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FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of |EC-is to pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
is end and in addition to other activities, IEC publishes International Standards, Iechnical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natienal Committee interd

the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance: with conditions determing
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,,as nearly as possible, an internat]
onsensus of opinion on the relevant subjects since each technicals committee has representation fro
terested IEC National Committees.

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

ansparently to the maximum extent possiblenihstheir national and regional publications. Any diverg
letween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
e latter.

FC itself does not provide any attestation* of conformity. Independent certification bodies provide confo
sessment services and, in some aregas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent cettification bodies.

Il users should ensure that they have the latest edition of this publication.

o liability shall attach to IE€_or its directors, employees, servants or agents including individual experts
embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising ouf of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn“to the Normative references cited in this publication. Use of the referenced publicatio
dispensablé_fer the correct application of this publication.

ttention \is.drawn to the possibility that some of the elements of this IEC Publication may be the subjg
atentrights. IEC shall not be held responsible for identifying any or all such patent rights.

The

main task of IEC technical committees is to prepare International Standards. Howevs

he International Electrotechnical Commission (IEC) is a worldwide organization for standardjzation comprjising
mote

. To
ons,

“IEC

sted

non-
bsely
d by

onal

n all

onal
IEC
any

order to promote international uniformity, IEC MNational Committees undertake to apply IEC Publications
ence
ed in

rmity

any

and

he or

and
IEC

hs is

ct of

r,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 61000-4-38, which is a technical report, has been prepared by subcommittee 77A: EMC —

Low

frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-38 of IEC 61000. It has the status of a basic EMC publication in accordance

with

IEC Guide 107.
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text of this technical report is based on the following documents:
Enquiry draft Report on voting
77A/881/DTR 77A/898/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 li

st of all paris inthe 1EC 61000 series, pllhliehnd under the gnnnrnl title Flnﬁfrnm:agreﬁc

compatibility (EMC), can be found on the IEC website.

The| committee has decided that the contents of this publication will remain unchanged unti| the
stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the ppecific publication. At this date, the publication will be
e feconfirmed,
o Wwithdrawn,
o replaced by a revised edition, or
e amended.
A bilingual version of this publication may be issued at a later date.
IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates

un
co

thﬁ it contains colours which are considered to be useful for the correct

erstanding of its contents. Users should therefore print this document using
our printer.

a
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INTRODUCTION

Flicker measurement systems are used to measure voltage fluctuations from equipment that is
tested in accordance with IEC 61000-3-3 and/or IEC 61000-3-11 standards. The IEC adopted
measurement and evaluation techniques that are specified in IEC 61000-4-15, but limits, limit
comparisons, certain exclusions, and test conditions for a variety of products are specified in
IEC 61000-3-3 (for 16 A/phase and below) and IEC 61000-3-11 (up to 75 A/phase).

This TR specifies recommended methods and acceptability criteria for performance verification
of test systems designed to measure voltage fluctuations and flicker in accordance with
I[EC[61000-3=-3andtEC61000-3-11-

A typical IEC 61000-3-3 and IEC 61000-3-11 compliance test system includes net“only|the
flicker meter, but also a suitable power source and a test impedance. The .fefergnce
impedance, per IEC TR 60725, is used for IEC 61000-3-3 tests, while the Z.¢; @s specified in
IEC|61000-3-11 is used for higher power products. This TR therefore also includes a methgd to
verify that the impedance, according to IEC TR 60725 or the Z; speeification, is within
reagonable tolerances and that the power source does not contribute, more to the measured
flickler levels as is permitted in IEC 61000-3-3 and IEC 61000-311.

Thig protocol is neither intended as a type test nor as an exhaustive test of all required flicker
meter capabilities according to IEC 61000-4-15. The primary objective is to verify, on a peripdic
basl|s, that the flicker test system, consisting of a previouslytype tested analyzer, a suitable
powler source and impedance unit, performs correctly, and that the system performance is| not
adversely affected by the system integration or by, deterioration of one of the system
components. For example this TR can be one of thelmethods to achieve accreditation of a|test
labqgratory or facility.

NOTE To characterize individual system components; both digital volt meters 1 and 2 (DVM-1 and DVM-R) in
Figute B.1 are needed, and care is taken that DVM-2 'nmreasures the exact same voltage point that the flicker meter
uses| as its input. For previously calibrated systems undergoing a periodic verification, the measurement of current
will generally suffice and the use of DVM-2 is not-mandatory.

The|purpose of the flicker test system’is to evaluate voltage fluctuations that may be caused by
the |tested equipment when this equipment will be connected to the public electricity supply.
The|flicker test system may have automatic limit evaluation software or firmware, data storage,
add|tional analysis capabilities; and report generation capabilities that facilitate the processs of
certjfying the tested products’according to IEC 61000-3-3 and/or IEC 61000-3-11.

The| primary purpose.of the test, verification, and calibration protocol in this technical repoft is
to ejstablish methods that may be used to verify that a given flicker test system measures [and
evaluates comion voltage fluctuations in accordance with the standards and thus allows|the
usef to perfor a correct pass/fail analysis of the tested product. Additional capabilities, quch
as the datasstorage, reporting, or analysis functions of the analyzer or test system may als¢ be
tested using some of the tests described in this protocol.

