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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization“compr
Il national electrotechnical committees (IEC National Committees). The object of IEC\is to pro
ternational co-operation on all questions concerning standardization in the electrical andrelectronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter.referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natjofral Committee intere

the subject dealt with may participate in this preparatory work. International,”governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance”with conditions determine
greement between the two organizations.

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

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

h order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publica
ansparently to the maximum extent possible inCtheir national and regional publications. Any diverg
etween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation'«of conformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo

lervices carried out by independent ceftification bodies.

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

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

ttention is drawn te’the Normative references cited in this publication. Use of the referenced publicatio
dispensable_forthe correct application of this publication.

ttention isdrawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights? IEC shall not be held responsible for identifying any or all such patent rights.

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

ising
mote
5. To
ons,
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non-
sely
d by

onal
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IEC
any

tions
ence
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rmity

any
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je or
and
IEC

hs is

ct of

r,a

tech

nical committee may pPropose the pnhlianinn of a technical rnpnr’r when it has colle

cted

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61000-3-14, which is a technical report, has been prepared by subcommittee 77A: Low

freq

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

It forms part 3-14 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

The first edition of this technical report has been harmonised with IEC/TR 61000-3-6,
IEC/TR 61000-3-7 and IEC/TR 61000-3-13.
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The

text of this technical report is based on the following documents:
Enquiry draft Report on voting
77A/741/DTR 77A/748/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

rela

A bi

stability date indicated on the IEC web site under "http://webstore.iec.ch” in the
ted to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

lingual version of this publication may be issued at a later date
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INTRODUCTION

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

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Des|
Clag
Conl

Par

Emi
Imm

(in 4
Par

Mes
Tes

Par
Inst
Miti
Par
Par

Eac
or a

as gections. Others.will be published with the part number followed by a dash and a sec
number identifying‘\the subdivision (example: IEC 61000-6-1).

ACKNOWLEDGEMENT

In 2002( the IEC subcommittee 77A made a request to Cigre study committee C4 and C|
study.committee S2, to organize an appropriate technical forum (joint working group) wh

mai

cription of the environment
bsification of the environment

patibility levels
3: Limits
Ssion limits

unity limits
o far as they do not fall under the responsibility of product committees)

4: Testing and measurement techniques

surement techniques

ling techniques
5: Installation and mitigation guidelines

bllation guidelines
pation methods and devices

6: Generic standards

9: Miscellaneous

Is technical specifieations or technical reports, some of which have already been publi

h part is further subdivided into several parts published either as International Standjzrds

hed
ond

ired
ose

TSCoOpe was to prepare, amonyg other tasks,a techmicatreport concermngemissionm H

for the connection of disturbing installations to LV public supply systems.

nits

To this effect, joint working group CIGRE C4.103/ CIRED entitled “Emission Limits for
Disturbing Installations” was appointed in 2003. The working group held 11 formal meetings
dedicated to the revision of IEC/TR 61000-3-6 and IEC/TR 61000-3-7, and the preparation of
two other technical reports on emission limits for voltage unbalance (IEC/TR 61000-3-13) and
emission limits for disturbing installations connected at LV (this report).

Subsequent endorsement of the report by IEC was the responsibility of SC 77A.
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ELECTROMAGNETIC COMPATIBILITY (EMC) —
Part 3-14: Assessment of emission limits for harmonics, interharmonics,

voltage fluctuations and unbalance for the connection of disturbing
installations to LV power systems

1 Seepe

Thig part of IEC 61000, which is informative in its nature, provides guidance on principles that
can|be used as the basis for determining the requirements for the connection of disturbing
installations to low voltage (LV) public power systems. For the purposes of.'this pant of
IEC|61000, a disturbing installation means an installation (which may be a load qr a
gengrator) that produces disturbances: harmonics and/or interharmonics, voltage flicker
andfor rapid voltage changes, and/or voltage unbalance. The primary objective is to proyide
guidance to system operators or owners for engineering practices,~which will facilitate|the
proyision of adequate service quality for all connected customer installations. In addressing
installations, this report is not intended to replace equipment standards for emission limits,

NOTE 1 In this report, low voltage (LV) refers to U, <1 kV.

Thig report addresses the allocation of the capacity of the system to absorb disturbances. It
doep not address how to mitigate disturbances, norrdoes it address how the capacity of| the
sysfem can be increased.

