lamp Eye-brain ( )

model

model

EUT =
Apparatus

IEC

rigur - SUIEC 01TUUU=0-0,

I Vot ﬂ A
using the IEC voltage flickermeter IEC 61000-4-15

Apply a.c. mains
voltage fluctuation —> L+AL|EUT light flickermeter
corresponding to .
Py light

(60 W inc. lamp)

" Eye

— | - rain
EUT = Lighting
U + AU|®OW V equipment
Pst=1 IEC
The 1 ‘ ectangular signals with frequgncies

angular modulated mains signal u(z)

(1)
signum(x) =1 forx >0
signum(x) =0forx =0
signum(x) = -1 for x <0
Jm is thednodulation frequency = 1/7,.
Furthermore the half-period rms value U of the unmodulated mains signal can be written as:
U=uly2 2)
In IEC 61000-4-15, the parameter d is applied, which is the total relative voltage change:
d=Aulu=AUIU, (3)

for rectangular AM modulation with modulation frequencies < f

where
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Au 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.

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

d=2m. 4)

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

An expample of the parameters is shown in Figure 2.

Mains signal — rectangular amplitude modulation (\(\
40 (\

) i T NN ONDIIE
SR AN Il
ol LT TSNS A ]
g AL e D B
B oL L N AT TR AL
I Lol L DN NS L
NIRRT RERERRASR NN R AN

230 V; 50 Hz;rectangular ulation 8 Hz; modulation indexm = 0,1 |
0,3 0,35 0,4 0,45 0,5

CEET A INKRN vl

IEC

(230 V; 50 Hz). Rectangular modulation; frequency 5 Hz (600 cpm);

ition of the mains test signal including
dulated voltage fluctuation (see Equation (1))

Voltag L Svfrequencies are often expressed in terms of voltage changes per minute
(cpm) elath véen the voltage fluctuation frequency f,, and the c¢pm (one|cycle
contalns two.changes)is:

f.. [Hz] = cpom [changes per minute] / 120. (5)

5.2 Mains signal parameters

The unmodulated test voltage level U should be set and maintained at the nominal value of
230 V, with a tolerance of + 0,5 %.

The mains frequency f should be set and maintained with a tolerance of + 0,5 % of the
nominal value of 50 Hz.

Residual fluctuations of the unmodulated test supply voltage during a test may give rise to Pg;
that are not exactly zero. It is recommended to keep this Pg-noise level below 0,2. See
Clause B.5 for the impact on the uncertainty of the test.
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NOTE In IEC 61000-3-3 the P _-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 P_;-noise level tolerance.

5.3 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 Table 5 of IEC 61000-4-15:2010 also
as test signals for voltage fluctuation immunity testing of lighting equipment.

The recommended speC|f|c levels of relative voltage changes and modulation frequencies to
be a m the
flickeqmeter performance test spe0|f|cat|ons given in Table 5 of IEC 61000 : , and
from the test level at 8,8 Hz given in Table 2b of IEC 61000-4-15:2010. fequency is
the mpst sensitive frequency over the frequency range of interest.

The [rectangular modulation pattern should be applied e of
50 % f+ 2 percentage point (pp), and the transition time from\one wolfage next
shouldl be less than 0,5 ms. All test frequency and level cOmbinati iINgi t-term

flicken value of Ps\t/ = 1 corresponding to the threshold o

The duration of the voltage fluctuation applied
footnqgte c of Table 1).

(see

Table 1 — Voltage fluctu
fluctuations applied

ation of voltage
ower ports 230 V; 50 Hz

Rectan r amMe&\od at\\ns Wi\\&aty cycle of 50 % 2¢4d

Vollitage changes per minu { M atl(k’fre ncy Relative voltage fluctuatipn

. d = AUIU
cpy/\ z %

N "\, 10,3250 0,894
110 N 0,916 7 0,722

1 05%\ 8.8 0,275
@ 650\ \ 13,5 0,407
Af\QOO\\ 33,3 2,343

b Sg¢e Table 2b
Pl=1.

