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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-4: General — Historical rationale for the limitation
of power-frequency conducted harmonic current emissions

1)

2)

3)

4)

5)

6)

7)

8)

9)

from equipment, in the frequency range up to 2 kHz

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC is to promete internation
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end a
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repor
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGPublication(s)”). Th
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt w
may participate in this preparatory work. International, governmental and non-governmental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization f
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations

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

IEC Publications have the form of recommendations for international use and are accepted by IEC Natior]
Committees in that sense. While all reasonable efforts are ,made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible in their hational and regional publications. Any divergence betwe
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the lattg

IEC itself does not provide any attestation of‘conformity. Independent certification bodies provide conform
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for a
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its-directors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any naturewhatsoever, whether direct or indirect, or for costs (including legal fees) a
expenses arising out of the)‘publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Attention is drawn tostheé Normative references cited in this publication. Use of the referenced publications
indispensable for_the correct application of this publication.

Attention is drawn-to the possibility that some of the elements of this IEC Publication may be the subject of pate
rights. IEC shall*'not be held responsible for identifying any or all such patent rights.
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IEC TR 61000-1-4 has been prepared by subcommittee 77A: EMC - Low frequency
phenomena, of IEC technical committee 77: Electromagnetic compatibility. It is a Technical

Report.

This second edition cancels and replaces the first edition published in 2005. This edition

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a)] relation between compatibility levels, emission limits and immunity requirements clarified
b} sharing of emission levels between LV, MV and HV clarified;
c] new historical information added.

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

Draft Report on voting

77A/1136/DTR 77A/1141/RVDTR

LIl information on the voting for its approval can be found in the‘report on voting indicated
e above table.

= T

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
ag¢cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availab
al www.iec.ch/members_experts/refdocs. Thexmain document types developed by IEC a
described in greater detail at www.iec.ch/pubtications.

Al list of all parts in the IEC 61000 series, published under the general title Electromagnef
compatibility (EMC), can be found em’the IEC website.

The committee has decided that.ithe contents of this document will remain unchanged until tH
slability date indicated on.the IEC website under webstore.iec.ch in the data related to tH
ecific document. At this date, the document will be

¢| reconfirmed,

e | withdrawn,

o | replaced by a revised edition, or

e amended.

ic

e

contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment

Compatibility levels
Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of product committee
Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines

Installation guidelines

Mitigation methods and devices

Pprt 6: Generic standards
Part 9: Miscellaneous

Epch part is further subdividéd into several parts published either as international standards
a$ technical specifications or technical reports, some of which have already been published 4§
s
i

ctions. Others will be published with the part number followed by a dash and a second numb
entifying the subdivision (example: IEC 61000-6-1).

IHC TR 61000:174:2005 (first edition) gave a historical rationale for the emission limits f
eqiluipment upto 2005. Since there is new historical material available about the developmen
il the paStseveral years, SC77A is adding this new historical material as a revision
IHC TR<649000-1-4. The revision also clarifies and amends some existing statements that a
npw,kKadwn not to report the history until 2005 correctly.

~

p

DI
[s
Df
e
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-4: General — Historical rationale for the limitation
of power-frequency conducted harmonic current emissions
from equipment, in the frequency range up to 2 kHz

1| Scope

This part of IEC 61000, which is a technical report, reviews the sources and effects Jof pow
frequency conducted harmonic current emissions in the frequency range up to 2.kHz on th
Iblic electricity supply, and gives an account of the reasoning and calculations leading to th

p
existing emission limits for equipment in the editions of IEC 61000-3-2 [1]1, up\to and includir
tHe-second-edition{2000) and-itsfirst amendment (2001D)-—and-inthe first editionof |IEGC- 6100

oo CoMGTCOtiom (Z v ou/anad o ot artc g it (Z o U5 a1 ot S OtoT oo O 1Too

3H22004) the fifth edition (2018) with Amendment 1 (2020), and incthé second edition
IHC 61000-3-12 (2011) [2].

The history is traced from the first supra-national standard‘en low-frequency conductg
emissions into the public electricity supply, EN 50006:1975,3]“and its evolution through IE
(0)555-2 [4] to IEC 61000-3-2 [1], IEC TR 61000-3-4 [5] apdNEC 61000-3-12 [2]. To give a fi
picture of the history, that of the standard for the measurng instrument IEC 61000-4-7 [6]
mientioned as well.

pd

DTE All IEC standards were renumbered starting from 9000 from 1998-01-01. To indicate the references

stpndards withdrawn before, or not reprinted after, that date, the “60x” prefix is here enclosed in parentheses. Heng

“IEC (60)555-2".

Spme concepts in this document apply toalVlow voltage AC systems, but the numerical valug

S

apply specifically to the European 230 V/400 V 50 Hz system.
NOTE A rationale for the limits—infuture—complete revisionsof 1IEC 61000-3-2or IEC 61000-3-12 or both-will be
influded-in-a new technical report.

2| Normative references

The following documents are referred to in the text in such a way that some or all of their conte
constitutes requirements of this document. For dated references, only the edition cited applie
For undated references, the latest edition of the referenced document (including ar
amendments):applies.

IHC 61000 all parts), Electromagnetic compatibility (EMC)

(2

y

1 Numbers in square brackets refer to the Bibliography.
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b1 U U-3-4  FlactiromagheticcombatbiHiN/ (=M ——Fart S-4° 1 imite | ImirTarinon ofr am
= IO 0 G > a G o = ci O < S o G
a

xO
Fpr the purposes of this {@ment, the terms and definitions given in IEC 61000 (all part

apply. C)

-

17

30 and IEC mai@ terminology databases for use in standardization at the followin
afldresses: C)

IEC Ele édia: available at https://www.electropedia.org/
ISO@ne browsing platform: available at https://www.iso.org/obp

g

O
4 \@eneral appraisal

The electricity supply industry intends to supply electric power with a sinusoidal voltage
waveform, and customers' equipment is designed to operate correctly on such a supply.
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However, because the internal impedance of the supply system is not zero, a non-linear load
connected by one customer produces distortion of the voltage waveform that-may can adversely

affect another customer's equipment, as well as equipment in the supply system itself. There

is

no type of load or supply system equipment that is totally immune to distortion of the voltage
waveform,—altheugh and “natural” immunity levels (those achieved by customary designs
without special attention to improving immunity) vary greatly. Based largely on experience of
the amounts of voltage distortion that give rise to evidence of malfunction of, or damage to,

equipment, compatibility levels of voltage distortion for the low-voltage (LV) public supp

ly

system have been determined and are given in IEC 61000-2-2 [7]. The correspondences
between these levels and other values are shown schematically in IEC 61000-2-2:2002, Figure

AJT. Compalibility Tevels are set as an acceptable compromise between immunity o harmonig
and reduction of emissions. Methods to check that the immunity of equipment to voltag
distortion is adequate are given in IEC 61000-4-13 [8].

Lqgically, compatibility levels would be set somewhat below the lowest acceptable immunity levels, but those dg
were hard to come by in the past. Recommended immunity levels were first established in [IEC 6%000-4-13.

The intention of applying limits on the harmonic current emissions of equipment connected
tHe public low-voltage (LV) system is to keep the actual levels of veltage distortion on tH
system below the compatibility levels for a very large proportion of the“time, and below low
levels, known as planning levels, for a lesser but still large proportion of the time.—(Se

Flgure-1.)

NOTE 42 Emissions into the medium-voltage (MV) and high voltage (HV) systems can be controlled by oth
methods and procedures. See IEC TR 61000-3-6. [9]

z

DTE 23 In some countries, the electricity supply industry placesreliance on IEC 61000-3-2 [1] to control emissio
r¢m portable equipment, whether the point of common couplifg\is at LV, MV or HV.

—

Emissions from equipment are expressed as\currents, because these are largely, but n
completely, independent of the source impedance of the supply system, whereas the voltag
distortion produced by the equipment is_almost proportional to the supply-system impedand
and therefore has no definite value. A product that draws a non-linear current from the supp
system-may can alternatively be regarded as drawing a sinusoidal current, while emitting in
tHe supply system harmonic currentsof the opposite polarity to those that it actually draws.

@)

pmpatibility levels are set, using system disturbance data and standardized immunity level
s¢ that the probability of thewsystem disturbance level exceeding the lowest immunity test lev
s| acceptably low, and at\pfesent is set at 5 %.

NPTE 4 Because the/Sydtem disturbance level is an aggregate of the emissions of very many loads, the emissi
limits for equipment@re-set at quite low disturbance levels.

NPTE 5 For system design, planning values of disturbance levels are adopted unilaterally by distribution systg
oferators; thes€™are not expected to be exceeded but are not subject to standardization.

S
e

NS

m
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Compatibility
level
System g ; Equipment
= disturbance immunity
@ level level
[0}
©
>
5
®©
Ke)
2]
o
Sy
N I O O L TTTTD 1 1T
Emission limits Planning Immunity
individual sources levels test levels
Disturbance level IEC 748/05

5| Acceptable provisions in standards related to'regulatory legislation

The equipment manufacturing industry can accept requirements in a voluntary standard, whog
application—may can be determined by custom“or moderated during individual contra
negotiations, that would be unacceptable in a standard backed by regulatory enforcement. F
example, a standard-may can contain provisions that, if fully applied, would result in very lor
tgdst times. Parties to a contract might waive these provisions, wholly or partly (calculation
simulation might be employed, for example) whereas in an enforcement situation, no deviatidg
frbm the provisions might be allowed.

Bpth EN 50006:1975, 7.1 and) IEC (60)555-2:1988, IEC (60)555-2:1988/AMD1:1988 ar
IHC (60)555-2:1988/AMD2:19885%, 5.3.1 [4], required the test operator to search for worst-cas
conditions using the contrels of the equipment under test, and in IEC (60)555-2, this w4
rgquired for each harmonic in turn. Such a test might well take many days, with no assurang
that another test operator might not find a different worst-case condition for just one harmoni
Spch a provision was:also contained in IEC 61000-3-2:1995 (first edition), Clause C.1 and w4
not removed until"thé publication of IEC 61000-3-2:2000/AMD1:2001 (second edition) [1].

Alstandard@iudst not include regulatory requirements: it is concerned only with the procedure
necessary to determine whether a product within its scope meets its requirements.

e
Cct

g
DI

n

S

6| “History of IEC 61000-3-2 and its predecessors

6.1 History table

The revision histories of IEC 61000-3-2 and IEC 61000-3-12 are given in Annex G (informative).

An up-to-date table of the entire publication history of each IEC publication can be obtained v
the IEC webstore at https://webstore.iec.ch.

6 IEC (60)555-2 was withdrawn in 1995 and replaced by IEC 61000-3-2.

ia
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6.2 Before 1960

The most numerous non-linear loads were television receivers with half-wave rectifiers.
Because most of these had mains connectors of reversible polarity, the DC components
approximately cancelled. The number of receivers installed was insufficient to create any
significant system problems due to harmonic current emissions, but there is evidence that there
was enough random unbalance of polarity of connection in some countries for the resultant DC
component to cause corrosion problems in underground cables.

6.3 1960 to 1975

Phase-controlled dimmers for household lighting began to be marketed. These created_high-
frequency conducted emissions, thus initially drawing the attention of radio-spectrum protectign
alithorities. Measures to limit these emissions could be made mandatory, but it was.also notgd
tHat the dimmers produced harmonic currents and there was no practicable way ofireducing the
rgtios of harmonic to fundamental current.

Al system survey in Europe determined the 90th percentile value for supply impedance f
gdsidential customers (who were mostly fed by overhead LV distribution)@s={(0;4-+40,25)chm|
here—h-is—the-harmonic—order (0,4 + ;0,25) Q, and this value pwas included in IEC T
)725:1981 [10]. In addition it was determined that without some(control of emissions fro
mmers, the voltage distortion might grow to exceed acceptable levels (later to be calle
dompatibility levels”).

o oE 3
a3 07 =

NOTE  Thereis-no-direct rnlahnnchnn between r\r\mnghhnlnhl levels-ard emissionlimits gnnnrall\l Furtherinformatibn

pati Hissio
w%%ubjeepean%eieaﬂdm%

NPTE In IEC (60)555-2:1982, Annex A [4], the supply impedahcte was regarded as purely resistive and inductiye
4 +jh0,25) Q, where h is the harmonic order number). How&ver, evidence was later presented that showed that
thp impedance rises above 500 Hz more nearly proportioral to the square root of frequency, rather than proportioral
to| frequency. The impedance presented to a particukah'load at the interface with the network (which is what
dgtermines the voltage distortion produced by the_ current emissions from that load) includes the effect of the
imlpedances of other loads on the feeder. Even adight 10 kW load due to other equipment considerably lowers the
inMlpedance at high-order harmonic frequencies. See 6.9.

—
_

The first standard on this subject (@€cording to its own text it is not based on any previods
sﬂandard) was the European standard EN 50006:1975, implemented as various nationpl
sfandards, including BS 5406:1976. This standard took burst-firing techniques into account and
also covered voltage fluctuations, now the subject of IEC 61000-3-3 [11] and IEC 61000-3-11
[12]. Limitation of harmonic\current emissions was achieved by:

o | prohibiting the use'of phase control for heating loads over 200 W;

e | applying limits fer odd-harmonic emissions;

e | applying limits for even-harmonic emissions to both symmetrical and asymmetrical contrpl
techniqles.