The methodology used in this protocol consists of applying a known load to the flicker test
system. This known load is modulated on/off, simulating an electrical product with varying
power demand, which in turn causes voltage fluctuations. Thus, not only is the flicker meter
tested, but also the power source that has to accommodate the varying power level and the
reference impedance or the Z;; as specified in IEC 61000-3-3 or IEC 61000-3-11 is tested.

The tests as summarized in Table 2 and Clause 10 may also be used to calibrate or adjust the
flicker test system, including adjustments to the test impedance and/or power source. This
calibration can be done by means of comparing the generated voltage fluctuations, verified by
using external reference equipment if so required, with the values reported by the system. This
calibration includes the response of the power source and the impedance that are part of the
test system.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-38: Testing and measurement techniques —
Test, verification and calibration protocol for voltage
fluctuation and flicker compliance test systems

1 [Scope

Thig part of IEC 61000, which is a Technical Report, defines a test protocol for flicker [test
systems designed to perform compliance tests in accordance with IEC 61000-3-3 [and
IEC|61000-3-11. It is intended to provide test system manufacturers and testing laboratdgries
with| systematic methods to determine if the flicker test system meets the IEC depgign
specifications for a wide range of voltage fluctuations and fluctuation frequencies, as specffied
in IEC 61000-4-15:2010, Table 5, that have been observed in product testing.

Thig protocol is intended to be compatible with related standards, in particular with [any
reqyirements set forth by listing organizations or measurement.standards of the IEC. Medting
the | criteria defined herein should not be construed as ,a‘waiver of any other releyant
performance or safety requirements.

The| main purpose of this technical report is to provide guidance and methods for peripdic
calibration and verification of systems consistingcof/previously type tested equipment. [For
conplete flicker test systems that exhibit deviations‘of less than 5 % from the specifications of
this| protocol, it can be assumed that individual components are performing properly [and
separate calibration of individual system components is therefore not necessary.

2 |[Normative references

The| following documents, in whole-or in part, are normatively referenced in this document [and
are [indispensable for its application. For dated references, only the edition cited applies.|For
undpted references, the latést edition of the referenced document (including any amendmelnts)
applies.

IEC|60050-161, International Electrotechnical Vocabulary - Part 161: Electromagnetic
compatibility

IEC| TR 60725, Consideration of reference impedances and public supply network impedances
for use jin-determining the disturbance characteristics of electrical equipment having a rated
curnent, <75 A per phase

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 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <75 A per phase and subject to conditional connection.

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

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161 as well as
the following apply.

3.1
linear resistive load
load unit that is predominantly resistive in nature, with negligible inductance and capacitance

3.2

load modulation
method to turn the load on and off, usually in a 50 % duty cycle pattern, with a frequency-that is
confrolled, either manually by the user or automatically by the test equipment

4 |General

In this technical report, all voltages and currents are stated as r.m.s values unless otheryise
described.

Flicker meters in accordance with IEC 61000-4-15 may be used for power quality analysis[and
suryeys covering a very wide range of voltage fluctuations. Elicker test systems, used to verify
that|a product complies with IEC 61000-3-3 and/or IEC 61000%¥3-11, have a more limited rgnge
of applications. The test class definition for flicker meters(used in a compliance test system, is
Clags- F2 according to IEC 61000-4-15, and a reduced:set of tests is applied.

For|example, the highest permitted d,,,, according.to IEC 61000-3-3 or IEC 61000-3-11 is T %.
Evep with a substantial margin, allowing voltage-fluctuations of say 10 %, i.e. more than 40 %
aboye the highest permitted d,,,,, the instantaneous flicker sensation P;,; will be limited t¢ no
more than 1 600. In addition, a d,,, level 010 % would require a power source that is capgable
of delivering up to 58 A for at least a half'cycle if the test is done according to IEC 61000-3-3,
and|in fact, as much as 92 A if tested according to IEC 61000-3-11.

Higher amplitude voltage fluctuations are therefore extremely unlikely during product tes{ing,
and|thus tests at these higherlevels are not provided for in this protocol as they would imgose
unnecessary demands and‘costs upon the system and the test method. Equally, the P leVel a
product is permitted to exhibit is 1,0, and thus tests exceeding a Pg; of 4,0 are not necesgary
for @ flicker complianceé-test system. Similarly, since a product is permitted to have a P ¢f at
leagqt 0,65, it is not,necessary to have extreme resolution or accuracy below a Py of [0,4,
althpugh the testing authority may include tests to Py, and Py levels below 0,4 or higher than
4,0 psing the tmethodology described in this protocol.

In general; the procedures and methodologies specified in ISO/IEC 17025 should be followed
to verifythat the test and verification signals, measurement protocols, external refergnce

equ nment and-—evaluation methods —specified in—this technical report are produced - Wwith
g g g g

sufficient accuracy to meet the stated goal of evaluating the flicker test system.

The test protocol uses rectangular voltage fluctuation patterns in accordance with
IEC 61000-4-15:2010, Table 5, possibly augmented — at the user’s discretion — by additional
tests from IEC 61000-4-15:2010, Table 1 and Table 2, and also employs a non-linear current
pattern to evaluate not only the flicker meter, but also the suitability of the power source and
the flicker test impedance.