1000-4-15:2010 for P, ., = 1; the value of d = 0,196 % is increased to 0,275 % tp give

inst

¢ The duration of the voltage fluctuation and recording of the illuminance is recommended to be minimally 180
s [(60s for the transient response of the flickermeter’s filters and 120 s for the duration of the statjstical
evaluation of the flicker Tevel in block d, see A.2.5). First of all, the fransient response of the light
flickermeter’s filters shall 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
voltage 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 +2 %
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6 Test setup and equipment

6.1 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.

Generation test voltage:
mains voltage including voltage fluctuation

Mains frequency +

modulation Gain

Test waveform

Lamp/luminaire
generator

under test

i B ||

Amplifier

\ 4

M

Light sensor +
transimpedance
amplifier

1
1
1
1
1
1
1
1 .
l Measurement relativg
r illuminance
1
Data essing < Data acquisition !
L
1 S -
1
< \ ,uE(t)

1 A !
1

1

T N N 14C

Figure 3 — Block diagram voltage-fluctuation immunity test

6.2 Test voltage

The test voltage, which consists of the mains voltage with a rectangular amplitude modulation,
can be synthesised using 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 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 4 = 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 5.2 and 7.4.3 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 flickermeter (see 7.3.2).

6.3 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 EUJl and

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

It is recommended that the light output of the EUT is measured 8 bcting
surfage. This is especially true for lighting equipment with a spatial i { light
sources (e.g. TL, TLED, 2D LED matrix).

An integrating sphere, like an Ulbricht sphere, may b enient

because then the orientation and alignment of the EU i 5 less

criticql.

6.4 |[Light sensor and amplifier

A phqtodiode with a filter and an app 5 ifi ' i ing the

illumimance (or more specific: the relative-i i C .

The photodiode, optical pwing

charagteristics:

a) the optical filter shou ~ S todiod itivi 1931
1 3 ; 1

which is the CIg 19
b) the cut-off fr y

fregquencies. A cd

should enable measurement of all flicker-relevant
z is recommended;

c) the ‘ S plifie/should vary linearly with the illuminance and no ¢ffset-
VO C

6.5

The o ) of’'the light sensor amplifier is measured as a function of time ¢ver a

periog . output voltage ug(¢) varies linearly with the illuminance E(¢):

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.

1 Numbers in square brackets refer to the Bibliography.
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The measured signals are to be recorded for further processing.

6.6 Signal processing
6.6.1 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 6.6.2) 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

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

6.6.2 Sampling frequency

For pgrocessing of the signals, in accordance with the N qws pling
frequgncy shall be at least twice the bandwidth of the signa i ice the
highest frequency within the signal to be measured.

The mains voltage signal of 50 Hz with amplitude mdu ation ing , A0 Hz
has a|spectrum of interest up to the sum of the /ma ; i . Hence,
the frequency range of interest of the P

The illuminance signal has a spectrum of interes i bf the
maing signal for incandescent lamps. F 3 much
highef frequencies may be present d i these
muchlhigher frequencies afeNnot i i pling
(see §.6.1).

Interhjarmonics m :

Still fpr calculatin: i ghest
modulation freque equency and the possible interharmonics.[ The
flickeqmeter, and eter contain a bandpass filter (0,05 Hz to 35 Hz)), see
Annex A.

Althodg Jheg ency of interest in the illuminance signal is limited to approximately
200 Hz, the.way various digital filters are implemented usually requires oversampling and
therefore mughshigher sampling rates (see [9][12]).