The limits" were expressed as voltage-harmonic percentages, produced with a supply system
whase-impedance (for single-phase loads) was (0,4 + j10,25) Q. However, the test procedufe
actudlly required measurement of the harmonic currents, from which the voltage distortions
were calculated.

EN 50006 [3] does not include any explanation of the derivation of the limits, which are
preserved as the Class A limits in IEC 61000-3-2, up to the 2000 edition (second edition). In
fact, the numerical values were undoubtedly established piecemeal by negotiation between
supply industry and equipment manufacturer experts. The retention of a strict mathematical rule
for determining the values would not have been a priority for either group.

There was a study that led to an approximate algorithm for determining the cumulative
contribution of many dimmers set at different firing angles to a net voltage distortion level at the
terminals of the LV transformer feeding the final distribution. (See also Annex A.)
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6.4 1975to 1982

During this period, a more comprehensive standard, IEC (60)555-2 (published in 1982), was
developed. Still effectively restricted to 220 (380) V to 240 (415) V 50 Hz European systems, it
was adopted by CENELEC as EN (60)555-2 in 1987. It introduced three sets of limits; the
original current limits unchanged from EN 50006, limits 1,5 times greater for products used only
for short periods, such as portable tools, and special limits for television receivers, although an
exemption for receivers whose input power was less than 165 W caused the limits to apply only
to a small proportion of the receivers manufactured. The limits were expressed directly as
currents, even for television receivers.

NOTE Al 1EC standards—wererenumbered-in-the 60000 series—from—1998-01-01 To-indicate-the references

SARaaGS

0
sthndards withdrawn before or notreprintedafter that datethe '6xxx' prefix is-here enclosed inparenthes€a Mente

eprheaat a-Gates Pt Hoated =2

1

Although IEC (60)555-2 included an annex that claimed to explain the derivation-of'the originpl
cyirrent limits, in fact, it did not do so, merely citing the voltage distortion (limits that wefe
ncluded in EN 50006 without explanation.

5 1982 to 1995

W
-

6

This period saw three profound changes; the great expansion of the‘dse of switch-mode pow
snrpplies, both in business and in the home, the intimation thatimandatory regulation of the
electromagnetic compatibility (EMC) characteristics of electrenic products would be introducgd
il Europe, and the further intimation that the European public etectricity supply would be subje
“product quality” requirements.

—_ =
(o)
Q)
—

The early standards, EN 50006 [3]and IEC (60)555-2, did not apply to professional equipment,
buit there is no relevant definition in either standafd, although EN 50006 cites “office machinery”
a$ an example. Thus it was unclear whether the'standards applied to desktop computers. Thijs
wgs clarified in Europe by a decision that such*computers were “household appliances”, so that
tHe orlglnal current limits applied. (But CISPR 14/EN-55014-was not-applied-for high-frequengy
-+ However the great expansion-of single phase consumer electronics using direct gn
lime switch mode DC power units, such as television receivers and desktop computers, led o
significant peak flattening of the supply voltage waveforms due to near coincidence of the large
clirrent pulses drawn by these products. Although direct-on-line switch mode DC power unifs
provided technology advantages (higher efficiency, lighter weight, smaller size), the near
coincidence of the large cufrent pulses being drawn can result in significant distortion of the
slipply voltage wavefofm.” (Products with transformer-fed non-switching supplies haye
proportionally lower emissions because the series impedance of the transformer results in|a
larger conduction angle of the rectifiers.)

Ap a result, thé.development of the successor to IEC (60)555-2 was extremely controversial.|lt
has been sdggested that while the electricity supply industry continued to work in depth on the
development of IEC 61000-3-2, the involvement of the equipment manufacturing industry was
leiss structured. This-may could be true, but should be seen in the context that “equipmept
anufacture” is a very diverse industry sector, whose sub-sectors have very different prioritigs
carisidering harmonic current emissions, while the supply industry has very little diversity jn
priorities, mainly deriving from differing infra-structure configurations in different countries.

IEC 61000-3-2:1995 (first edition) introduced many new features. Most notably, it applies to
“[all] electrical and electronic equipment having an input current up to and including 16 A per
phase and intended to be connected to public low-voltage distribution systems.” (However,
‘professional equipment”, as defined in the standard, enjoys exemption from some
requirements.)

IEC 61000-3-2:1995 thus includes requirements and limits that apply to several different types
of product, grouped into four classes. It effectively applies only to European systems, as for
previous standards.
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NOTE 1 It is still not known whether the characteristics of 220 V to 240 V, 50 Hz supply systems in other countries
are sufficiently similar to the European for the standard to be applied, while it has been shown that “scaling”
operations, intended to make the provisions applicable to systems of other voltages and frequencies, are rather
unreliable. Different distribution system configurations affect the effective supply impedance and the propagation of
harmonic currents through the system. The characteristics of electricity supplies world-wide are under study in
SC77A.

Class A is a general class, applying to products within the scope that are not specifically
included in another class. The limits are derived from the original voltage limits, dating
effectively from before 1975, and the assumed supply impedances at the fundamental and
harmonic frequenmes The limits are related to the current emissions of dimmers for

<l ] o A [»]
I GIIUUO\JUIIL difiyo. JUTT ATITICTA .

Class B is a specific class, applying to portable tools, which are assumed to be used for-shgrt
periods only (a few minutes). The limits are 1,5 times the Class A limits. As far_as, can he
determined, this factor of 1,5 is purely heuristic, although for the third harmonic,cene piece pf
equipment that just meets the third-harmonic limit of 3,45 A thereby takes up'almost all the
allowable fraction (0,25) of the compatibility level of 5 % that can be allocated to’the low-voltage
neétwork.

NOTE 2 For an explanation of the “allowable fraction of the compatibility level”, see Annex A.

Class C is for lighting equipment, which has to be carefully defined. There is not a single set pf
Iivl[;its for this class, and the limits are quite stringent. Some of‘these originally appeared, with
similar values, in the product standard IEC (600)82 [24], now withdrawn. See Annex C.

Class D applied originally to products drawing a current-pulse from the supply that lay within
specified mask centred on the peak of the current waveform. The rectifier conduction angle
a|typical high-efficiency direct-on-line DC powef\unit is 35°. The individual low-order od
harmonic currents emitted by a group of such, ptoducts add nearly arithmetically, producir
pe¢ak-flattening of the voltage waveform of single-phase supplies. This class was intended
apply to DC power units, separate or built,into products, and was based, after considerab
sfudy (including the effect of supplying thé rectifier with already peak-flattened sine waves), ¢
a| rectifier conduction angle of approXimately 65°, with some heuristic adjustments
agcommodate other products. See Annex D.

O>0DOoOQOAOJo

=}

The Class D limits, which are preportional to the active power drawn and are thus expressed
mA/W, were nominally aligned with the (fixed current) Class A limits at a power of 600 W, bl

J
— -~

because of rounding errors;the limits of the two classes for each harmonic become equal
significantly different powers, which caused some confusion initially. It was possible

determine that the expected effect on the supply system was that the compatibility limits wou
npt be exceeded with these limits applied. The details of this prediction are given in [31] arn
[22].

[eRNeNNe]

Itjlwas also~agreed that there should be a lower bound to Class D below which no limits would
apply, because the impact on the network of a large variety of such products would he
agceptable. The lower bound was set at 75 W, with a provision to reduce to 50 W “after four

years”. It was not realised that this is not a provision that could actually be implemented as
s%ﬁmmmmmmm ; i ' 7Si ' i i ot

been implemented.

NOTE 3 There is no definite date from which to count the period of four years, because IEC standards are voluntary
and can be applied, or not, at any time. Furthermore, IEC standards can only be amended by a voting process, which
must-be is contemporaneous; National committees cannot determine which way they-should will vote on a provision
that would become effective many years in the future.

Unfortunately, the conduction angle of 65° required to meet the limits of Class D results in a
rather unacceptably low efficiency of the power unit, manifesting as heat emission or the need
for the inclusion of an inductor or an active power-factor correction circuit, at extra cost.

Consegquenthy; This requirement-was—and-stillis;-by-farthe-mostcontroversialtt was introduced

on the grounds that statistical evidence showed a rising level of voltage distortion on European
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networks, together with daily variations in the 5th harmonic levels that tracked with television
viewing habits. The rate of rise determined in several European countries was about 1 % over
ten years, although not all the data were measurements at the same sites or at the same times
over the ten-year period. But the “background” level due to miscellaneous sources was about
3 % in some places and the compatibility level was 5 % for the 5th harmonic at that time, so an
unchecked rise could have had serious consequences in about ten years. Considering the
service lifetimes of the products concerned (3 years to 10 years), it was clearly necessary to
forestall any close approach to the compatibility level some years before it was forecast to
occur.

simply stated as, “any product consuming x watts has an equal right to produce y % of harmonijc
clyirrents”. Consequently, the classification and limits derived for television receivers wefe
applied to all products with a DC power unit. However, this principle does not allowforthe fart
that there are, for example, far more television receivers in use than, say, some tare piece pf
s¢ientific equipment, of which there-may might be only ten in any one country..So”applying the
limits to the ten rare units, at a cost, achieves nothing of any significance to the well-being pf
tHe supply network or its load equipment.

AFrincipIe known as “equal rights” was applied in the setting of limits at that time. This can tte
n

NOTE 4 “Equal rights” also suggests that the allowable harmonic emissions-should ‘would be proportional to the
pqwer drawn by the product. From the equipment design point of view, this is entirelyjlogical. Fixed current limits afe
vgry lax for low-power equipment and-may can be very stringent indeed for higher-power equipment.

The introduction in Europe of mandatory control of EMC (characteristics effectively turngd
IHC 61000-3-2 into a quasi-legal document,-and althoughiit-was not editorially suited to sugh
afrole.

6{6 1995 to 2000

Amendment 1 to IEC 61000-3-2:1995 (first_edition) was issued in 1997. It introduced the
fdllowing changes:

| “The designation shall be specified by the manufacturer” was added to the definition pf
“professional equipment". (Unfertunately, a definition is not allowed to contain |a
requirement, so other committegs have not been allowed to adopt this definition verbatim|)

e | Test conditions for vacuum €leaners and air-conditioners were added to Annex C.

Amendment 2 was issued-inFebruary 1998. This introduced requirements for lighting equipment
wjth active input power not'greater than 25 W. The limits applying to Class D, without the lower
bound of 75 W, can_be applied, or, in addition to limits for low-order harmonic currents, the
clirrent waveform-f@ay can meet shape requirements. In setting these requirements, note wgs

y

— limits for motor driven equipment with phase angle control;

— test conditions for kitchen machines;

— asymmetrical control methods;

— symmetrical control methods;

— test condition for arc welding equipment intended for non-professional use.

None of these involved fundamental changes to the standard.

In accordance with IEC publication procedures, this third amendment resulted in a second
edition, dated August 2000.
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6.7 The “Millennium Amendment”

An initiative in CENELEC led to a reappraisal of the standard, with much discussion in a working
group. The output document was referred to IEC SC 77A, and this resulted in further very
extensive discussions. During this time, economic considerations were introduced as a specific
subject (see Annex E). By the end of 1999, a somewhat reluctant consensus had been achieved,
mainly on the grounds that further discussion would not produce significant improvement, and
it had been agreed to begin work, immediately after finalizing the amendment, on a full revision
of the standard, with documented rationales for all provisions. The resulting amendment
became known as the 'Millennium Amendment', because it was substantially finalized at the
bggmning of 2000.

Upfortunately, Amendment 3 was also in process in IEC during 1998 and 1999, and ‘the IEC
ptocedures resulted in a divergence of the editions of the IEC standard from those of CENELEC,
which implemented the Millennium Amendment, but not the third IEC amendment, in |a
consolidated edition, creating confusion that might have been avoided.

The Millennium Amendment eliminated many of the ambiguities and uncertainties that made
the 1995 edition difficult to use in a regulatory situation. It also abandoned the mask for
determining Class D membership, on the technical grounds that_fer-some products it was
impossible to be sure whether they should be in Class D or not. Inst€ad, it substituted what was
finally a rather short list, of high-volume products with high simultaneity of use, which contribuge
(ip the absence of built-in mitigation measures) to odd harmonic currents of little phase diversity
(rpther than the overall harmonic content of the system voltage): personal computers, persongl
computer monitors and television receivers.

The amendment also included a clarification of thesrequirements for lighting equipment.

8 2000 to 2019

6

The second edition of IEC 64000-3-2 was issued in 2000, followed by Amendment 1 in 20(Q1
and Amendment 2 in 2004:Fhe third edition followed in 2005 and was amended in 2008 and
2009. In 2006, a new conéept, “impact factor approach”, was introduced, but after very long
discussions, it did not _achieve consensus. However, it has not been completely abandonef.
Sgke 6.9.1.

In 2005, SC7ZAbecame aware that the use of APC reduced inrush current in on-line rectifiefs
and allowedgnore active power to be drawn from the supply. These are direct benefits to produft
specifications, thus providing economic justification for the additional cost of AP
Cpnsequently, the low-frequency conducted emissions of many types of product were greafly
rqdyced.