5 Objectives of flicker and voltage fluctuations test protocols

The primary objective of this test protocol is to assure that a flicker test system meets the
requirements set forth in this technical report and produces results that lead to correct and
reproducible pass/fail evaluations when testing products in accordance with IEC 61000-3-3
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and/or IEC 61000-3-11. Thus, it is intended that various test systems that pass the tests
described in this protocol produce similar test results, within specified tolerances, when
evaluating the same equipment (unit) under test (EUT or UUT) under identical or near identical
environmental and test conditions.

Flicker test systems that are evaluated using this protocol should be obtained with the
cooperation of the system owner or the system manufacturer. The testing authority should
ensure that only the tests of this protocol are applied and that they correspond to the power
and current range for which the system is specified.

6 |Manufacturer’s or owner’s information required

To assist the user in correctly applying the tests in this protocol, the manufacturer or system
owner should provide detailed accuracy specifications on the flicker test system inaccordgdnce
with| its intended use. That is, the user should have enough information so that,.in its intended
environment, the flicker test system will be used within its voltage, current,-dy 5y, d.. Pinst [aNd
P, fanges. Essential information should be provided with the flicker test system package. [The
follgwing list is provided as an example, and may be expanded as required.
a) Manufacturer’'s name or trademark.

b) Product name and/or model number, serial number, and software or firmware identification.
c) Mains voltage and frequency operating range.

d) Limits for nominal voltage and current input range(s).

e) Limit for voltage variations at the flicker meter inpGty(+x,x % d,,,x and d.).
f) Pperating range of output 5 (P;,t) of the flicker meter.

g) Psi operating range of the flicker meter.

h) fompliance with applicable standards (&.g. IEC 61000-3-3, IEC TR 60725, IEC 61000-3
EC 61000-4-15 and applicable editions).

i) Device specifications and accuracy-specification.

11,

i) Installation and usage instructions.
k) Maintenance instructions as appropriate.

7 |Performance criteria

IEC|61000-4-15 defines the flicker meter in detail and provides certain accuracy requirements
incliding those.shown in Table 1 (reproduced from IEC 61000-4-15:2010, Table 5). It has been
shown, however, that different flicker test system implementations— all claiming to meet| the
accyracies,\defined in IEC 61000-4-15 — can still disagree significantly in some adtual
megsurements. It has been shown that the AC test source and the reference impedance |can
substantially affect the measured parameters. Problems with flicker analyzer implementatipns,
and|_inifial differences in interpretation of requirements in standards IEC 61000-3-3 |and
IEC 61000-3-11 have been found as well, although IEC 61000-4-15 has substantially reduced
the interpretation ambiguities. The informative Annex C provides some examples of typical
integration problems that have been found using the methods defined in this protocol.

The individual steps of the test protocol in this technical report are intended therefore to
provide a set of tests to ensure that the analyzer, AC power source, reference impedance or
Ziest @nd overall system implementation are correct and produce the desired results. To
characterize individual system components, both DVM-1 and DVM-2 in Figure A.1 are
mandatory, and care should be taken that DVM-2 measures the voltage at the exact same
point that the flicker meter uses as its input. For complete flicker test systems that exhibit
deviations of less than 5 % from the specifications in Clause 10 of this protocol, it can be
assumed that individual components are performing properly and separate calibration of
individual system components is therefore not necessary. If performance requirements are not
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met during a periodic verification, the use of DVM-2 is necessary in order to isolate and identify
the cause of deviations.

The performance criteria can be separated into two main categories, one being the directly
measured parameters such as d; and d,,;, and the other being the correct indication of the Pg;
value and calculation of the P value. The first category can be viewed as a system level test,
as it will reveal any errors in either the flicker meter, the test impedance, the power source, or
the overall system integration.

For test systems with a limited scope of use, only a subset of the tests might be required so as
© ate—acceptableperformance—over—some—specificrange-of-apphecation—orexample,
if a|particular manufacturer's EMC test facility only needs to test to a reduced powervlgvel,
there is no need to apply current levels that are higher than needed for the user’s products.
In gome cases, the user may adjust the system impedance, either by changing pasgive
components or by adjusting the programmable impedance. If required, and proyided the flicker
meter has appropriate adjustments, the accuracy of directly measured parameters — mainly
voltage — may be optimized by adjusting the instrument.
A tgst system meeting the requirements of this TR is recommended.for testing in accordgnce
with| the requirements of IEC 61000-3-3 and IEC 61000-3-11. Alernatively, this TR may be
used to demonstrate that a test system is not recommended for testing in accordance with
IEC|61000-3-3 and IEC 61000-3-11.
Table 1 — Calibration points from IEC 61000-4-15:2010, Table 5
Rectangular Voltage fluctuation %
changes per
minute (CPM) 120 V lamp 50 Hz 120 V lamp.60 Hz 230 V lamp 50 Hz 230 V lamp 60 Hz
system system system system
1 3,178 3,181 2,715 2,719
2 2,561 2,564 2,191 2,194
7 1,694 1,694 1,450 1,450
39 1,045 1,040 0,894 0,895
110 0,844 0,844 0,722 0,723
1620 0,545 0,548 0,407 0,409
4 000 3,426 Test not required 2,343 Test not required
4 800 Iest not required 4,837 Test not required 3,263
NOJTE 1 620 recetangular changes per minute correspond to a rectangular square wave modulation frequency of
13,p Hz.
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Table 2 — Summary of tests to verify/calibrate flicker test systems