For the Matlab implantation of the IEC flickermeter given in [14] a sampling rate of af least
2 kHz|is.recommended. Therefore, for the light flickermeter a sampling rate of at least # 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
6.6.1, the sampling frequency 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.
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6.6.3 Signal resolution

As a result of the recommended Ps\t/-noise level of 0,2 (see 5.2), the uncertainty of the

relative voltage fluctuation should be 0,2 times the lowest level of the relative voltage
fluctuation, which is 0,2 % 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 convertor more than 10 bits is required (signal-to-quantization-noise ratio
for 11 bits = -66 dB).

7 Verification procedure

7.1 |General
The fest is subject to uncertainties. Annex B gives an overvie lence
quantlties for the uncertainty.
In orgler to limit uncertainties of the test, it is recommend er of
verifidation tests at regular intervals.
The verifications tests are described in the following s
7.2 |Light flickermeter
Verifigation of the light flickermete en in
Clausg A.3.
It is fecommended that th | test
frequencies given in Table
(7)

where plied;
see H meter
using

E

I = a, (8)

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

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

7.3 Mains voltage parameters without modulation
7.3.1 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:

Ulrms] =230V 0,5 % (9)
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7.3.2 Mains frequency

Verify that the mains frequency f satisfies the following:

f=50Hz+ 0,5 %, (10)

7.4 Voltage fluctuation level
7.4.1 General

It is important to verify the level of the voltage fluctuation when a certain modulation is
appligd. Two options can be used for this verificalion.

7.4.2
Verify
(11)
Apply of the
peak e 1):
(12)

7.4.3

A flicK

Meas ) using the flickermeter, whgn no

st .
noise
modu

<0,2 (13)

noise

odulations to the mains in accordance with the specified test
easure the actual Pg-level using the flickermeter (PS\{) and [verify

Apply
levels

Pl =1+2% (14)

7.5 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 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 sure that tests are
executed below this level.
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Test environment

2015

Install the light sensor in the test environment where no EUT is present or in operation. Close
the 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
optical test environment by checking the voltage signal at the output of the amplifier.

Electr

ical shielding of light sensor and amplifier is highly recommended.

7.7 Light flicker noise
In thgory, if the illuminance from the EUT would be constant, then the PSLtM actice
howeyer, the light sensor and its amplifier and the light flickermet ve la nom-zero
result|if the illuminance is constant. This is called the light flicke Lt
Ise
shoul@l be noted that this noise level differs from the noise bltage
variatlons of the test signal (see 5.2 and 7.4.3).
The light flicker noise level PSLtM ~can be verified(as follows:
noise

Install a suitable a.c.-fed light source, ei andes er§>or halogen lamp. Feed theg lamp
with g constant voltage without modulati
Measure the illuminance and determine the actua evel using the light flickermetgr and
verify|lwhether the actual |gvel satisfies the fo ing:

(15)
8 T
The fq
a) m
b) swi
c) if the EUT has a light regulation function, then the light output should be set at 50 % [of the

mpximum light output (see Clause 9 for details);
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\t/ =1);

f) measure the PSLtM levels of relative illuminance waveform.

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

9 C

onditions during testing

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

appropriate stabilization time should be applied for the EUT before execution of the test.

The specification of the EUT or the type of technology may indicate the typical stabilization
time required.

The EUT should be operated as follows.

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

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

e An EUT including a light-regulating control should be tested at a light putput level<of{ 50 %
10 % from the maximum light output. If a light output level of 50 % j or the
EUT including a light regulation function, the test shall be doné at the.leve ich is
closest to 50 %. If two steps equally distant to 50 % are available\the lo 50 %
shlall be used for the test (see I-SH 01 [2] of IEC 61547 [1]).

e Luminaires and independent auxiliaries should be tested with lig ources. fop which they
arg intended. Where such equipment can operate with ligh G ages,
a light source of minimum wattage is recommended.

e If light sources can operate at different colours, s imum
light output (modulation off).

10 Ejaluation of the test result

The Aq-level that is measured by the fight flickem will generally differ from the R =1

test le i and the voltage fluctuation.