7

The fourth edition was published in 2014. This edition includes the following significant technical
changes with respect to the previous edition:
a) a clarification of the repeatability and reproducibility of measurements;

a) a more accurate specification of the general test conditions for information technology
equipment;

b) the addition of optional test conditions for information technology equipment with external
power supplies or battery chargers;

c) the addition of a simplified test method for equipment that undergoes minor changes or
updates;

d) an update of the test conditions for washing machines;
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e) a clarification of the requirements for Class C equipment with active input power < 25 W,
f) an update of the test conditions for audio amplifiers;

g) a clarification of the test conditions for lamps;

h) an update of the test conditions for vacuum cleaners;

i) the addition of test conditions for high pressure cleaners;

j) an update of the test conditions for arc welding equipment;

k) the reclassification of refrigerators and freezers with variable-speed drives into Class D;

[)] the addition of test conditions for refrigerators and freezers. A

The fifth edition was published in 2018 as a technical revision. This edition inclu@\s/tr
fdllowing significant technical changes with respect to the previous edition: ('1/

al an update of the emission limits for lighting equipment with a rated powerﬁl% W to tal
into account new types of lighting equipment; .

N
’
b) the addition of a threshold of 5 W under which no emission IimitsQeip%Iy to all lightin
equipment; Q

c) the modification of the requirements applying to the dim Qwhen operating no
incandescent lamps;

d) the addition of test conditions for digital load side transmisé&) control devices;

e) the removal of the use of reference lamps and refere{\’&g)ballasts for the tests of lightir
equipment; g\\

f)l the simplification and clarification of the termino szed for lighting equipment;

g) the classification of professional luminaires f Qage lighting and studios under Class A;

h) a clarification about the classification of e gency lighting equipment;

i)] a clarification for lighting equipment inc@%ﬁng one control module with an active input pow
<S2W; \‘S\

j)] an update of the test conditions‘f levision receivers;

k) an update of the test conditions&or induction hobs, taking also into account the other typg
of cooking appliances; \O

)] for consistency with LE@£61000-3-12, a change of the scope of IEC 61000-3-2 fro
“equipment with an ir@current < 16A” to “equipment with a rated input current < 16A”.

9 2020 to 2022@ ‘

9.1 Impact(&or approach

6
6
A different@oach to conducted emissions and their limits might be considered in futu
edlitions @ C 61000-3-2. Initial considerations are described in Annex F. This approach h3
béen @nsively discussed in committee (see 6.8), but so far no consensus has been achieve

e

e

g

=
1

g

m

6.9§</_Ef.£e.c1_o.f_t.h.e_co.to.naui.tus_pa.n.demir from 2020 to 2022

The restriction to on-line meetings of necessarily short duration caused the maintenance of
standards, and other subjects needing extensive discussion, to be postponed until face-to-face

meetings resume.

7 History of IEC 61000-3-12 and its predecessor

7.1  Origin
IEC 61000-3-12 was adapted from IEC TR 61000-3-4 with the following changes:
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e |EC 61000-3-12 is limited to equipment rated < 75 A per phase. IEC TR 61000-3-4 can be
applied by the distribution system operators (DSOs) for equipment rated > 75 A per phase.

e The IEC TR 61000-3-4 assessment stages were not kept in IEC 61000-3-12 since the DSO
is not required to decide whether the equipment can be connected to the public low-voltage
network if the harmonic current emission limits in the relevant tables are met.

e |EC TR 61000-3-4:1998, Table 1, Table 2, and Table 3 are slightly modified and included in
IEC 61000-3-12:2004 (first edition). Table 4 is also added for balanced three-phase
equipment under specified conditions and given relaxed limits that account for the 5th
harmonic current phase angle diversity compared to single-phase equipment.

eo| Table 5 is added for C-less drives in IEC 61000-3-12:2011 (second edition). All the tablgs
undergo changes.

o| The reference fundamental rated equipment current 7, is replaced by the reference currept
I, for the calculated emission limits. /. is the average RMS input line clryént that fs
measured during test.

o| THD and PWHD are replaced by THC/I s and PWHC/I ., respectively.

ref

m

C 61000-3-12:2011 has type test conditions for some types of equipment in Annex A. Anng¢x
has an illustration of linear interpolation of the 5th harmonic currgnf values based on Rq,

(o8]

~

2 1989 to 1998

HC 61000-3-2 deals with equipment rated at up to 16 A/phase. A complementary documert,
dealing with equipment rated at over 16 A/phase, was prepared as IEC TR 61000-3-4, |a
Technical Report type 2 (“prospective standard-for provisional application”), by a team
comprising experts from ES, FR, DE, IE, IT, YUKGByand US. Some conclusions of the team wefe
rgcorded:

e| an arithmetic superposition law was used for harmonics up to the 5th and a geometric law
for higher orders;

o | approximately 75 % of the compatibility level-{forthefifth-harmonic,forexample} for low-

order non-triplen harmonics is transmitted from the MV level and is present as a background
disturbance throughout the LVynetwork. Hence only 25 % of the compatibility level is left for
the admissible additional.yoltage distortion due to non-linear loads connected to a speciffc
LV supply. For harmonigéoorders above approximately the 13th, phase diversity allows|a
higher percentage of the' compatibility level to be allocated to the LV network. See Annex A.

Rpugh calculations,sdepending on different assumptions on the partition of distorting loadp,
yielded:

o| 11, <11.% (UKGB)
o 151, <15 % (IT)

o 15T =9 % 0 16 % (DE)

It was decided that the limits should depend on the short-circuit ratio Ry, with higher limits
with higher Ry, but remain in principle in the range of the rough calculations.
Further studies were made to find a justified relation between the Ry, values and the limits.

The detailed calculations are lost. An attempt to “recover” the basis of these studies, and relate
it to the limits in IEC 61000-3-12, is presented in Annex G.

This rationale does not consider the provisions of IEC TR 61000-3-4 in detail, since all but one
(relating to equipment rated at over 75 A/phase)-will have been superseded by provisions of

IEC 61000-3-12-by the time that the rationale-is published.
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3 After 1998 Q}’
9%

7

Ap was expected, experience gained from applying IEC TR 61000-3-4 led toqggﬁosals for
changes to be incorporated in IEC 61000-3-12. After a very great deal of disg:. sion, a firpt
voting document was circulated in 2003. N

Q/
Q
Q
Q;\

1 First edition in 1991 &Q~

8| History of IEC 61000-4-7 up to 2008

8

Ap the title indicates, this was a “general guide” (but it was Q)a Technical Report of any kind).
Itlallowed analogue measurements as well as digital, the, | r only recently becoming possible
dbie to improvements in low-cost computer hardware. A gue methods can work for harmonjic
siectra with near-stable harmonic amplitudes, bulr much equipment produces fluctuating
harmonic amplitudes. The measurement bandwi @was nominally set at 3 Hz. (At that timp
IHC 61000-3-2 did not exist: emission limits we& pecified in IEC (60)555-2, which was und¢
rgvision in 1991.) s\&

. . b i QG
Ap editorial correction was published in @4.

2 Second edition in 2002 A’\Q

8

This edition is very different f &che first edition. Only digital methods are specified, and the
s¢ope was greatly changge@ nstead of a “guide” the document is a “standard” and it is|a
cpmplete and normative@ cification of a measuring instrument for testing individual items pf
eqluipment in accordance with emission limits (such as in IEC 61000-3-2), as well as for
measurements in s&%y systems (see IEC 61000-4-30 [16]).

In spite of thig{gound change, the title of the document was not changed.

o

The bas @easurement bandwidth was set at 5 Hz, but this was profoundly modified by the
contrn‘%ial introduction of “grouping” — summation of the measured values over 50 Hz (jn
50 ystems) centred on each harmonic frequency. This effectively increases the
measurement bandwidth from 3 Hz to 50 Hz, but there was no corresponding change of the
emission limits in IEC 61000-3-2. This “grouping” change allows interharmonic emissions to be
taken into account, but whether they should be summed with harmonic emissions is still a matter
of debate. To resolve this issue on a temporary basis, a concession to use an instrument
complying with the first edition was introduced, provided that its use was reported with the
results.

An editorial correction was published in 2004.

8.3 Amendment 1 to the second edition

This very large amendment was published in 2008 after several years work in the responsible
committee. Amendment 1 includes corrections to several mathematical expressions and
symbols, new and revised definitions and many changes to the text and some figures.
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he major changes and additions are:

Various definitions are added, such as the group and sub-group total harmonic distortion
THDG, and THDS,.

The partially weighted harmonic distortion is added — PWHD,, ,,.

Inter-harmonics measurements and inter-harmonic grouping are defined. Technical
considerations for grouping are explained in an informative Annex C.

A measurement window of 200 ms allows the same processing of 50 Hz and 60 Hz signals,
WItIT @ 5 HZ spectral resofution. The digitar 1,5 s LP TIItering for 50 HZ and 60 HZ 15 definep.

—_

A transitional period that permits the use of instruments that adhere to the older\19¢
version of IEC 61000-4-7 is included in the second edition with Amendment 1.

h informative Annex B explains the measurement methods up to 9 kHz, with ‘grouping |n
D0 Hz intervals. Annex B also includes information on an artificial mains netwerk (AMN) o
cilitate measurements up to 9 kHz.

4 Developments since 2008

brious developments in the emission standards IEC 61000-3-2 anrd IEC 61000-3-12, requife
endments and updates to the second edition with Amendment4¢The responsible committegs
ve been working on various topics. Some of the work on a new edition was delayed due fo
hgoing discussion on what is called “grouped limits” for IEC,64000-3-2 [1], and possible impaft
h  IEC 61000-4-7 (mainly whether or not IEC6%000-4-7:2002 and I[EC 61000-4-
2002/AMD1:2008, Clause 7, allowing the use of “editioyt 1” instruments can be deleted).

summary, the agreed upon changes/additions¢gnctude:

A change in title of the standard to betterkreflect its content.

Adding definitions for POHC (partial odd-harmonic current) and POHV (partial odd harmonjc
voltage).

Clear definition of the phase angle measurement and evaluation to support IEC 61000-8-
12:2011, Table 4 and Table 5, and for general purposes of harmonic current assessmer
Application examples are_detailed in a new Annex D.

—

Measurement methods\ef the partial odd harmonic current (POHC) which is specified |n
IEC 61000-3-2 for Clags-A evaluations.

Various editorialsmatters, some proposed by National Committees, and some required 3s
IEC guidelineshave changed or have been updated.

Given the_éxtensive changes, a new edition 3 of IEC 61000-4-7 will be published.

Economic considerations taken into account in setting limits in
IEC61000-3-2 before publication in 1995, and before the finalization of the
text of the Millennium Amendment

Only passive mitigation was considered by IEC as economically practicable at that time, and
only for single-phase equipment. Approximately €1 or $1 would be added to the production cost
(not selling cost) for a TV-set, i.e. approximately 1 % to 2 % for high volume, not low-price
products (a self-ballasted lamp is a typical low-price product).

The cost-sharing idea was implemented by the lower power bound of 75 W:

no harmonics limits up to this power value; costs only to the supply system;

existing harmonics limits beyond this power value; costs to both the product and the supply
system (because the harmonic currents are not zero!).

This was considered in setting the limits in Table 3.
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The limits of Table 1 and Table 2 were taken from the older European standard (EN 50006) into
IEC (60)555-2. No definite information on economics is available for the limits in these tables.
In the European Standard, the scope was restricted to household appliances, and experts from
that sector were actively involved in the work. It might be assumed, therefore, that the economic
effects of the introduction of the limits were acceptable at that time, by the parties involved.

During the preparation of the Millennium Amendment, consideration of economic aspects was
intensified. As a result, many products were re-allocated from Class D to Class A (see 6.6).
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Annex A
(informative)

Compatibility level and compensation factor

A.1 Explanation of the allocation of only part of the total compatibility level to

the low-voltage network

Harmonic distortion at LV-, MV- and HV-levels in the network is mainly produced by harmanfic

clyirrents of non-linear loads installed in the LV-network. The resulting harmonic distortion.in the
LY-network is the geometrical sum of the harmonic voltage drops in the LV-network ahd-in all

s
L

H
n
tr
T
tr
tr

T
of
re
th

C
o
S

VIIue which can be derived from the ratio of thevimpedance values. 25 % of the total 4V
f

ystems.

perimposed MV- and HV-systems. According to IEC standards, the harmonic distoftion in the
/-network shall not exceed the compatibility level given in IEC 61000-2-2.

grmonic currents of non-linear loads in the LV-network, in the MV-netwerk”and in the HY-
ptwork produce harmonic voltage drops at the harmonic impedapces of the LV/MY-
ansformer, of the MV/HV-transformer and of the HV-network including-génerator, respectively.
ne percentage harmonic voltage drops correspond approximately to the percentage
ansformer impedances which are given by the percentage short circuit voltage of each relevahnt
hnsformer.

ne typical percentage impedances in European networks_aregiven in Figure A.1. The partitign
the total compatibility level into the parts assigned to ‘€ach voltage level reflects roughly the
lation of these percentage impedances. In order to dccount for the geometric summation pf
e voltage drops, the share value of 25 % for the kV-network is increased with respect to the

mpatibility level is therefore used in IEC 61000-3-2 and IEC 61000-3-12 for the assessmept
the maximum harmonic currents from non=linear loads in the LV-network for 230 V 50 Hz
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AU, X Thv

SLAV (% MV

Sr 20 %

lso % (100%)

N _@ﬁ

AU,
SLmv v 1 I Xy

40 % (50%)
.

l4o % (50%)

I —
SL’LV q? ILV
40 % (100%)

® AC voltage source (infinite powersystem source)

@ Transformer symbol
Sa Global power delivered by the integrated power system
SLHV Load power consumed by HV customers
STmv Transferred power from HV to MV
SLmv Load power consumed by MV customers
Sty Trangtérred power from MV to LV

NEY, Load power consumed by LV customer

Bold/italic numbers show percent of global power

(Rarentheses show percent of power from previous nearest bus)
IEC

Figure A.1 — Harmonic voltage drops and harmonic
current injections in a typical system

NPTE The'shares allocated to the three voltage levels are summed geometrically on the assumption that the phage
arjglesg@resrandom.