Tablle 5, modulation tests
of 1110 CPM and higher at
the |luser’s discretion

modulationfrequency
producing current levels
sufficient to generate
voltage fluctuations that
result in P, levels
between 0,65 and 1,5

st LIy
max
proportional
to
modulation
levels

IEC 61000-3-3 and Test no. Description of load Required Comments
IEC 61000-3-11 settings and current result
Initial system test with a 1 Linear load of <0,4 P This test verifies that the
linear load, producing a approximately 29 Q AC source impedance is
sinusoidal current at resulting in a current level low enough, so that the
approximately 8 A of 8 A. The reference source does not contribute
modulated on/off impedance is in bypass more than 0,4 to the P,
mode, or the source with value, in accordance with
programmable impedance IEC 61000-3-3:2013, 6.3
is set to minimal
fmpedance
Lingar/non-linear current 2 Approximately 6 A linear Inductance | The inductance is
flow, generating current load plus approximately is within calculated from~the
and| voltage harmonics 6 A load that is controlled | tolerance impedance at-odd
thaf permit the inductance at approximately 90° and harmonicsyyWwhich in turn is
of the test impedance to 270° to generate computed, from the voltage
be determined harmonics. The reference and current harmonics
impedance or source
programmable impedance
is in flicker mode for this
test
IEC|61000-4-15:2010, 3to6 Load with controlled P, P ds For the low frequency
Table-5, modulation tests modulation frequency and-d oy modulation tests, the d}
of 1| CPM, 2 CPM, 7 CPM producing current levels levels parameter is verified and
or 39 CPM at the user’s sufficient to generate proportional | the resistive part of the
disdretion voltage fluctuations that to test impedance is verified.
result in P, levels modulation | The d. and d, 54 levely,
between 0,65 and 1,5 levels verified with external
DVMs, if so required, are
indicative of the resistiye
part of the test impedance
IEC|61000-4-15:2010, 7t09 Load with controlled P_, P, and | For higher modulation

rates, the d, parameter is
“0". Higher or lower P,
levels may be generated if
so required

NOTE All tests in this report are defined for an r.m.s voltage of 230 V +0,23 V and a frequency of 50 Hz, but|can
be gdjusted to other nominal voltages and frequencies as required.

8 |General test'guidelines

8.1 General

Thig technical report is intended to be used for the verification and calibration of flicker [test

systems- that are obtained with the cooperation of the manufacturer or the user of the [test
systn—wm-emwmmmmw i i i use

of the device.

To assist the user in correctly applying the analyzer or test system, the testing authority should
obtain detailed accuracy specifications for the analyzer or test system in accordance with its
intended use. That is, the user or testing authority should have enough information to assure
that the analyzer or system is used within its voltage, current, and power range(s) and within
the scope of its intended testing capabilities.

8.2 Essential information

Essential information should be marked on the device and supplementary information provided
with the analyzer or test system package. The following list is provided as an example of the

minimum information requirements.
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a) Manufacturer’s name or trademark.

b) Product name and/or model number, and all system components serial numbers.
c) Mains frequency operating range(s).

d) Limits for voltage and current measurement inputs.

e) AC voltage source requirements.

f) AC voltage source output, accuracy and stability specifications.

g) Compliance with applicable standards (e.g. IEC 61000-4-15, IEC 61000-3-3, IEC 61000-3-
11).

h) Flicker meter accuracy specifications and measurement range.

i) Reference impedance, and/or Z;.; specifications.
j) PBoftware and/or firmware version of the flicker meter and power source.
k) |nstallation and usage instructions.

9 |Test equipment and accuracy

Different types of test equipment are required for the individual tests given in this report. [The
test| equipment accuracy should be at least a factor of three ‘better than the accufacy
specifications given in the individual performance tests. The responsibility to verify [this
accuracy rests with the testing authority, but the methods)  procedures, and general [and
marnagement requirements specified in ISO/IEC 17025 should be followed. The recommended
performance specifications for external reference equipment, as given in Annex A of [this
report, provide a margin of at least 5:1 versus the régquirements specified in IEC 61000-4+15,
IEC|61000-3-3, and IEC 61000-3-11.

In principle, the test patterns can be verified with readily available high accuracy digital
voltmeters, current shunts, and digital oscilloscopes or with data acquisition systems with
suff|cient resolution, accuracy and memory. Annex A provides instructions for seledting
appfopriate test equipment to verify that'the intended test patterns are indeed present.

A slitable method for generating.the desired test patterns is provided in Annex B, but|the
testlng authority may use different methods to generate the required voltage fluctuat|ons
proyided that the chosen method controls a load such that the required current variations|are
achjeved and the method ‘is accompanied by analysis and/or measurements, following|the
requirements of ISO/IEC\17025, that prove the suitability of the method.

Furthermore, the test patterns described in Clause 10 and in Annex B were defined with| the
specific intent-to\verify complete flicker test systems. The test patterns are not necessarily
intended for~type testing, but they could be used to test specific system functions. For|the
purpose of‘wverifying just the flicker meter, including type testing, alternative test equipment|has
alrepdy (been developed, supported by detailed analysis and verification, and methods have
beep.‘successfully used. There are various testing methods used by national laboratdries
worldwide—Steh—alternative—methods—are—not—exclided—by—this—report—but—the—reader is
cautioned that various tests have shown that the AC power source and reference impedance,
as well as system integration, can have significant impact on the result for IEC 61000-3-3 and
IEC 61000-3-11 testing. Thus, testing just the flicker meter, or individual system components
such as the reference impedance, to be compliant with the applicable standards is no
guarantee that correct pass/fail evaluations according to IEC 61000-3-3 or IEC 61000-3-11 can
be performed when the certified flicker meter and impedance are integrated into a complete
system with an untested AC power source.