The results can be interpre

PSEUT =1, the E is & iehce have eqgual flicker behaviour as a 60 W incandgscent

lamp py an aver [ \ % of

the c3

PSEUT scent

lamp

PSEUT scent

lamp

11 Testreport

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

a)

b)
c)

d)

identification of the EUT and any associated equipment, e.g. brand name, product type,
serial number;

the relevant operating conditions of the EUT (light output level);

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;
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identification of the test equipment, e.g. brand name, product type, serial number;
any specific conditions necessary to enable the test to be performed;

the nominal mains test frequency and voltage applied;

the applied disturbance signals (modulation frequencies, relative modulation levels);
the duration of the test for each disturbance signal,

the acceptance criteria that have been applied (Pg-levels).

@%
S
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A1

Annex A
(informative)

Specification of the light flickermeter

The 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

adaptped flickermeter which uses illuminance as input instead of the volt
ance flickermeters or light flickermeter are described in various paper
modification can be implemented by skipping the parts of the incandescent

IHlumi

the c(

(see Figure 1).
4][6)[7]. The
odel |nside

rrent flickermeter (Figure A.1). <\
<

Volfage |
Sighal

[ i——loltage nlator with

-

o
)’Td/ 1o tiplier st : > ) th ce £
L —— | adapter ! multiplier H 17 order higlipass filter 6" order low-pass filtg
lock\3

Pst

[}
Block 1 Block 2 /\
- (3

[
]
. . H - num (s)
Statistic evaluation 1 03s+1 @ \S/qy&?‘g = \Iiz:lge den (;)
of flicker level E '.l 1# order 1 W{}%\S filtey) >n1ult1 lief. selector Weighting filtdr

\

Pit 1
|
Block 5 | é}o\ck 4 \ \ Block 3 -~
Output 5 /
Eye-brail syséka\
filter (Does.not Weighting filter
deplenrd on t
lamp 1y
IEC
Red blgcks indicate the ip cifie’blocks.

This 1

o blocks of the standardized flickermeter are not applied anfd part

third-blockyi S mitted (see Figure A.1). The papers [4][6][7] describe in deta]l how

of the
to ‘delete ponse properties from the flickermeter.
Block ¢ = Block d =
Block a Block b Block 4 Block 5
Squaring
Input o® @ muelztrl];;her Statistical PSLtM
——3| illuminance [ > 1% order low- P evaluation of |y,
adapter il the flicker
0,05 35 Hz 8,8 Hz pass filter level
and
" (t) Demodulation and eye-brain response filters scaling
E
llluminance voltage E(t) Bnst £o

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 this clause.

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 d.c. value:

o) __ (A1)
mean(ug(¢))
The d¢.c. value can be obtained using a 1St order low-pa unction with
frequency response as follows:
1
Flpsc(s) = (A.2)
7LPSC

wherg
s is the complex Laplace variable, and
TLPSC
The cprresponding filter ¢
Apply|ng the signal no i K i hance
level.
A.2.3
The fifst part of K t part
inclucle [ order
low-p tems.
See 5|
The qecond paft of block b is an eye-brain response weighting filter Ryp(s). It can be
obtained by rapplying’the weighting filter F\XF (s) of the voltage flickermeter, compensated for
the arllalog frequency response Fgi (s) of the reference 60 W incandescent lamp (see figure

A.1):

\
Fifts) = e (A3)

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

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 [7]):
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Fial (5) = K (A.4)

TL1‘S2+TL2‘S+1

where K = 3,57, 714 = 0,02 ms and 719 = 21,2 ms.

After substitution of Equation (A.4) into (A.3) the weighting function F\',‘V'\é(s) of the second part
of block b can be written for a 230 V/50 Hz system as follows:

0041661.54 144758 .3 1 27156.42 .20 830.¢
Fwr (5)=— 3 5 (A.9)
sT+196,32-5° +11781-5° +534 820 -5 + 3 505 380

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

Block|c has the same function as Block 4 of the flickermeter sp€si 1.5, 1000-4-
15:20(10.