A-2—Compensation factor
A.2.1 Derivationfrom-the-modelin-Figure-A-1 Maximum permissible current

emission — original approach

From-the-model; The maximum permissible current emission from equipment at each harmonic
frequency can be shown to be:
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iheq = UncLhnLv | Zuv pkpp

where
h is the harmonic order;
ih eq is the maximum permissible current emission from equipment at harmonic #;

upcL Is the compatibility level for voltage distortion at harmonic #;

kyLv s the sharing factor for the LV network;

Z|y s the network impedance at harmonic /#;

k),  is the compensation factor for harmonic 4.

Al2.2 Detailed consideration

kj ., is the value applicable in principle to very low-order harmonics, and its value’is set at 25 po

of

o
0

4

k
d
e
c
c

b
R

copmpensation factor, which takes into account a certain probability of phase diversity for highg

Irrents increases if the power drawn by the equipment emitting harmonic currents is small

the LV compatibility level, based on theoretical studies and measuréments. &, , is [a

=
1

der harmonics. For the lower-order harmonics, kp,h is only slightly lessthan 1 for supplies with
w values of short-circuit current rating.

, is composed of many sub-factors, and there is no generally-applicable analytic method for

ptermining its values. The values used in the preparation of IEC 61000-3-2:1995 [1] (firgt
lition) were as shown in Table A.1. The chance of compensation between different harmonjc

sce

mpared to the short circuit power R .. Therefore; k, , depends on the factor R . (R, dividgd

the rated apparent power of the equipment, see IEC 61000-3-12) as given in Table A.|l.
.= 33 is also taken to apply to IEC 61000-3<2:

Table A.1 — Compensation-factors k, , considered valid in 1995
(IEC 61000=3-2:1995 [1] (first edition))

f

R, h=3 h=5 h=17 h=11 h=13
33 0,9 0,85 0,75 0,65 0,65
66 0,8 0,75 0,6 0,5 0,5
120 0,68 0,65 0,45 0,35 0,35
175 0,62 0,55 0,35 0,25 0,25
200 0,6 0,5 0,3 0,2 0,2
250 0,55 0,45 0,28 0,18 0,18
NOTE 1 om-Table 3 of HEC 61000-3-6-and-were assumed-to-apphyin-the gene |

Lase \beirg-derived-in-partfrompublished-papers- For concentrations of equipment of the same type that producé

armionic currents with only small differences in phase (such as uncontrolled rectifiers with capacitive smoothing

alues of bp ~hearer to1,0 npply for low-order harmonics.-See |[EC TR 61000-3-6:1996 _Table 4 (firef ndifinn) (Thi

table does not exist in the 2008 edition (second edition)).-New-investigations-are-in-progress-to-verify-the-above
values or to-improve them-.

NOTE 2 The tabled values in IEC 61000-3-2:1995 (first edition) were taken from Table D.1 in the extensive
rationale in document 77A/164/CD. In other documents, the values were said to be derived from IEC TR 61000-
3-6:1996, Table 3 (first edition) (not in the 2008 edition (second edition)) and were assumed to apply in the general
case, being sourced in part from published papers. However, the “indicative™ values in that table have just one
decimal place, and the dependencies on the R, values cannot be represented with sufficient accuracy by any
reasonable function, making interpolation between the (1/R ) values to determine the kp’h values for the R_ .
values in Table A.1 very problematical. The values for R, = 32 were probably determined by negotiation. See

6.9.2.
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If, in an individual case study, proper account for actual system impedances is made, &, | can
be calculated, so that kp,h becomes the only term subject to estimation. The root cause for any
discrepancies between modelling and survey results—must are then-be isolated to this term
alone. Table A.2, derived from [32], describes what might be considered a relatively complete
set of sub-factors although it is possible to suggest others. Table A.2 also shows plausible
ranges of values for these sub-factors, as well as for the composite compensation factor, kp,h,
which follows from combination of the individual sub-factors. As a first approximation, for
Table A.2, the sub-factors are multiplied together to obtain the composite factor.

t[should be clearly undersiood that, for some equipment and configurations, the listed faciols
may are not-be always independent. The multiplication of the sub-factors to obtain the value pf
tHe composite factor is still valid if all but one member of a non-independent set of fagtors jis
set to the value 1.

Table A.2 — Sub-factors of &, ,

Estimated values for 5th harmionic factors
Sub-factor
Low estimate Typical value High estimate
Non-linear load penetration factor @ 0,1 014 1
Triplen factor P 1 1 1
Bystem de-rating factor 0,75 1 1,5
load diversity factor 0,5 1 1
I-L and L-N 3-phase factor © 0,23 1 1
load phase diversity factor 0y4 0,44 1
bystem phase diversity factor 0,5 0,62 1
oltage THD factor 0,85 1 1
Current division factor ¢ 0,76 1 1
Resonance factor 1 1,6 4
Three-phase unbalance factor 1 1,1 1,25
Composite factor kp,5 0,01 0,64 7,5

94 The mix of linear and non-linear loads is not considered for calculation of composite kp Py

Triplen cancellation in, A-connected transformers is only applicable to the medium-voltage network.

This factor-may dan)result in significant cancellation for the 5th and 7th harmonics, but-may can also be a
high as 3,0 forriplen harmonics to account for summation in neutral conductors if all loads are connected L}
N.

This facter-accounts for division of harmonic currents between the mains system impedance and the aggregats
impedance of connected linear loads including capacitor banks.

Several-conclusions—maycanbe-immediatelydrawnfromTable-A-2First—wide-swings—inthe
value of k,;, follow from reasonable selections of values for included sub-factors. At the

extremes, substitutions of apparently defensible values for ky result in estimates for
permissible 5th harmonic emissions ranging from greater than 400 % of the fundamental current
at one extreme to less than 0,7 % at the other. Both results are clearly absurd. Secondly, a
decision to ignore a particular sub-factor (i.e. to set the sub-factor to 1,0) can significantly
impact the value derived for kp]h. The fact that several ways of combining many sub-factors,
especially simple multiplication, contributes greatly to the possibility of wide swings in the value
of kp,h might tempt the dismissal of concerns that only a subset is typically considered, but this
conclusion can be shown to be unrealistic.
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Work is on-going to develop formally-defined sub-factors (which-may might or-may might not
be those in Table A.2). i i i

(to-be published).

A.2.3 New work prompted by the preparation of this document
A.2.3.1 Rationale

Discussions have highlighted some issues with the text of the first edition of IEC TR 61000-1-
4. Also, new documents concerning the subject of partitioning acceptable voltage distortion
levels between LV, MV and HV have been discovered. A

ol emission limits. Emission levels are approaching compatibility levels at some t by no

\%
Itjshould be clearly understood that this new work does not justify a widespread recongi@'ratic n
eans all) locations. However, the work might help to resolve some specific isshi% at are pt

present under discussion. b‘
4
Al2.3.2 Compensation factors — a simpler approach QQ’
Referring to the text and formula in A.2.1, ky |\ is set to 25 % of the tt\% LV compatibility levgl

ahd is used in IEC 61000-3-2 and IEC 61000-3-12 for the assessr@7 of the maximum harmonjic
clyirrents from non-linear loads in the LV-network for 230 V 50 b(( ystems.

O

The formula includes “ky |\, a constant for all harmonics\which seems counterintuitive. Alsp,

tlis derived from a very greatly simplified model of a cefnplete HV-MV-LV distribution system,
d thus includes numerous assumptions. DifferentQustifiabIe assumptions can result in vely

a
different values of &y | y. QQ

The subject is in fact very confusing, becauss:e\}there are two linked quantities, &,y and kp,h,
which modifies k| for every harmonic s{&ording to the values in Table A.1. It is really mofe
crar to define a “compensated shari&g actor”, Cpy ,; = ky vk, which does vary with the
harmonic order, as would be expeg@.

The justifications for recons@\%g sharing are based on the following reasoning: even and
plen order harmonics ar%o mally very small on European HV- and MV-systems and are npt
oblematic, except in th@ se of neutral currents in four-wire three-phase networks.

o

Reasons for not c@%ering the partition of even orders (see [17] and [18]):

N4
1

° equipmen&lggctly connected to MV-/HV-systems is normally of the symmetrical thre
phase tQ‘ hich does not produce these harmonics, except in rare failure cases;

e| sinc stmmetrical controls and half-wave rectification are normally not allowed for LY-
Sy, appliances, the upstream even order currents are small;

o the MV-level, there is a good chance of compensation of even order harmonigs
originating from half-wave reclificalion since a Tot of LV-sysiems are connecied and,
therefore, the polarity of these rectifiers comes close to 50 %:50 %.

Reasons for not considering the partition of triplen orders:

— low triplen order harmonics (3rd and 9th) regularly exist as zero-sequence systems and are
not transferred by star/delta-transformers which are typical in European distribution
networks (neither upstream the currents nor downstream the voltages);

— irregular triplen order harmonics which exist in positive- and negative-sequence systems
are normally small.

From the known tolerable voltage distortion and the effective supply impedance, the resultant
current limit can be determined for each harmonic order. The effective supply impedance cannot
be strictly calculated, because it is affected by every load connected to a feeder, so it varies
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with location and time. The LV-system supply impedance at the supply frequency can be taken
as the reference value from IEC TR 60725 [10]. For the lower order harmonics, the inductive
component is found to be proportional to frequency, but above the 10th harmonic it tends to be
proportional to the square root of the frequency, due to the resistive components of other loads
on the same feeder. See [19] and [20]. The resistive component of the impedance is small
compared with the inductive component, except for the very low-order harmonics.

Loads that include large contributions from switching power supplies with regulated DC outputs
have input impedances with incremental negative resistance (since if the supply voltage falls,
the input current incr to k the D wer output constant). The pr n naf r
of several lightly-loaded switch-mode power supplies (stand-by operation) leads to a signifi@ t
capacitive component of the impedance, reducing its value at high harmonic frequenc'eg,s ill

further. (1/
Recent large-scale data collection in Germany, the results of which were analysr;;%(ik Canadp,
indicates that the new values of the compensated sharing factor given ib“ able A.3 afe
afimissible.
Q/
Table A.3 - Compensated sharing factor§\QQ
G
Harmonic Compensated Harmonic ‘C)ompensated
sharing factor % sharing factor %

5 20 23 , 51

6 22 24\ 53

7 23 P %) 56

\)

8 25 QQ 27 58

10 29 N 28 59

11 30 h‘\\*’ 29 61

12 32,0 31 65

13 %Q\ 32 66

16 AN39 33 68

17 <O a4 34 70

18 (\\(,‘7 42 36 73

19 O 44 37 75

N 47 38 77

22 49 40 80
N

Fpr odd-% r triplen harmonics a compensated sharing factor of 45 % is admissible.
A KQS) Comparison of compatibility levels and Class A emission limits

NOTE 1 The Class B limits are simply derived from the Class A limits, but this theoretical basis does not apply to
the Class C and Class D limits.

Historically, the logical starting point would have been immunity data of existing products and
distribution system components, which in turn would have allowed compatibility levels of voltage
distortion, for each voltage level and each harmonic order, to be determined. But insufficient
data were available. Instead, higher statistical values of the existing voltage distortion levels
were assumed to be generally tolerable and were adopted as compatibility levels. See [19].

It should be clearly understood that compatibility levels are set by considering the voltage
distortions that can be tolerated, not by a calculation process. For current and future studies,
the standardized compatibility levels are taken as the starting point. However, each LV
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compatibility level can incorporate contributions from MV and HV voltage distortions, so only a
share of the LV compatibility level can be taken up by LV products.

NOTE 2 The shares allocated to the three voltage levels are summed geometrically on the assumption that the
phase angles are random.

From the known tolerable voltage distortion and the effective supply impedance, the resultant
current limit can be determined for each harmonic order. The effective supply impedance cannot
be strictly calculated, because it is affected by every load connected to a feeder, so it varies
with location and time. The LV-system supply impedance at the supply frequency can be taken

copmponent is found to be proportional to frequency, but above the 10th harmonic it tends e
proportional to the square root of the frequency, due to the resistive components of t  ether
logads on the same feeder. See [20] and [21]. The resistive component of the |mpedanc?/ small
copmpared with the inductive component, except for the very low-order harmomcs

Hpwever, very recent analysis of data from real networks, which has neve;\ n available |n
slich detail before, indicates that the above reasoning cannot be f accepted as ifs
conclusions differ somewhat from measured values. Because both the@rmg factor and the
slipply impedance vary with time and place, only “typical values” can@ sed, with no claim jo
rgpresent the situation at any particular place or time. @

Al2.3.4 Effective supply impedance at harmonic freqtﬁeies

The original rationale connecting current emission limit tolerable voltage distortions was
inf IEC (60)555-2:1982, IEC (60)555-2:1982/Amd1: 198 nd IEC (60)555-2:1982/Amd2:198B:
Clause 4 and Annex A. Q

Ahnex A includes the following text: \§\

In preliminary work, the interference | s&‘of a piece of equipment and the corresponding
limits were expressed as voltage has@mc ratios. These voltage harmonic ratios are thoge
produced by a single piece of eq@pment supplied at rated voltage at the terminals of|a
conventional network prese&{@g specific internal impedances, called referenge
impedances.