For the purpose of verifying a complete system, intended for compliance testing in accordance
with IEC 61000-3-3 and/or IEC 61000-3-11, the protocol outlined in this report should be
followed. The protocol uses a load unit that can be modulated to produce the specified current
and loading patterns for the AC power source, as described in Annex B. If the tested flicker
meter or complete system has provisions for adjustments, or has software defined adjustment
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routines, a subset of the specified modulation patterns may be used to adjust the analyzer,

refe

rence impedance, or system.

The loading patterns are not intended to be an exhaustive test, and it may reasonably be
expected that some deviations will be found when comparing systems with different types of
power sources. Such differences need to be within the permitted tolerance levels, but — more
importantly — should not affect the correct pass/fail decision of the system. The accuracy
requirements allowed according to IEC 61000-3-3 and IEC 61000-3-11 provide sufficient
tolerances to allow for minor deviations in reference impedance, flicker meter response, and
system integration aspects, thereby providing sufficient margin to prevent the deviations from

lead

The
defi
with

fronp the established nominal value under varying load conditions. Alternativelys the user
loy external reference meters and current shunts to accurately measure the current

emy
patt
suff

10

10.1
Pro

a)

b)

d)
e)

f)

g)

h)

procedures used in this protocol are based on controlling the current flow througd
hed resistive load. It is necessary therefore, to determine the value of the resistive loa
in 0,5 % and to make sure that the resistive value does not change by mereithan 0,

erns, in which case the absolute load values are not important, provided the loa
ciently stable.

Detailed test procedures

Procedures common to all tests
ceed as follows:
connect the flicker meter, AC power source, reférence impedance and modulation load

as shown in Figure B.1;

make sure all input power requirements_according to the manufacturer’s specifications
met;

record the software and firmware versions of all system building blocks;
prepare the system according to. the manufacturer’s instructions;

ndjust the flicker meter measurement settings such as the selected test voltage
100/120 V, 230 V, 50/60-Hz) and configuration for single or 3-phase tests as requireg
the specific test system

make sure the system is configured for a 12-period P test, if the system allows
Hefined observation periods;

configure the, AC power source and test impedance (Z.4 or Z.q) for the specific
ncluding programming the power source impedance if applicable;

configure the modulation load unit to produce the desired current modulation pattern;

perform the test and compare the obtained data and pass/fail decision against the expe
Frestlts as specified in the Tables 1 and 2. If the flicker meter, reference impedance, pd

ing to false PASS or false FAIL evaluations by systems tested according to this protocol.

h a
d to
5 %
may

H is

unit

are

e.g.
for

iser

test

cted
wer

4 4 4 : H F | H I ol £4. 1 i £tlo 4 4
UUTLEC, Ul ITOL SyoSlITIIT 1o AdAUjustduic 1T TTaluwdal© Ul SUTtwAlT, a STITULUIT UT 11T 1Tolo

ay

be used to make adjustments needed to optimize system performance. The selected tests

used for this purpose shall be included in the report. The adjusted system should meet
performance requirements of this protocol.

the

if the flicker meter or system being verified is suitable for 3-phase testing, the specified
tests can be performed for every phase individually. The testing authority may use a single
phase load and test each phase consecutively or use a 3-phase load and test all three
phases simultaneously. Care should be taken to account for the neutral impedance effects
which are different for single vs. 3-phase loads as shown in IEC 61000-3-3:2013, Figure 1.

NOTE The methods in this protocol can be applied at different nominal voltages. For example, the user can apply
all tests at nominal 220 V. Therefore the nominal test voltage in items b) in of 10.2.2, 10.3.2, 10.4.2 and 10.5.2 can
be replaced by a different voltage £0,1 %.
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10.2 Test no. 1 — Simple power source qualification test

10.2.1 Rationale

015

This test is to verify that the power source meets the requirements of IEC 61000-3-3, which
states that the power source may not contribute more than 0,4 to the measured Pg, value. For
this verification, an 8 A load is modulated on/off at the rate of 7 changes per minute (CPM)
(0,0583 Hz) or at 39 CPM (0,325 Hz square wave modulation). The 8 A is the mid-point of the
IEC 61000-3-3 test range, and the 39 CPM is sufficiently demanding on the power source
control stability. Alternatively, the testing authority may modulate the load to be varying
between different current levels, such as between 2,7 A and 10,8 A as shown in Figure 1. In

eith

This
test
spe
tole
the

resi
med

For
IEC

10.2
Pro

a)
b)
c)
d)

e)

el case, the power source snould not contripute more thah a gy o1 U,4.

test may also be modified slightly and used as a simple overall system test. Byjusing
impedance, i.e. setting it to the nominal value as opposed to the minimal or by-pass m

fance. The dynamic response of the power source may not be ideal, but this may not af
pbserved d, level. Using the test impedance will at least give a first orderverification of
stive part of the reference or test impedance and will verify general functionality of
surement instrument.

larger test systems, this test may also be run at much. higher currents, such as|
61000-3-11 applications.