The o¢utput of block c represents the instantaneou i atio . In the IEC
flickegqmeter, the output of block 4 is normalised us ue of
Pinst 7 1 during a 10 min flicker test, when a sine wave/m ] vith a
modulation frequency of 8,8 Hz and a modulation > 1] for
more [details). The scaling factor S acco i ’ 5es of

all thq filters applied.

Also fpr the light flickermeter such a sqgaling factp ue for
the light flickermeter, the illuminance\waveform“o candescent lamp subjected fo the
same|voltage signal used. ‘ ent of'the IEC,flickermeter, has to be applied:

12)-sin(2zfmt)} (A.6)

E(t) = quation (A.1), that shall produce P;,i; = 1 at the ¢utput
Jn = equency = 1/T,,

dg= elativée change of the sinusoidal modulation of the illuminarjce in
NOTE illyminance relative amplitude (dg = 0,630 %) was obtained from the average resufts of a

samplg of tendifferent™6Q W incandescent lamps.

A.2.5 Block d: statistical analysis

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

The output of block d represents the short-term flicker severity Pg;.

In order to ensure that the calculation of the short-term flicker severity Pg; is performed during
the steady-state of the flickermeter’s filters, the first 60 s of the instantaneous flicker
sensation Pj,, mainly corresponding to the transient response, should be discarded (see
footnote c of Table 1).
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The light flickermeter can be verified by applying standardised illuminance waveforms of
which it has been demonstrated that it gives PS'-tM-IeveIs exactly equal 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(2af;)}- {1+ (dg 1 2)- signum (sin(2afimt))} (A7)
wherg
E(¢) |is the relative illuminance; see Equation (A.1),
e equals 100 Hz = is the frequency of an illuminance ripple added
fm  [is the modulation frequency = 1/T,,,
d, equals 22 % = the relative change of the 100 Hz-illuminance ripple i
dg is the relative change of the rectangular modulation
signum(x) = the signum function, signum(x) = 1 for x
signum(x) =
signum(x) =
All tegt frequency and relative illumina hould give a short-term flicker
value |of exactly PSLtM =1 when applied t
Table A.1 — Test spegificati i uce fluctuations for lightmeter classifipr
Rectangulaf\anli\t\\de‘mo@thiWy cycle of 50 %; see Equation (A.7)
ge

Changes pe inute o\i@n frequency Relative illuminance chan
Q fm dE
cpom \/\ Hz %
39

N/ 0,325 0 2,538 6

/ﬁe\ \ 0,916 7 2,047 3

\056\\ \ 8,8 0,683 2

W \ > 13,5 0,778 0

00 \ 33,3 2,002 7



https://iecnorm.com/api/?name=e1075ad69bb707119bcfc83c5c24e9f9

IEC TR 61547-1:2015 © IEC 2015 - 27 -

B.1

Annex B
(informative)

Uncertainty considerations

General

This annex gives information related to uncertainty of the P result of a voltage fluctuation
immunity test. General information on uncertainty considerations of immunity tests can be

found

in IEC 61000-1-6 [B.1].2

B.2

X;

Xj

8X;
u(xi)
G

y

uc(v)
Uly) 3

B.3

The n
flicker

B.4

The T
overa

All th
one u

General symbols

influence quantity

estimate of influence quantity X;
correction for influence quantity
standard uncertainty of x;
sensitivity coefficient

result of a measurement (the estin neasurand), corrected
recognized significa 3

combined) standard
k-u.(y) expanded uncertainty,o
coverage factor = 2

Measurand

neasurand ocia
metric.

ncertainty valueof the P level associated with the test voltage.

The E

UT is also an imlnnrf:m’r, but also g difficult source of ||nr\nr’r2in1y’ bhecause the corr

for all

-term

e the

d into

ection

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 this annex we will consider the uncertainty
budget only for the reference 60 W incandescent lamp.