O
At a later date, current li \'were adopted in order to simplify and clarify the presentatign
of this standard. \O

For single-phase eq,ug?nent with 200 V to 260 V, 50 Hz, rated voltage, the current limits pf
this standard are_ifnaccordance with the following voltage harmonic ratio limits [now includgd
in the more c@eahensive Table 1 below] if the reference impedance at each harmonijc
frequency is@ al to (0,4+j n 0,25) Q (n being the order of the harmonic).

The val reference impedances and voltage harmonic ratios indicated above should |n

no w considered as typical values or guideline values for low-voltage distributign

sys@. They are solely used for the appreciation of disturbances due to equipment.
Hpweyer, Ioadlng of the feeder by other equment than that belng measured should obvrous y
bé : v

addltronal Ioad on the feeder and a value of 10 Q reS|st|ve is adopted

The results of the comparison of the Class A emission limits with the supply impedance
including an additional 10 Q parallel load are shown in Figure A.2. The additional 10 Q
represents only 5,29 “average” consumers at 1 kW each. For fewer such loads, the number of
Class A loads that can be connected falls to zero at the 27th, 33rd and 39th harmonics, but this
is likely to be a very rare occurrence.

NOTE 1 It is reasonable to consider the parallel load as purely resistive because of the modern emphasis on high
power factor. Also, some loads are capacitive, therefore opposing the phase-shift due to inductive loads.
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Permissible number of IEC 61000-3-2 Class A loads
A per IEC 61000-2-2 compatibility levels

“ 11 /\A AR AR AT

‘LJ\/V\/V\/V\/\/\/\/\@@A

0 5 10 15 20 25 30

40
IEC

357
N
NO
Figure A.2 — Permissible number of Class A loads versus
harmonic order, with an additional 10 Q IoagK the feeder

DTE 2 The assumed load is deliberately not realistic, since it just rr@cdm Class A limit for every harmonic.
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Annex B
(informative)

Comparison of Class A limits and the harmonic spectra of phase-
controlled dimmers of incandescent lamps at 90° firing angle

NOTE Although incandescent lamps are now used only if no practical alternative exists, Annex B is retained as a
historical record.

Tvehrarmonic Spectra of phase-controfted dimmers of ncandescent famps at 90> firmgangje
(gt which the harmonic current emissions are greatest) vary very little from one product: fo
another, and the Class A limits are specified as currents. It is therefore possible to deduce‘from
each limit value the corresponding value of fundamental current. It can be shownh (sge
Flgure B.1) that the lowest fundamental current is determined by the limit for the 15th|harmoni
and this corresponds to a full-load power of 745 W. Limits for the lowest harnionics are legs
sfringent, no doubt due to changes to accommodate non-linear loads other than dimmers.

-

Flgure B.1 illustrates this relationship, using a logarithmic vertical scaleto-show the high-ord
harmonic limits and levels clearly. For comparison, the measured spectrum of a typical dimm
ol 1970s design (before conformity with EMC standards was mangdatory) is shown, the log
be¢ing a 230 V 150 W lamp and the firing angle 90°. It can be seen/that for harmonics above th
1
h
d
d

W\

r

gher levels of 19th and 27th harmonics from the measured dimmer—-may can be due
stortion of the supply voltage or perhaps resonance between the “rise-time” inductor in tH
mmer and the capacitor for attenuating conducted emissions.

d
e
Bth, the correspondence between limit values and spectrum levels is quite good. The slightly
o]
e
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Figure B.1 — Comparison of Class A limits and spectra of dimmers
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Annex C
(informative)

Comparison of Class C (IEC 61000-3-2:2018 and IEC 61000-3-
2:2018/AMD1:2020, Table 2) limits and the harmonic spectrum of a
discharge lamp with inductive ballast

NOTE Although this technique is no longer widely used, Annex C is retained as a historical record.

Filgure C.1 is self-explanatory.

< A
=
g 1
E
O
*
0,1
-
R
S
N
x J
0,01 *
s X
i X 13
* o
*
0,001
0

2 4 6 8 10 12 .14 16 18 20 22 24 26 28 30 32 34 36 38 40

Harmonic orde
®xx 25 W lamp
+++ Class C limits

Figure C.1 — Comparison of Class C limits and the
harmonic spectrum of a discharge lamp
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Annex D
(informative)

Comparison of Class D limits and the harmonic spectra of capacitor-
filtered single-phase rectifiers with 35° and 65° conduction angles

NOTE Although this technique has largely fallen out of use, Annex D is retained as a historical record.

Figure D.1 is largely self-explanatory. Note that the 3rd and 5th harmonic levels for the 65°
conduction angle coincide with the limits.

A

Current A
N
g

[m]
0,1

(o] (m]

o
x

=]
0,01
0 2 4 6 8 10 12 14 g6 18

20 22 24 26 28 30 32 34 36 38 40

. . Harmonic orde
»xxx Rectifier conduction angle 65°

o0 Rectifier conduction angle 35°
ooo ClassD limits

Figure D.1 —Comparison of Class D limits and harmonic spectra
of single-phase 230 W rectifiers with capacitor filters
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Annex E
(informative)

Economic considerations taken into account in setting limits, before
finalization of the text of the Millennium Amendment to IEC 61000-3-2

Passive mitigation techniques typically yield less complete mitigation of harmonic emissions,
but generally are less costly to |mplement compared W|th active methods Unt|I very recently,

sfandpoint. Recent advances in power semiconductor devices and dlgltal S|gnal processw
have made the use of active mitigation techniques more cost effective. Considered
aggregate, the average cost for implementing high performance, active mitigation usin
present-day techniques in a wide variety of high volume products (except low-cast lproduc
syich as lamps) is estimated to be between 1 % and 2 % added to the end user’s” purchas
price. It is not expected that these percentages will change substantially inthe”’foreseeab
f

percentage added to the purchase price for personal computers, but 60 %-or more added to th
puirchase price of three-phase variable speed drives.

Ekperts from the product manufacturing sector estimate aggregate costs for implementing hig
performance active mitigation for all electrical and electronic ptoducts to be a very large su
annually. The consequence of this would be that harmonic voltage level be reduced ve
significantly. Experts from the electricity supply industry,{for their part, have estimated th
annual costs attributed to the effects of harmonic emissions would be comparable in future,
tHere were no harmonic emission limits at equipment‘or site level. With substantial sums
frlake, it becomes very desirable to carefully consider how best to optimise the selection
b

itigation options in order to rationally minimise {otal aggregate costs. Figure E.1 captures th
sic concept of optimising a trade-off betwéen excessive costs arising from attempts

afldress the problem in a single dimension. Itds’widely recognized that it is inappropriate to re
entirely on product mitigation or, converselyyon making the supply system capable of sustainir]
any level of emissions from equipment by, for example, reducing the system impedance to
negligible level. It is also widely recognized that it is inappropriate to attempt to reduce
phenomenon, for example voltage distortion, to an unnecessarily low level. In some countrie
due to problems related to fair cest-sharing, the incremental cost associated with system-lev
miitigation is accepted only if it'enables a much greater reduction in incremental costs whig
wpuld otherwise be associated with mitigation at the equipment or site level.

NOTE In some countries, the electricity supply industry places reliance on IEC 61000-3-2 to control emissions
thp equipment level. Thisuis'said to eliminate a need to install mitigation equipment at the site or system level, th
allocating the cost of mitigation to the origin of the harmonic distortion.

9
s

e
e
Uture. Actual costs vary widely by product type. For example, incremental. cOsts are a small
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Combined total cost
to consumers

Additional costs

N .
~ e
~ e
~ -
~ -
. \ ~ - - <
Product or site ~< Pl Power system and
attenuation costs ~Z other costs (see Note)
-~ -7 ~ ~
_--" ~ <
-7 - =~ ~
-- ——

f

NOTE Most of the “power system and other costs” are power system costs:

cost trade-offs for meeting compatibility levels

Figure E.1 — lllustration of the conceptf total aggregate

Stringency of harmonic'current emission limits

IEC



https://iecnorm.com/api/?name=ccd57fda954eb59330a96245453beab9

—-36- |IEC TR 61000-1-4:2022 RLV © IEC 2022

Annex F
(Informative)

Concept plan for a full revision of IEC 61000-3-2

NOTE This concept plan is intended to be used also for a future edition of IEC 61000-3-12.

F.

1 Introduction Rationale

T

to
fo
th

of

of

>

[0}

was agreed to base the study on the allocation of limits based on a composite “impact{facto

ctor were identified and are listed below. This is not a new concept; a “saturation)factor” ar
“simultaneity factor” were used in [22].

2 Density

ne density impact factor is intended to take into account the equipment impact related to th
tal number of pieces of equipment that are in the field. The density impact factor is assesss
r each type of equipment. It is defined as the ratio of the pumber of pieces of equipment
e number of households.

DTE Consideration of density allows the burden of strict limits,to\be removed from rare equipment.
3 Usage factor

ne usage impact factor is intended to take into account differences of the impact on th
ptwork, related to the usage of equipmént. Basically it can be calculated from the ratio of th
ectrical energy consumed per year tei\the maximum active power during normal use.

dditional correction factors consider the simultaneity of use, for example per day or per seasd
the year.

DTE Consideration of usagé allows the burden of strict limits to be removed from little-used equipment.
4 Contributjon

ne harmonic.contribution factor attempts to capture the potential impact of the entire spectru

the harmonic emissions from a particular type or general class of equipment. The ratio of th
bn-lineak portion to the fundamental current is used to define the harmonic “contribution” fact
th sufficient accuracy to define the potential impact of a particular type or general class
uipment.

a product on the voltage distortion of the supply network. A number of components of thjs
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For the purposes of assessing the impact of harmonic “contribution” where measurements are
employed, any reasonably accurate and repeatable method should be suitable. However, it is
generally preferred that methods as defined in IEC 61000-3-2:2018 (second edition) are
employed to obtain average emission values.

F.

5 Phase angle factor

The phase angle of the harmonic current has been selected as a relevant impact factor, because
this has an influence on the network voltage distortion. For example, considering two pieces of
equipment connected on the same network, there is a cumulative or a cancellation effect on the
distortion of the network voltage, depending on the relative phase angles of their harmonic
currents.
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Equipment with a phase angle factor less than 1 should have more relaxed limits, as their impact

on the network distortion is lower.

F.6 System and site mitigation

In order to achieve an optimum economic accommodation of non-linear loads on the low-voltage
electricity supply network, all possible technical measures should be assessed. Mitigation of
the effects of harmonic currents at system level is technically very complex and can involve
high capital costs, but some measures (such as the reduction of system impedance) are

ployed where justified. Mitigation at site level, where the interface with the public electricity

syipply is a medium- or high-voltage,—may can have economic advantages over mitigation
equipment level, but its introduction depends on the practicability of ensuring that\agresg
emission limits are respected, and the co-operation of electricity suppliers and governme
agencies. It has been introduced in some countries. Site level mitigation is extremely unlike
td be practicable for small and residential sites.

FI7 Network factors

Network factors are included within the impact factor assessment)to take into account th
electrical characteristics of the network, operation of the network; and the interaction of th
I ads on the network. Network factors are a function of the netwoerk design, network operatio
eraction of the network loads, and the restraints imposed upon the network operators.

NOTE Consideration of these factors allows the burden of strict limits to be removed from some types of equipme
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Annex G
(informative)

Histories of IEC 61000-3-2 and IEC 61000-3-12 and related standards

EN 50006:1975 is the ancestor of IEC (60)555-2, |IEC 61000-3-2,

IEC TR 61000-3-4,

IEC 61000-3-12 (and of IEC (60)555-3, IEC 61000-3-3, IEC TS 61000-3-5 and
IEC 61000-3-11).

IHC (60)555-2:1982 was amended twice, greatly. Amendment 1 is dated 1985 .and
Amendment 2 is dated 1988. Amendment 1 introduced modified text on limits for tel€vjsign
rgceivers, which seem to have been determined by measurements of emissions, rather thgn
CIIcuIation. Amendment 2 included extensive text on lighting equipment, the treatment pf
flictuating harmonics, especially in the context of analogue analysers, and~gonditions pf
measurement for television receivers.

IHC (60)555-2 is the ancestor of IEC 61000-3-2, IEC TR 61000-3-4,(IEC 61000-3-12 and
IHC 61000-4-7.

bble G.1 to Table G.3 give the detailed histories which are recaftled by IEC.