.2 Test procedure
ceed as follows:

follow the common procedures specified in 40;1;

configure the AC power source for the nominal voltage, e.g. 230 V £ 0,23 V, 50 Hz;

use a suitable programmable load,”or the modulation load unit illustrated in Annex H
Create a rectangular current modulation pattern similar to the illustration in Figure 1.

verify that the measured P value is < 0,4.

set the test impedance (Z,4f Or Zi.44, OF the source programmable impedance) to minimal;

the
ode

cified in 10.2.2c) below, the generated d, level can be verified to be within the permitted

fect
the
the

for

, to
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Preloaded Tests
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4
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Figure 1 — lllustration showing@ rectangular 8 A
current modulation pattern at 7 CPM

Test no. 2 - Verification of the Z, ; and/or Z;.; impedance
.1 Rationale

test is to verify that the test impedance (Z
er source) has the desired inductance.

refr Ztest OF the programmable impedance of

.2 Test procedure
ceed as follows:

follow the steps diven in 10.1;
configure thesAG power source for the nominal voltage, e.g. 230 V £ 0,23 V, 50 Hz;

use either a-suitable programmable load or the modulation load unit illustrated in Anne
o create a waveform as shown in Figure 2, with linear load, and a phase controlled
whichis*capable of generating current harmonics which in turn produce voltage harmo
jue, to’the reference impedance;

the

X B
oad
hics

d)

+E $lo o4 Ll Z Z lal + ol £ 4+ | 4l
Ty UuraturcT Lref, Ltest, VT PpToyrdaimmiTauic mimpeudimTut UT TITT PUWTT  SUUTUT TTaS UTT TTY

ired

characteristics. The illustration in Figure 2 gives an example. There is no normative
impedance requirement in IEC 61000-3-3 other than at 50 Hz; the corresponding value for
the inductive part of Z.¢ and Z,.q; impedances is 796 uH. For the purpose of this protocol,
a tolerance in inductance of +10 % is recommended;

e) alternatively, the complex values of Z. or Zs may be determined individually by
appropriate methods.

NOTE Some power sources with a programmable impedance might not have a linear frequency response up to
2 kHz. Provided the response is linear to at least 100 Hz, the effect on flicker measurement is insignificant.
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Impedance - (Ohm) vs. F (Hz) _Inspect |
STA RT Inductance mH
Fre: Imped. | Current | ¥Wolts i
0 75; }4.1239 ‘0_2337 Iu.sns ! 12 = 12
1 _[850 4.7003 0.182  0.8559 o “
2 (950 52541 0.1793 0.9423
3 1050 57896 0.1466  0.8491 o
4 1150 6.2889 0.1446 0.9097 E 8 8 g
5 |1250 6.9113 01218 0.8424 5 _/ 5
6 1350 7.4208 0.1201 0.8913 6 6
71450 7.9573 0.1034 0.8235
B |1550 8.4663 01019 | 0.8628 a ,—/ q
9 1650 5.0881 0.0854 08133
10 1790 95711 0088 08425
11 1850 10,0971 0.0779 0.787 2 2
12 (1950 10618 0.0763 |0.8166
13 (2050 11.212 0.069 0.7736 0
14 |2150 11.7609 0.0675 0.794 800 1000 1200 1400 1600 1800 2000 <
Yoltage ms Volt scale Woltage [green] & current waveform [yellow) Inspect 1
=| 200v zi
mp T T T
Current - rms Amp scale
3490 Ll 2 Amp
I—_— ;I 4 Amp
Peak Current ;I 8 Amp
ﬁ _I i
| 100 Amp
Stop
IEC
Figure 2 — lllustration showing the method to determine the inductance of Z  or Z,{
The| angle where the current is turned on does,net have to be exactly 90° but should be w

+10

. Linear and phase controlled loads, both,having a resistance of 40 Q to 43 Q, yield 8§

thin
5A

to 9,1 A total current. The analysis of voltage and current can be performed with a harmpnic

ana

similar accuracy.

With a +10 % deviation in inductance, the total impedance becomes 0,485 Q instead of
idedl 0,472 Q, i.e. a deviation_inyoverall impedance of 2,8 %. This 2,8 % has in fact virtuall

effe
fact

10.4 Tests no. 3 to-6 — Low frequency rectangular modulation rates of 1 CPM to 39 C

10.4.1 Rationale

The

yzer meeting IEC 61000-4-7 (£5 % accuracy), or an oscilloscope with FFT capability

ct on the current modulation that is produced with a resistive load. When testing low pd
br equipment, however, the effect of deviations in the inductance value can be higher.

se tests—verify that the flicker measurement system evaluates the directly meas

parameters d,; and d,,,, correctly, as well as the P for these low frequency modulation r

The

the
dev

cofrect evaluation of d. and d,,,, is indicative of the Z and/or Z, impedances ha

) [}
iate, P, most likely deviates accordingly. Other modulation rates, not specified in

and

the
no
wer

PM

red
tes.

ing

max

IEC 61000-4-15:2010, Table 5, may be used for testing as well. For example, the 3,166 7 Hz
modulation for a modulation percentage of 0,473 % is illustrated in Figure 3.