2 Numbers in square brackets refer to the Reference document in B.6.
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Table B.1 - P influence quantities and their recommended tolerances

Main category Sub category Importance Nominal value Recommended
tolerance/value
Mains supply Nominal voltage Minor 230V +0,5 %
Frequency Minor 50 Hz +0,5 %
Voltage fluctuation |Waveshape Minor <0,5 ms
(transition time)
Modulation frequency | Minor See Table 1 +1 %
Relative voltage Relatively important |See Table 1 +2 %
fluctuation
Duty cycle Minor 50 % /\}i\ep
Noise level of the Minor if d < 0,0275 % |n.a. 0,0
relative voltage (0,1 times lowest (
fluctuation value d)
P, of the voltage Replaces all above Relatively important |1 +2
. given influence
fluctuption s
quantities for the
voltage fluctuation \
Noise level Relatively importay/?a\ N <0,2
EUT Technology For 60 W- ma. \) n.a.
incandescenttamp, Q
Warming-up time TMogy dependent [n.a.
Dimmin evN 50 % of max. light +10 %
[\ ~ output
Light fensor, filter | Sensitivi inor of\nominal
and amplifier vels are’ well above
noise level
L@eem(il/c}\‘s\et \/\\G\yérally minor
tical filter }\/Iinor if compliant
with CIE sensitivity
curve
N ﬁ\dw th Minor if > 2 kHz n.a.
recommended value
Test gnviron nt\ (0) tMise Can be made 0 n.a.
negligible
\E‘lﬁdisturbances Can be made 0 n.a.
negligible
Test procedure Buration—test Miner-targerthen trretationto
both the transient of | modulation frequency
the lightmeter filter
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, 1,2,3,4,5 [+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. The model:

By = P3.G1.Gy - Gy. (B.1)
where:
PS? is the true value
P is the measured value

st

G4.Go|---Gy are multiplicative corrections (with associated uncert
influence quantities.

e major

In cage of testing an incandescent lamp, the major uncertaj
o the
o the
o the

The ojerall uncertainty, then can be expressed as:

(B.2)

Subsequently, t
IEC 6[1000-1-6 [

calculated in the logarithmic domain| (see

The tglerances of’the hg ermetep and the test voltage, respectively £0,05 and +0,02, can
be applied directlyi inty'budget with the same magnitude (normal distributiop).

The WUncettai ibuti from the test voltage fluctuation noise level (0,2) can be
estimated \ combination of two illuminance fluctuations having different
fluctuation fre es follow the quadratic addition law (Aileret), see Equation (3) in [10].
Hencg, for and escent lamp also the combination of two voltage fluctuations follow the
quadrptic summation’law. So, the uncertainty resulting from adding a residual (noise) vopltage
fluctugtion—= to a wanted voltage fluctuation level can be calculated | from

N Lo
OPY =02 T —T~ 002

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, = +0,05. The major contribution to the
uncertainty is from the light flickermeter.

B.6 Reference document

[B.1] IEC TR 61000-1-6:2012, Electromagnetic compatibility (EMC) — Part 1-6: General —
Guide to the assessment of measurement uncertainty.
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Table B.2 — Uncertainty budget of the voltage fluctuation immunity test

Input X; Uncertainty Uncertainty of x; ¢; u(x;) ¢; 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
: OP.
light st
flickermeter
Uncertinty 5 TV 0,02 -0,18 0,17 normal 2 —0509 0/09
from the test Pst
\voltagg /\ N
Uncertginty 5 N 0,02 0,00 0,17 normal 00 0/09
test voltage Pst
noise
Combifed u, SN 024 [ of24
Standajrd
Uncertainty
(SCU)
Expanded U, 0,05 \) 0,48 ola9
Uncertainty N\ A
All sengitivity coefficients ¢, are assumed to be egual tw > ( Q) N)

N/

&
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