Table G.1 — Publication history of JE€%61000-3-2

Date Publication Edition Status
2020-07-14 IEC 61000-3-2:2018/AMD%:2020 5.0 Valid
2018-01-26 IEC 61000-3-2;2048 RLV 5.0 Valid
2018-01-26 IEC 6100Q+3~2:2018 5.0 Valid
2014-05-26 IEC 64800-3-2:2014 4.0 Revised
2009-08-12 IEC 61000-3-2:2005+AMD1:2008+AMD2:2009 CSV/COR1:2009 3.2 Revised
2009-04-20 IEC 61000-3-2,2005+AMD1:2008+AMD2:2009 CSV 3.2 Revised
2009-02-05 IEC 61000-3-2:2005/AMD2:2009 3.0 Revised
2008-03-11 IEC 61000-3-2:2005/AMD1:2008 3.0 Revised
2005-11-28 IEC 61000-3-2:2005 3.0 Revised
2004-11-10 IEC 61000-3-2:2000+AMD1:2001+AMD2:2004 CSV 2.2 Revised
2004-10-12 IEC 61000-3-2:2000/AMD2:2004 2.0 Revised
2001-10-18 IEC 61000-3-2:2000+AMD1:2001 CSV 2.1 Revised
2001-08-28 IEC 61000-3-2:2000/AMD1:2001 2.0 Revised
2000-03=30 IEC 61000-3-2:2000 2.0 Revised
1998404-23 IEC 61000-3-2:1995+AMD1:1997+AMD2:1998 CSV 1.2 Revised
1998-02-06 IEC 61000-3-2:1995/AMD2:1998 1.0 Revised
1997-12-17 IEC 61000-3-2:1995+AMD1:1997 CSV 1.1 Revised
1997-09-26 IEC 61000-3-2:1995/AMD1:1997 1.0 Revised
1997-02-01 IEC 61000-3-2:1995/COR2:1997 1.0 Revised
1995-04-01 IEC 61000-3-2:1995/COR1:1995 1.0 Revised
1995-03-13 IEC 61000-3-2:1995 1.0 Revise
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https://webstore.iec.ch/publication/18727
https://webstore.iec.ch/publication/18726
https://webstore.iec.ch/publication/18717
https://webstore.iec.ch/publication/18725
https://webstore.iec.ch/publication/18714
https://webstore.iec.ch/publication/18724
https://webstore.iec.ch/publication/18723
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https://webstore.iec.ch/publication/18713
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Table G.2 — Publication history of IEC 61000-3-12

Date Publication Edition Status
2012-09-18 IEC 61000-3-12:2011/ISH1:2012 2.0 Valid
2004-11-29 IEC 61000-3-12:2004 1.0 Revised

Table G.3 — Publication history of IEC 61000-4-7

Date Publication Edition Status
2008-06-11 IEC 61000-4-7:2002/AMD1:2008 2.0 Valid
2004-07-21 IEC 61000-4-7:2002/COR1:2004 2.0 Valid
2002-08-08 IEC 61000-4-7:2002 2.0 Valid
1994-11-01 IEC 61000-4-7:1991/COR1:1994 0 Revised
1991-08-28 IEC 61000-4-7:1991 1.0 Revised
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from equipment, in the frequency range up to 2 kHz

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC is to promete internation
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end a
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repor
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGPublication(s)”). Th
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt w
may participate in this preparatory work. International, governmental and non-governmental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization f
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations

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

IEC Publications have the form of recommendations for international use and are accepted by IEC Natior]
Committees in that sense. While all reasonable efforts are ,made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible in their hational and regional publications. Any divergence betwe
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the lattg

IEC itself does not provide any attestation of‘conformity. Independent certification bodies provide conform
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for a
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its-directors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any naturewhatsoever, whether direct or indirect, or for costs (including legal fees) a
expenses arising out of the)‘publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Attention is drawn tostheé Normative references cited in this publication. Use of the referenced publications
indispensable for_the correct application of this publication.

Attention is drawn-to the possibility that some of the elements of this IEC Publication may be the subject of pate
rights. IEC shall*'not be held responsible for identifying any or all such patent rights.

C TR 61000-1-4 has been prepared by subcommittee 77A: EMC - Low frequen
nenomena, of IEC technical committee 77: Electromagnetic compatibility. It is a Technic
e port:

g
al

d
S,
Bir
th

9
or

al
Bl

al
C

by

NS
EN

=

ty
Yy

hd
or
hd
C

is

This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision.

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

a) relation between compatibility levels, emission limits and immunity requirements clarified;

b) sharing of emission levels between LV, MV and HV clarified;

c) new historical information added.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

77A/1136/DTR 77TA/1141/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in

the above table.

The Inngnngp used for the dn\/nlnpmpnt of this Technical Rppnrt is an“Qh

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
ag¢cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;availab
al www.iec.ch/members_experts/refdocs. The main document types developed-by"IEC a
déscribed in greater detail at www.iec.ch/publications.

Al list of all parts in the IEC 61000 series, published under the general title Electromagnef
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this document will "&@main unchanged until tH
slability date indicated on the IEC website under webstore.iegieh in the data related to th
ecific document. At this date, the document will be

¢| reconfirmed,

e | withdrawn,

o | replaced by a revised edition, or

e amended.

ic

e

IMPORTANT - The "colour inside" loge on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment

Compatibility levels
Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of product committee
Part 4: Testing and measurement techniques

Measurement techniques

Testing techniques
Part 5: Installation and mitigation guidelines

Installation guidelines

Mitigation methods and devices

Pprt 6: Generic standards
Part 9: Miscellaneous

Epch part is further subdividéd into several parts published either as international standards
a$ technical specifications or technical reports, some of which have already been published 4§
s
[

ctions. Others will be published with the part number followed by a dash and a second numb
entifying the subdivision (example: IEC 61000-6-1).

IHC TR 61000:1-4:2005 (first edition) gave a historical rationale for the emission limits f
equipment upto 2005. Since there is new historical material available about the developmen
il the past'several years, SC77A is adding this new historical material as a revision
IHC TR<61000-1-4. The revision also clarifies and amends some existing statements that a
npw,known not to report the history until 2005 correctly.

~
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-4: General — Historical rationale for the limitation
of power-frequency conducted harmonic current emissions
from equipment, in the frequency range up to 2 kHz

1| Scope

This part of IEC 61000, which is a technical report, reviews the sources and effects Jof pow
frequency conducted harmonic current emissions in the frequency range up to 2.kHz on th
puiblic electricity supply, and gives an account of the reasoning and calculations leading to th
existing emission limits for equipment in the editions of IEC 61000-3-2 [1]1, up\to and includir
the fifth edition (2018) with Amendment 1 (2020), and in the second edition,of IEC 61000-3-1
(4011) [2].

The history is traced from the first supra-national standard onClow-frequency conductg
emissions into the public electricity supply, EN 50006:1975 [3}‘and its evolution through IE

—~

cture of the history, that of the standard for the measuting-instrument IEC 61000-4-7 [6]
entioned as well.

3 T

z

DTE All IEC standards were renumbered starting from 60000 from 1998-01-01. To indicate the references

stpndards withdrawn before, or not reprinted after, that date,.the *60x” prefix is here enclosed in parentheses. Heng

“IEC (60)555-2".

Spme concepts in this document apply to all Tow voltage AC systems, but the numerical valug
apply specifically to the European 230 V/400 V 50 Hz system.

2| Normative references

The following documents are referred to in the text in such a way that some or all of their conte
constitutes requirements of:this document. For dated references, only the edition cited applie
For undated references,/the latest edition of the referenced document (including ar
amendments) appliest

IHC 61000 (all parts), Electromagnetic compatibility (EMC)

3| Terms)and definitions

For<the purposes of this document, the terms and definitions given in IEC 61000 (all part

d0)555-2 [4] to IEC 61000-3-2 [1], IEC TR 61000-3-4 [5] andIEC 61000-3-12 [2]. To give a f{ll

d
C

S

S

(2

y

)
~

apphys

[P

ISO and IEC maintain terminology databases for use in standardization at the following

addresses:

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

e |SO Online browsing platform: available at https://www.iso.org/obp

1 Numbers in square brackets refer to the Bibliography.
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4 General appraisal

The electricity supply industry intends to supply electric power with a sinusoidal voltage
waveform, and customers' equipment is designed to operate correctly on such a supply.
However, because the internal impedance of the supply system is not zero, a non-linear load
connected by one customer produces distortion of the voltage waveform that can adversely
affect another customer's equipment, as well as equipment in the supply system itself. There is
no type of load or supply system equipment that is totally immune to distortion of the voltage
waveform, and “natural” immunity levels (those achieved by customary designs without special

. : T . - e of
t,
compatibility levels of voltage distortion for the low-voltage (LV) public supply system hayé.begn
determined and are given in IEC 61000-2-2 [7]. The correspondences between these levels and
other values are shown schematically in IEC 61000-2-2:2002, Figure A.1. Compatibility levels
are set as an acceptable compromise between immunity to harmonics and ‘reduction pf
emissions. Methods to check that the immunity of equipment to voltage distortion”is adequate
afe given in IEC 61000-4-13 [8].

NOTE 1 Logically, compatibility levels would be set somewhat below the lowest aceeptable immunity levels, bu
thpse data were hard to come by in the past. Recommended immunity levels were firstrestablished in [IEC 61000-4-1]3.

The intention of applying limits on the harmonic current emissiofis-of equipment connected

tHe public low-voltage (LV) system is to keep the actual levels of voltage distortion on tH
system below the compatibility levels for a very large proportion of the time, and below lower
leivels, known as planning levels, for a lesser but still largeproportion of the time.

NPTE 2 Emissions into the medium-voltage (MV) and high voltage (HV) systems can be controlled by other methogfls
arjd procedures. See IEC TR 61000-3-6. [9]

NOTE 3 In some countries, the electricity supply industry. places reliance on IEC 61000-3-2 [1] to control emissiofps
r¢m portable equipment, whether the point of common«coupling is at LV, MV or HV.

—h

Emissions from equipment are expresséd as currents, because these are largely, but npt
completely, independent of the sourcelimpedance of the supply system, whereas the voltage
distortion produced by the equipment is almost proportional to the supply-system impedange
and therefore has no definite value® A product that draws a non-linear current from the supply
system can alternatively be regarded as drawing a sinusoidal current, while emitting into the
slipply system harmonic currents of the opposite polarity to those that it actually draws.

Cpmpatibility levels are' set, using system disturbance data and standardized immunity levelg,
s¢ that the probability.of the system disturbance level exceeding the lowest immunity test levgl
s| acceptably low, ‘and at present is set at 5 %.

NDTE 4 Because'the system disturbance level is an aggregate of the emissions of very many loads, the emissipn
limits for equipment are set at quite low disturbance levels.

NQTE 5-“For system design, planning values of disturbance levels are adopted unilaterally by distribution systgm
operators; these are not expected to be exceeded but are not subject to standardization.

5 Acceptable provisions in standards related to regulatory legislation

The equipment manufacturing industry can accept requirements in a voluntary standard, whose
application can be determined by custom or moderated during individual contract negotiations,
that would be unacceptable in a standard backed by regulatory enforcement. For example, a
standard can contain provisions that, if fully applied, would result in very long test times. Parties
to a contract might waive these provisions, wholly or partly (calculation or simulation might be
employed, for example) whereas in an enforcement situation, no deviation from the provisions
might be allowed.
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Both EN 50006:1975, 7.1 and IEC (60)555-2:1988, IEC (60)555-2:1988/AMD1:1988 and
IEC (60)555-2:1988/AMD2:19882,5.3.1 [4], required the test operator to search for worst-case
conditions using the controls of the equipment under test, and in IEC (60)555-2, this was
required for each harmonic in turn. Such a test might well take many days, with no assurance
that another test operator might not find a different worst-case condition for just one harmonic.
Such a provision was also contained in IEC 61000-3-2:1995 (first edition), Clause C.1 and was
not removed until the publication of IEC 61000-3-2:2000/AMD1:2001 (second edition) [1].

A standard must not include regulatory requirements: it is concerned only with the procedures
necessary to determine whether a product within its scope meets its requirements

6/ History of IEC 61000-3-2 and its predecessors

61 History table
The revision histories of IEC 61000-3-2 and IEC 61000-3-12 are given in Annex"G (informativq).

Ah up-to-date table of the entire publication history of each IEC publicatien can be obtained vja
tHe IEC webstore at https://webstore.iec.ch.

2 Before 1960

6

The most numerous non-linear loads were television .fe€ceivers with half-wave rectifierp.
Because most of these had mains connectors of reversible polarity, the DC components
approximately cancelled. The number of receiverssjnstalled was insufficient to create any
significant system problems due to harmonic current'emissions, but there is evidence that thefe
whs enough random unbalance of polarity of confiection in some countries for the resultant DIC

component to cause corrosion problems in underground cables.

6J3 1960 to 1975

Phase-controlled dimmers for househpld lighting began to be marketed. These created high-
frequency conducted emissions, thus initially drawing the attention of radio-spectrum protectign
alithorities. Measures to limit these emissions could be made mandatory, but it was also notgd
that the dimmers produced harmonic currents and there was no practicable way of reducing the
rgtios of harmonic to fundamental current.

Al system survey in_Europe determined the 90th percentile value for supply impedance fopr
rgsidential customers*(who were mostly fed by overhead LV distribution) as (0,4 +;0,25) Q, and
tHis value was included in IEC TR 60725:1981 [10]. In addition it was determined that withopt
some control.ofilemissions from dimmers, the voltage distortion might grow to exceed acceptable
levels (laterte'be called “compatibility levels”).

NOTE InNEC (60)555-2:1982, Annex A [4], the supply impedance was regarded as purely resistive and inductiye
((0,4+ j#0,25) Q, where & is the harmonic order number). However, evidence was later presented that showed that
the impedance rises above 500 Hz more nearly proportional to the square root of frequency, rather than proportiorjal
to frequency. The impedance presenied to a particular Toad at the interface with the network (which is what
determines the voltage distortion produced by the current emissions from that load) includes the effect of the
impedances of other loads on the feeder. Even a light 10 kW load due to other equipment considerably lowers the
impedance at high-order harmonic frequencies. See 6.9.