Several of the low frequency modulation rates such as 7 CPM and 39 CPM can also be used
for a simple system check. The 4, value should be in accordance with the applied current
modulation level. If the d, value deviates by more than the permitted 8 %, further system

test

ing is not justified until the reason for the discrepancy has been found and corrected.

10.4.2 Test procedure

Proceed as follows:


https://iecnorm.com/api/?name=63603e4f1ff9ae9320f1570d81770fde

IEC TR 61000-4-38:2015 © IEC 2015 -17 -

a)
b)
c)

d)

follow the common procedure steps in 10.1;
configure the AC power source for 230 V + 0,23 V, 50 Hz;

configure the Z or Z,.; impedance, or set the source programmable impedance, to the
required value;

use either a suitable programmable load or the modulation load unit illustrated in Annex B
to create a current modulation pattern with the current and timing characteristics as given in
Figure 3. If the current levels are higher or lower than the nominal values given in Table 2,
adjust the target Py values accordingly. It is strongly recommended to use a load pattern

that results in a target Pg; of at least 0,65 and no more than 1,5. Additional tests for higher
Dm values may be made in addition to the test in the range from 0 65t01.5;

verify that the observed d,, d,,5y, @nd Py values for each of the four tests are within| the
equired tolerances. The permitted tolerance according to IEC 61000-3-3for gach
barameter is £8 % of the target value.

Prelnaded Tests

‘ﬁeleclgd pattem: ‘Mndulalinn @ 380 CPM. 0.48 % and Pst = 0.96
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>

IE|

O

Figure 3 - lllustration showing a rectangular modulation pattern at 3,166 7 Hz

10.3 Tests-no.7 to 9 — High frequency rectangular modulation rates of 110 CPM and |up

10.5.1 (Rationale

Thekextests \IDr‘If\JI that the Flicker measurement Q\J/anm evaluates the P measurement

ST
accuracy for the modulation rates of 110 CPM, 1620 CPM, or 4 000 CPM (110 CPM,
1620 CPM or 4 800 CPM for 60 Hz systems). The correct evaluation of d. will yield a reading

of “0” and d

max Should be equal to the selected modulation level.

10.5.2 Test procedure

Proceed as follows:

a)
b)
c)

follow the common procedure steps in 10.1;
configure the AC power source for 230 V + 0,23 V 50 Hz;

configure the Z. or Z;.s; impedance, or set the source programmable impedance, to the
required value;
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d) use either a suitable programmable load, or the modulation load unit illustrated in Annex B
to create a current modulation pattern with the current and timing characteristics as given in
Figure 4. If the current levels are higher or lower than the values given in Table 2, adjust
the target Py values accordingly. It is strongly recommended to use a load pattern that
results in a target P close to 1,00, but at least 0,65 and no more than 1,5. Additional tests
for higher or lower Py values, such as illustrated in Figure 4, may be made in addition to
the test in the range from 0,65 to 1,5;

e) verify that the observed d, d, 5« and Pg values for each of the four tests are within the
required tolerances. The permitted tolerance according to IEC 61000-3-3 for each
parameter is +8 % of the target value.

Preloaded Tests
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Figure 4=lllustration showing a rectangular modulation pattern at 1 052 CPM

10.3.3 (Uncertainties of this protocol, and methods to verify modulation accuracy

Theltest uncertainties when ||Qing this protocol, Inrgnly depend on the current measurement
accuracy. Most square wave generators, used to produce the modulation frequency, have
accuracies that go far beyond the £0,5 % specified in IEC 61000-4-15. Equally, the duty cycle
accuracy of square wave generators is much better than the +2 % specified for the modulation
pattern in IEC 61000-4-15:2010, Table 5.

Consequently, the accuracy of the patterns specified in this protocol are mainly determined by
the produced voltage fluctuations. These fluctuations are determined by the applied current
level, in conjunction with the reference impedance. For low frequency modulations, up to at
least the 39 CPM (0,325 Hz) point, the voltage can be measured either directly by DVM-2 in
Figure B.1, or by measuring the current level, using DVM-1, and calculating the “ideal” voltage
modulation that the measured current should produce. Generally, the current measurement is
the easier method, as the calculation involves substantial current changes, versus the relatively
small voltage changes that result from these current changes. For example, a current step
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through a resistive load from “0” A r.m.s. to 8,0 A r.m.s. would ideally cause a voltage change
from nominal 230,00 V to 226,80 V or a 1,39 % change.

So, for the lower modulation rates, one can observe both DVMs and verify that the measured
current produces the expected voltage change. In fact, the resistive part of the reference
impedance plus source and system wiring/integration, can be directly computed from the
measured voltage change and the observed current level.

The values of the resistors in the load unit are subject to temperature variations, but if the load

unit is operated for the duration required to obtain stable conditions, the load changes are
autc maticoallb s talean 1nta A oA At~ At fh A D\II\/I 4 r\v\d DVAM_2 mmaonciiranman 1

o
ooy o CTT T to- COTToSTO CTatroOT Vv It Tt vV - arr DV IV Z TTITCOoOUTr CTITeTIto™

The| modulation frequency and duty cycle can easily be measured to within the requjrements in
Annex A with a modern digital oscilloscope or a standard counter.

Given the required uncertainties for external measurement equipment in Anrex A, one [can
conclude that the following worst case uncertainties apply:

a) [Calculated ideal “DC” and expected Pg; value: 0,2 % based on current reading of DVM12.

b) Calculation of the resistive part of the total impedance up to DYM-2: £0,3 %.