The first standard on this subject (according to its own text it is not based on any previous
standard) was the European standard EN 50006:1975, implemented as various national
standards, including BS 5406:1976. This standard took burst-firing techniques into account and
also covered voltage fluctuations, now the subject of IEC 61000-3-3 [11] and IEC 61000-3-11
[12]. Limitation of harmonic current emissions was achieved by:

2 |EC (60)555-2 was withdrawn in 1995 and replaced by IEC 61000-3-2.
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e prohibiting the use of phase control for heating loads over 200 W;
e applying limits for odd-harmonic emissions;

e applying limits for even-harmonic emissions to both symmetrical and asymmetrical control
techniques.

The limits were expressed as voltage-harmonic percentages, produced with a supply system
whose impedance (for single-phase loads) was (0,4 + j#0,25) Q. However, the test procedure
actually required measurement of the harmonic currents, from which the voltage distortions
were calculated.

EN 50006 [3] does not include any explanation of the derivation of the limits, which are
pteserved as the Class A limits in IEC 61000-3-2, up to the 2000 edition (second edition). |n
fdct, the numerical values were undoubtedly established piecemeal by negotiation lbetwegn
slipply industry and equipment manufacturer experts. The retention of a strict mathiematical rule
fgr determining the values would not have been a priority for either group.

There was a study that led to an approximate algorithm for determining the cumulatiye
contribution of many dimmers set at different firing angles to a net voltage)distortion level at the
tgrminals of the LV transformer feeding the final distribution. (See alse*Annex A.)

4 1975 to 1982

Q
=]

bveloped. Still effectively restricted to 220 (380) V to 240%(415) V 50 Hz European systems,
ps adopted by CENELEC as EN (60)555-2 in 1987\t introduced three sets of limits; th
original current limits unchanged from EN 50006, limits 1,5 times greater for products used on|
fgr short periods, such as portable tools, and special'limits for television receivers, although 3

6
During this period, a more comprehensive standard, IEC{60)555-2 (published in 1982), wa
d
W,

exemption for receivers whose input power was.ess than 165 W caused the limits to apply on
tq a small proportion of the receivers manufactured. The limits were expressed directly 3
clirrents, even for television receivers.

N O 0O

Although IEC (60)555-2 included an annex that claimed to explain the derivation of the originp
clirrent limits, in fact, it did not dovso, merely citing the voltage distortion limits that wefe
included in EN 50006 without explanation.

5 1982 to 1995

6

This period saw threevwprofound changes; the great expansion of the use of switch-mode power
S\rpplies, both in business and in the home, the intimation that mandatory regulation of the
electromagnetic €ompatibility (EMC) characteristics of electronic products would be introducgd
in Europe, and‘the further intimation that the European public electricity supply would be subjeft
tq “product.quality” requirements.

The early standards, EN 50006 [3]and IEC (60)555-2, did not apply to professional equipment,
buitthere is no relevant definition in either standard aIthough EN 50006 cites “office machmer/

was cIarlfled in Europe by a de0|3|on that such computers were “household appliances”, so that
the original current limits applied. However the great expansion of single phase consumer
electronics using direct on line switch mode DC power units, such as television receivers and
desktop computers, led to significant peak flattening of the supply voltage waveforms due to
near coincidence of the large current pulses drawn by these products. Although direct-on-line
switch mode DC power units provided technology advantages (higher efficiency, lighter weight,
smaller size), the near coincidence of the large current pulses being drawn can result in
significant distortion of the supply voltage waveform. (Products with transformer-fed non-
switching supplies have proportionally lower emissions because the series impedance of the
transformer results in a larger conduction angle of the rectifiers.)

As a result, the development of the successor to IEC (60)555-2 was extremely controversial. It
has been suggested that while the electricity supply industry continued to work in depth on the
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development of IEC 61000-3-2, the involvement of the equipment manufacturing industry was
less structured. This could be true, but should be seen in the context that “equipment
manufacture” is a very diverse industry sector, whose sub-sectors have very different priorities
in considering harmonic current emissions, while the supply industry has very little diversity in
priorities, mainly deriving from differing infra-structure configurations in different countries.

IEC 61000-3-2:1995 (first edition) introduced many new features. Most notably, it applies to
“[all] electrical and electronic equipment having an input current up to and including 16 A per
phase and intended to be connected to public low-voltage distribution systems.” (However,
“professional equipment”, as defined in the standard, enjoys exemption from some
rgquirements.)

IHC 61000-3-2:1995 thus includes requirements and limits that apply to several different typgs
ol product, grouped into four classes. It effectively applies only to European systems, as fpr
previous standards.

NOTE 1 It is still not known whether the characteristics of 220 V to 240 V, 50 Hz supply systems in other countri
are sufficiently similar to the European for the standard to be applied, while it has beeh shown that “scalinjg
operations, intended to make the provisions applicable to systems of other voltages. ‘and frequencies, are rathler
urjreliable. Different distribution system configurations affect the effective supply impedance and the propagation |of
hgrmonic currents through the system. The characteristics of electricity supplies-world-wide are under study [in
SC77A.

4
ER

Class A is a general class, applying to products within the scope that are not specifically
included in another class. The limits are derived from¢the original voltage limits, dating
effectively from before 1975, and the assumed supply.impedances at the fundamental and
harmonic frequencies. The limits are related to ,the current emissions of dimmers fpr
incandescent lamps. See Annex B.

Class B is a specific class, applying to portableitools, which are assumed to be used for shqrt
periods only (a few minutes). The limits aré.1,5 times the Class A limits. As far as can he
determined, this factor of 1,5 is purely heuristic, although for the third harmonic, one piece pf
equipment that just meets the third-harmonic limit of 3,45 A thereby takes up almost all the
allowable fraction (0,25) of the compatibility level of 5 % that can be allocated to the low-voltage
network.

NOTE 2 For an explanation of thex{allowable fraction of the compatibility level”, see Annex A.

Class C is for lighting equipment, which has to be carefully defined. There is not a single set pf
Iivl[;its for this class, and the limits are quite stringent. Some of these originally appeared, with
similar values, in théwproduct standard IEC (600)82 [24], now withdrawn. See Annex C.

Class D applied, originally to products drawing a current pulse from the supply that lay within|a
specified mask centred on the peak of the current waveform. The rectifier conduction angle pf
a|typical (high-efficiency direct-on-line DC power unit is 35°. The individual low-order odd
harmonic>currents emitted by a group of such products add nearly arithmetically, producing
peak-flattening of the voltage waveform of single-phase supplies. This class was intended {o
apply”to DC power units, separate or built into products, and was based, after considerable
study (including the effect of supplying the rectifier with already peak-flattened sine waves), on
a rectifier conduction angle of approximately 65°, with some heuristic adjustments to
accommodate other products. See Annex D.

The Class D limits, which are proportional to the active power drawn and are thus expressed in
mA/W, were nominally aligned with the (fixed current) Class A limits at a power of 600 W, but
because of rounding errors, the limits of the two classes for each harmonic become equal at
significantly different powers, which caused some confusion initially. It was possible to
determine that the expected effect on the supply system was that the compatibility limits would
not be exceeded with these limits applied. The details of this prediction are given in [31] and
[22].
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It was also agreed that there should be a lower bound to Class D below which no limits would
apply, because the impact on the network of a large variety of such products would be
acceptable. The lower bound was set at 75 W, with a provision to reduce to 50 W “after four
years”. It was not realised that this is not a provision that could actually be implemented as
stated. Consequently, those who relied on this provision have been disappointed that it has not
been implemented.

NOTE 3 There is no definite date from which to count the period of four years, because IEC standards are voluntary
and can be applied, or not, at any time. Furthermore, IEC standards can only be amended by a voting process, which
is contemporaneous; National committees cannot determine which way they will vote on a provision that would

b N Paray ££ LV LA arcin th £t

yY—=y-ears—+Hi—th

Upfortunately, the conduction angle of 65° required to meet the limits of Class D results jin|a
rgther unacceptably low efficiency of the power unit, manifesting as heat emission or.the negd
fgr the inclusion of an inductor or an active power-factor correction circuit, at extraycoest. This
rgquirement was introduced on the grounds that statistical evidence showed arising level pf
vopltage distortion on European networks, together with daily variations in the 6th harmonjc
levels that tracked with television viewing habits. The rate of rise determined in severEaI
Eplropean countries was about 1 % over ten years, although not all the dataswere measuremenfs
al the same sites or at the same times over the ten-year period. But the {background” level dye
td miscellaneous sources was about 3 % in some places and the compatibility level was 5 {6
fgr the 5th harmonic at that time, so an unchecked rise could have‘'had serious consequencgs
inl about ten years. Considering the service lifetimes of the products concerned (3 years to 10
years), it was clearly necessary to forestall any close approach to the compatibility level some
years before it was forecast to occur.

Alprinciple known as “equal rights” was applied in the setting of limits at that time. This can he
simply stated as, “any product consuming x watts has‘an equal right to produce y % of harmonjic
clirrents”. Consequently, the classification and{Jimits derived for television receivers wefe
applied to all products with a DC power unit. However, this principle does not allow for the fat
that there are, for example, far more television’'receivers in use than, say, some rare piece pf
s¢ientific equipment, of which there might bé only ten in any one country. So applying the limifs
td the ten rare units, at a cost, achieves>nothing of any significance to the well-being of the
slipply network or its load equipment,

NPTE 4 “Equal rights” also suggests that the allowable harmonic emissions would be proportional to the power
drpwn by the product. From the equipment design point of view, this is entirely logical. Fixed current limits are very
lak for low-power equipment and canibe very stringent indeed for higher-power equipment.

The introduction in Europe of mandatory control of EMC characteristics effectively turngd
IHC 61000-3-2 into a‘guasi-legal document, although it was not editorially suited to such a rol

(1)

6{6 1995 to 2000

Amendment/4"to IEC 61000-3-2:1995 (first edition) was issued in 1997. It introduced the
fdllowing changes:

o| #The designation shall be specified by the manufacturer” was added to the definition pf
“professional equipment”. (Unfortunately, a definition is not allowed to contain |a
requirement, so other committees have not been allowed to adopt this definition verbatim.)

e Test conditions for vacuum cleaners and air-conditioners were added to Annex C.

Amendment 2 was issued in February 1998. This introduced requirements for lighting equipment
with active input power not greater than 25 W. The limits applying to Class D, without the lower
bound of 75 W, can be applied, or, in addition to limits for low-order harmonic currents, the
current waveform can meet shape requirements. In setting these requirements, note was taken
of the fact that there can be partial cancellation of the 5th harmonic current produced by
discharge lamps by the 5th harmonic current produced by DC power units with capacitive filter,
such as in television receivers.
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Amendment 3 resulted from a proposal to amend the CENELEC version of the standard
unilaterally, which was changed to a request for IEC to prepare it. Additional amendments were

consolidated with it, resulting in a combined text dealing with:

— limits for motor driven equipment with phase angle control;
— test conditions for kitchen machines;

— asymmetrical control methods;

— symmetrical control methods;

aldina acu i ant intanAad f
T T
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Npne of these involved fundamental changes to the standard.

=1

accordance with IEC publication procedures, this third amendment resultedin|.a secor
edlition, dated August 2000.

7 The “Millennium Amendment”

6

Ap initiative in CENELEC led to a reappraisal of the standard, with much'discussion in a workirn
group. The output document was referred to IEC SC 77A, and this“resulted in further ve
e

siibject (see Annex E). By the end of 1999, a somewhat reluctant.consensus had been achieve

ainly on the grounds that further discussion would not produce significant improvement, ar
itlhad been agreed to begin work, immediately after finalizing-.the amendment, on a full revisiq
of the standard, with documented rationales for all provisions. The resulting amendme
bgcame known as the 'Millennium Amendment', because it was substantially finalized at tH
beginning of 2000.

Upfortunately, Amendment 3 was also in process in IEC during 1998 and 1999, and the IE
procedures resulted in a divergence of the editions of the IEC standard from those of CENELE
which implemented the Millennium Améndment, but not the third IEC amendment, in
consolidated edition, creating confusion that might have been avoided.

The Millennium Amendment eliminated many of the ambiguities and uncertainties that mag
tHe 1995 edition difficult to_use”in a regulatory situation. It also abandoned the mask f
determining Class D membership, on the technical grounds that for some products it w4
ir:npossible to be sure whether they should be in Class D or not. Instead, it substituted what wa
finally a rather short list; of high-volume products with high simultaneity of use, which contribu
(in the absence of built~in mitigation measures) to odd harmonic currents of little phase diversi
(rpther than the overall harmonic content of the system voltage): personal computers, person
computer monitors' and television receivers.

The amendinent also included a clarification of the requirements for lighting equipment.

618 ~,~2000 to 2019

tensive discussions. During this time, economic considerations'were introduced as a specifj

g
Y
c
d
n

Nt
e

C

The second edition of TEC 61000-3-2 was issued in 2000, followed by Amendment T in 20

1

and Amendment 2 in 2004. The third edition followed in 2005 and was amended in 2008 and
2009. In 2006, a new concept, “impact factor approach”, was introduced, but after very long
discussions, it did not achieve consensus. However, it has not been completely abandoned.

See 6.9.1.

In 2005, SC77A became aware that the use of APC reduced inrush current in on-line rectifiers
and allowed more active power to be drawn from the supply. These are direct benefits to product
specifications, thus providing economic justification for the additional cost of APC.

Consequently, the low-frequency conducted emissions of many types of product were great
reduced.

ly
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The fourth edition was published in 2014. This edition includes the following significant technical
changes with respect to the previous edition:
a) a clarification of the repeatability and reproducibility of measurements;

b) a more accurate specification of the general test conditions for information technology
equipment;

c) the addition of optional test conditions for information technology equipment with external
power supplies or battery chargers;

d) the addition of a simplified test method for equipment that undergoes minor changes or
updates;

)

an update of the test conditions for washing machines;

f)] a clarification of the requirements for Class C equipment with active input power.s 25 W;
g] an update of the test conditions for audio amplifiers;
h} a clarification of the test conditions for lamps;

i)] an update of the test conditions for vacuum cleaners;

j)| the addition of test conditions for high pressure cleaners;

k] an update of the test conditions for arc welding equipment;

[)] the reclassification of refrigerators and freezers with variable~speed drives into Class D;
my) the addition of test conditions for refrigerators and freezers.

The fifth edition was published in 2018 as a technical revision. This edition includes the
fgllowing significant technical changes with respect to, the previous edition:

a) an update of the emission limits for lighting €quipment with a rated power < 25 W to take
into account new types of lighting equipment;

b) the addition of a threshold of 5 W under which no emission limits apply to all lighting
equipment;

c) the modification of the requirenients applying to the dimmers when operating nop-
incandescent lamps;

d) the addition of test conditionsfor digital load side transmission control devices;

e) the removal of the use. offeference lamps and reference ballasts for the tests of lighting

equipment;
f)| the simplification and clarification of the terminology used for lighting equipment;
g) the classificationyof professional luminaires for stage lighting and studios under Class A;
h) a clarification-about the classification of emergency lighting equipment;
i)] a clarification for lighting equipment including one control module with an active input power

<2W
j)] an update of the test conditions for television receivers;

k) “an update of the test conditions for induction hobs, taking also into account the other typgs
of cooking appliances;

[) for consistency with IEC 61000-3-12, a change of the scope of IEC 61000-3-2 from
“‘equipment with an input current < 16A” to “equipment with a rated input current < 16A”.

6.9 2020 to 2022
6.9.1 Impact factor approach

A different approach to conducted emissions and their limits might be considered in future
editions of IEC 61000-3-2. Initial considerations are described in Annex F. This approach has
been extensively discussed in committee (see 6.8), but so far no consensus has been achieved.
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6.

9.2 Effect of the coronavirus pandemic from 2020 to 2022

The restriction to on-line meetings of necessarily short duration caused the maintenance of
standards, and other subjects needing extensive discussion, to be postponed until face-to-face

m

eetings resume.

7 History of IEC 61000-3-12 and its predecessor
7.1  Origin
IBC 61000-3-12 was adapted from IEC TR 61000-3-4 with the following changes:

m

=

=
d
T

reg

comprising experts~from ES, FR, DE, IE, IT, GB and US. Some conclusions of the team we

IEC 61000-3-12 is limited to equipment rated < 75 A per phase. IEC TR 61000-34 tan |
applied by the distribution system operators (DSOs) for equipment rated > 75 A per phas

The IEC TR 61000-3-4 assessment stages were not kept in [IEC 61000-3-12-since the DS
is not required to decide whether the equipment can be connected to the, public low-voltag
network if the harmonic current emission limits in the relevant tables are met.

IEC TR 61000-3-4:1998, Table 1, Table 2, and Table 3 are slightly medified and included
IEC 61000-3-12:2004 (first edition). Table 4 is also added for balanced three-phas
equipment under specified conditions and given relaxed limjits“that account for the 5
harmonic current phase angle diversity compared to single-phase equipment.

Table 5 is added for C-less drives in IEC 61000-3-12:204.7 (second edition). All the tablg
undergo changes.

The reference fundamental rated equipment current-/, is replaced by the reference curre
Io for the calculated emission limits. .o is_the*average RMS input line current that
measured during test.

THD and PWHD are replaced by THC/I sand PWHC/I 4, respectively.

C 61000-3-12:2011 has type test conditions for some types of equipment in Annex A. Anng
has an illustration of linear interpolation of the 5th harmonic current values based on Ry,.

2 1989 to 1998

C 61000-3-2 deals with~nequipment rated at up to 16 A/phase. A complementary documer
paling with equipment “rated at over 16 A/phase, was prepared as IEC TR 61000-3-4,
bchnical Report type 2 (“prospective standard for provisional application”), by a tea

corded:

an arithmetic superposition law was used for harmonics up to the 5th and a geometric |4
for higher orders;

approximately 75 % of the compatibility level for low-order non-triplen harmonics
fransmitted from the MV level and is present as a background disturbance throughout th

W
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S

S

4
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e

P\, natva~el Honeca Anlvy 98 0/ Af thn ~namanatibhilidyg Ingal o Inft far thn Aadmicaihla AaAA 4N

al

VO TWOTIT T ToTTC T Oy 2070 U thiC— SO oatriomity  TC vV o T 1o 1ot ToOT o ad i TrosToTe o oTToroTT

voltage distortion due to non-linear loads connected to a specific LV supply. For harmon

ic

orders above approximately the 13th, phase diversity allows a higher percentage of the

compatibility level to be allocated to the LV network. See Annex A.

Rough calculations, depending on different assumptions on the partition of distorting loads,

yi

elded:
Islly <11 % (GB)
Isll; <15 % (Im)
Islly <16 % (CH)

Is/l; < 9 % to 16 %(DE)
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It was decided that the limits should depend on the short-circuit ratio Rg.,, with higher limits
with higher R¢., but remain in principle in the range of the rough calculations.

Further studies were made to find a justified relation between the Ry, values and the limits.

The detailed calculations are lost. An attempt to “recover” the basis of these studies, and relate
it to the limits in IEC 61000-3-12, is presented in Annex G.

This rationale does not consider the provisions of IEC TR 61000-3-4 in detail, since all but one
(relating to equipment rated at over 75 A/phase) have been superseded by provisions of
IHC 61000-3-12.

3  After 1998

anges to be incorporated in IEC 61000-3-12. After a very great deal of discussion, a firpt

7

Ap was expected, experience gained from applying IEC TR 61000-3-4 led to-proposals fopr
c

vpting document was circulated in 2003.

8| History of IEC 61000-4-7 up to 2008

1 First edition in 1991

8

A the title indicates, this was a “general guide” (but it was/not’a Technical Report of any kind).
Itjallowed analogue measurements as well as digital, the latter only recently becoming possib|e
dlie to improvements in low-cost computer hardware. Analogue methods can work for harmonijc
siectra with near-stable harmonic amplitudes, bGt’ much equipment produces fluctuatin
harmonic amplitudes. The measurement bandwidth/was nominally set at 3 Hz. (At that tim
IHC 61000-3-2 did not exist: emission limits were specified in IEC (60)555-2, which was und
rgvision in 1991.)

1% EU@

- -

Ah editorial correction was published in 1994.

2 Second edition in 2002

ope was greatly changed.instead of a “guide” the document is a “standard” and it is|a
omplete and normative ‘specification of a measuring instrument for testing individual items pf
equipment in accordance with emission limits (such as in IEC 61000-3-2), as well as fpr
measurements in supply systems (see IEC 61000-4-30 [16]).

8
This edition is very different from the first edition. Only digital methods are specified, and the
s
c

In spite of this ‘profound change, the title of the document was not changed.

The basic.measurement bandwidth was set at 5 Hz, but this was profoundly modified by tH
controversial introduction of “grouping” — summation of the measured values over 50 Hz (
50 Hz systems) centred on each harmonic frequency This effectlvely increases th

IREER)

emission I|m|ts in IEC 61000 3- 2 ThIS grouplng change aIIows mterharmonlc emissions to be
taken into account, but whether they should be summed with harmonic emissions is still a matter
of debate. To resolve this issue on a temporary basis, a concession to use an instrument
complying with the first edition was introduced, provided that its use was reported with the
results.

An editorial correction was published in 2004.

8.3 Amendment 1 to the second edition

This very large amendment was published in 2008 after several years work in the responsible
committee. Amendment 1 includes corrections to several mathematical expressions and
symbols, new and revised definitions and many changes to the text and some figures.
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The major changes and additions are:

Various definitions are added, such as the group and sub-group total harmonic distortion
THDG,, and THDS,,.

The partially weighted harmonic distortion is added — PWHD,, ,,.

Inter-harmonics measurements and inter-harmonic grouping are defined. Technical
considerations for grouping are explained in an informative Annex C.

A measurement window of 200 ms allows the same processing of 50 Hz and 60 Hz signals,

witha 5 HZ Spectrat resotution. The digital—1,5 5 CPfifterng for 50 HzZ and 60 HZ 15 definep.
A transitional period that permits the use of instruments that adhere to the older\1991
version of IEC 61000-4-7 is included in the second edition with Amendment 1.

h informative Annex B explains the measurement methods up to 9 kHz, with ‘grouping |n
DO Hz intervals. Annex B also includes information on an artificial mains netwerk (AMN) o
cilitate measurements up to 9 kHz.

4 Developments since 2008

Lnendments and updates to the second edition with Amendment4<-The responsible committegs

brious developments in the emission standards IEC 61000-3-2 and IEC 61000-3-12, require

ve been working on various topics. Some of the work on a néw edition was delayed due {o
hgoing discussion on what is called “grouped limits” for IEC,64000-3-2 [1], and possible impaft
h  IEC 61000-4-7 (mainly whether or not IEC.61000-4-7:2002 and I[EC 61000-4-
2002/AMD1:2008, Clause 7, allowing the use of “edition 1” instruments can be deleted).

summary, the agreed upon changes/additionsdnclude:

A change in title of the standard to better«reflect its content.

Adding definitions for POHC (partial odd-harmonic current) and POHV (partial odd harmonjc
voltage).

Clear definition of the phase angle measurement and evaluation to support IEC 61000-8-
12:2011, Table 4 and Table 5, and for general purposes of harmonic current assessmer
Application examples are detdiled in a new Annex D.

—_

Measurement methods..of the partial odd harmonic current (POHC) which is specified |n
IEC 61000-3-2 for Class-A evaluations.

Various editorialematters, some proposed by National Committees, and some required as
IEC guidelines(have changed or have been updated.

Given the extensive changes, a new edition 3 of IEC 61000-4-7 will be published.

Economic considerations taken into account in setting limits in
IEC-61000-3-2 before publication in 1995, and before the finalization of the
text of the Millennium Amendment

0]

nly passive mitigation was considered by IEC as economically practicable at that time, and

only for single-phase equipment. Approximately €1 or $1 would be added to the production cost
(not selling cost) for a TV-set, i.e. approximately 1 % to 2 % for high volume, not low-price
products (a self-ballasted lamp is a typical low-price product).

The cost-sharing idea was implemented by the lower power bound of 75 W:

no harmonics limits up to this power value; costs only to the supply system;

existing harmonics limits beyond this power value; costs to both the product and the supply
system (because the harmonic currents are not zero!).

This was considered in setting the limits in Table 3.
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The limits of Table 1 and Table 2 were taken from the older European standard (EN 50006) into
IEC (60)555-2. No definite information on economics is available for the limits in these tables.
In the European Standard, the scope was restricted to household appliances, and experts from
that sector were actively involved in the work. It might be assumed, therefore, that the economic
effects of the introduction of the limits were acceptable at that time, by the parties involved.

During the preparation of the Millennium Amendment, consideration of economic aspects was
intensified. As a result, many products were re-allocated from Class D to Class A (see 6.6).
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Annex A
(informative)

Compatibility level and compensation factor

A.1 Explanation of the allocation of only part of the total compatibility level to
the low-voltage network

Harmonic distortion at LV-, MV- and HV-levels in the network is mainly produced by harmanfic
clyirrents of non-linear loads installed in the LV-network. The resulting harmonic distortion.in the
LY-network is the geometrical sum of the harmonic voltage drops in the LV-network ahd-in all
sliperimposed MV- and HV-systems. According to IEC standards, the harmonic distortion in the
LY-network shall not exceed the compatibility level given in IEC 61000-2-2.

Harmonic currents of non-linear loads in the LV-network, in the MV-netwerk”and in the HY-
network produce harmonic voltage drops at the harmonic impedanees of the LV/MY-
transformer, of the MV/HV-transformer and of the HV-network including-generator, respectively.
The percentage harmonic voltage drops correspond approximately to the percentage
transformer impedances which are given by the percentage short circuit voltage of each relevant
transformer.

The typical percentage impedances in European networks aregiven in Figure A.1. The partitign
ol the total compatibility level into the parts assigned to ‘€ach voltage level reflects roughly the
rglation of these percentage impedances. In order to account for the geometric summation pf
tHe voltage drops, the share value of 25 % for the kVi-network is increased with respect to the
VIIue which can be derived from the ratio of thevimpedance values. 25 % of the total 4V
compatibility level is therefore used in IEC 61000-3-2 and IEC 61000-3-12 for the assessmept
ol the maximum harmonic currents from non:linear loads in the LV-network for 230 V 50 Hz
systems.
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Figure A.1 — Harmonic voltage drops and harmonic
current injections in a typical system

NOTE The'shares allocated to the three voltage levels are summed geometrically on the assumption that the phage
arlgles aresrandom.

A-2—Compensation factor
A.2.1 Maximum permissible current emission — original approach

The maximum permissible current emission from equipment at each harmonic frequency can
be shown to be:
Iheq = UncLknLv | Zoy pkp g

where

h is the harmonic order;
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