Thepe uncertainties are a very small fraction of the permitted_tolerances in IEC 61000-4-15Jand
IEC|61000-3-3.
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Annex A
(normative)

Requirements for external test equipment to verify modulation accuracy

The following requirements should be met:

a) digital voltmeter (DVM) accuracy for frequency range < 50 Hz to = 500 Hz;
b) r.m.s voltage for 100 V to 250 V + 0,1 % of reading;
c) r.m.s voltage for 0,1 Vto 1V +0,1 % of reading +0,1 mV;

d) irectr.m.s. current measurement <1 A + 0,1 % of reading +0,3 mA,;
e) (irectr.m.s. current measurement < 10 A £ 0,1 % of reading £1 mA,;
f) purrent shunt accuracy +0,1 % from 50 Hz to 2400 Hz;

g) recommended shunt values;

h) K 100 mQ for current < 2,5 A;

i) [0 mQ for current <8 A;

i) P mQ for current <16 A;

k) [ mQ for current from 16 A to 75 A;

[) frequency measurement +0,1 %;

m) fduty cycle measurement +£0,5 %.
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Annex B
(informative)

Example test setup for modulation load unit

Load unit with modulation capability

Optional Power analyser
Ref. impedance per IEC 61000-4-15
= PLL x 1024 Phase control|
AR "0,
100 Vr.m.s. to - T \'/ ,_I.I |J—| ,J_l ]-
230 Vr.mss. —r-""l |§0.ooo ([~ 2 =1z |
: Y I T L i 0p
: Ref{pvm-2 [( V Ref. DVM-1 it
v H Vi.m.s. Ar.m.s. "E" co
50Hz to . ;_.‘ ’K
60 Hz Xy Ry ¥
shunt’}

Key
A a4
V

A tyf
are

refe)
refe)

Modulation
contr@l

rence impedance is used, while for IEC61000-3-11, the Z; ¢ values are specified.
rence impedance is shown in bypass made in Figure B.1.

Sonpe systems utilize a power source* with programmable impedance which synthesizes

resi
imp
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Figure B.1 — Typical test setupfor tests 1 to 9
pical compliance test system setup is shownuin Figure B.1. Most compliance test systems

suitable for both harmonics and flicker testing. For IEC 61000-3-3, the IEC TR 6(725

The

the

stive and inductive part of the réquired Z,o or Zi..;. Most 3-phase systems utilize an agtual
pdance box, as the neutral impedance is required according to IEC 61000-3-3 or
61000-3-11, and it is exeeedingly difficult to emulate the neutral impedance with agtive

load unit can be implemented with a series of linear loads and a set of phase contrqlled

h as

1-1 measures the current in conjunction with the shunt, while DVM-2 measures the apglied

ues
hus

rmine-whether the deviationsare caused-by the power source-and/or reference-impedance

inaccuracies, or by inaccuracies in the flicker meter. Measuring the voltage with this DVM-2, at
low frequency modulation rates, also permits the user to verify the resistive part of the
impedance.

The loads used in the above example are resistive, with minimal parasitic inductance or
capacitance, although this is not very critical provided the phase shift between current and
voltage is less than 5°. The resistors should be stable to within £0,5 % under modulation
conditions. Letting the system warm up for a few minutes with the selected modulation pattern
should assure sufficient stability. The voltage generated across the shunt and measured by
DVM-1 may also be used to verify that the modulation rate and duty cycle of the modulation are
in accordance with the expected patterns.


https://iecnorm.com/api/?name=63603e4f1ff9ae9320f1570d81770fde

-22 - IEC TR 61000-4-38:2015 © IEC 2015

Annex C
(informative)

Some typical flicker test system integration issues to avoid

Annex C lists several of the more common issues found when an individual user either
integrates a flicker test system with instruments from various suppliers or makes site specific
wiring arrangements. All the examples were encountered and easily identified by applying the
load patterns described in this technical report.

The| first example (see Figure C.1) includes a nearly perfect power source, a perfectisipgle
phape reference impedance with the exact Z. values from IEC TR 60725, and yet prodyced
measurement errors in the order of 10 % to 12 %. When the interconnect impedance and| the
(very low) output impedance of the source are added to the value of the refereneelimpedance,
the total impedance is 10 % to 12 % too high.

Sonpe power sources have “external sense” capability, and if the user were-fo connect thes¢ as
shown, this effectively bypasses the reference impedance similar to usingthe bypass switch as
is dpne for harmonics analysis. Obviously, the flicker readings would“be very low, only a yery
sm4ll fraction of the real values.
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Figure C{1-~ Single phase arrangement with excessive or near “zero” impedance

There are,several integrated harmonics and flicker measurement systems that have a buljlt-in
refe
evel ave—the
separately. In those arrangements, the power source output is wired to the input terminals of
the harmonics and flicker analyzer similarly to what is shown in Figure C.2.

It is not uncommon to see these systems without the external sense lines installed. In those
cases, the flicker meter “sees” as much as 465 mQ at its output terminals, and thus will have
flicker readings that are grossly overstated. Note, however, that even with the external sense
lines installed, there can still be an output impedance of 10 mQ to 15 mQ from the power
source, i.e. there is still an error of 2 % to 4 % in the voltage fluctuations that the flicker meter
“sees.”
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