Thig technical report only applies to installations connected to LV public power systems that
supply or may supply other LV loads erinstallations. It is intended to apply to large
installations exceeding a minimum size,\This minimum size (S,;,) is to be specified by|the
sysfem operator or owner depending .op;the system characteristics.

NOTE 2 Due to this minimum size, this report generally does not apply to residential customer's installations.

Thig technical report is not_jintended to set emission limits for individual pieces of equipment
conhected to LV systems. The emission limits for LV equipment are specified in the applicable
IEC| product family standards. The limits specified in these standards have been determined
based on assumptions of the number, type and usage of equipment producing disturbances in
an installation connected to a supply system and based on the reference impedance given in
IEC|60725 considered to be representative of the source impedance for small residential
installations. The'assumptions may not apply to larger LV installations. Hence, the guidellnes
in this repoftyare intended to provide methods for developing emission limits for such large
installations:

NOTE 8,¥Compliance with emission limits determined by application of the methods in this report doeq not
preclude any requirement to comply with equipment emission limits (as determined by national or regional
regulatory requirements.

This technical report deals with low-frequency conducted disturbances emitted by LV
installations. The disturbances considered are:

— harmonics and interharmonics;

— flicker and rapid voltage changes;

— unbalance (negative-sequence component).

Since the guidelines outlined in this report are necessarily based on certain simplifying

assumptions, there is no guarantee that this approach will always provide the optimum
solution for all situations. The recommended approach should be used with flexibility and
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judgment as far as engineering is concerned, when applying the given assessment
procedures in full or in part.

The system operator or owner is responsible for specifying requirements for the connection of
disturbing installations to the system. The disturbing installation is to be understood as the
customer’s complete installation (i.e. including disturbing and non-disturbing parts).

This report provides recommended procedures for developing emission limits for large LV
installations. In order for any network operator or owner to fully apply this report, an expert
would need to derive appropriate factors for the specific types of LV networks operated.

NOTE 4 Simplification of emission limits by setting one set of tables for all LV networks may, in some cases,
result in excessively conservative limits.

The| main part of this report gives the general procedure to allocate emission’ limits| for
harmonics, voltage fluctuation and unbalance to large installations connected at.LV.

Annexes to this report give additional information. In particular,

e Annex A gives a practical example of technical application at _distribution expert levgl or
hational regulation level, in order to derive their own limits “tailored on the spegific
Characteristics of their networks from the general method.

e Annex B gives an example of practical application atdistribution operator level for|the
connection of specific installations based on the local parameters of the LV network.

e Annex C and Annex D give details on the theoretical basis for the derivation and|the
inderstanding of the procedures in this report.

2 |Normative references

The| following referenced documents are\indispensable for the application of this documlent.
For|dated references, only the edition_cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC[60050-161:1990, International  Electrotechnical ~ Vocabulary @ —  Chapter |61:
Eleg¢tromagnetic compatibility:
AmIndment 1 (1997)
Ameéndment 2 (1998)

IEC|TR 60725, Consideration of reference impedances and public supply network
impedances forsuse in determining disturbance characteristics of electrical equipment haling
a rated current. <75 A per phase

IEC|TR,641000-2-1:1990, Electromagnetic compatibility (EMC) — Part 2-1: Environment —
Description of the environment — Electromagnetic environment for low-frequency condugted
disturbances and signalling in public power supply systems

IEC 61000-2-2:2002, Electromagnetic compatibility (EMC) — Part 2-2: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public low-
voltage power supply systems

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
current emissions (equipment input current <16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject to conditional connection
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IEC/TR 61000-3-6:2008, Electromagnetic compatibility (EMC) - Part 3-6: Limits -
Assessment of emission limits for the connection of distorting installations to MV, HV and
EHV power systems

IEC/TR 61000-3-7:2008, Electromagnetic compatibility (EMC) - Part 3-7: Limits -
Assessment of emission limits for the connection of fluctuating load installations to MV, HV
and EHV power systems

IEC 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems -

: 4 e - 'l 4 Z A 'l S s Lids Il el
Eq PHICTIC WILTT TatCU CUrrCrit > 7J A difd suljecol U CUNTAIIorar CUrIricCirori]

IEC|61000-3-12, Electromagnetic compatibility (EMC) — Part 3-12: Limits — cbimits| for
harmonic currents produced by equipment connected to public low-voltage systems.with ipput
curent >16 A and <75 A per phase

IEC[TR 61000-3-13:2008, Electromagnetic compatibility (EMC) - Part’ 3-13: Limit
Asspessment of emission limits for the connection of unbalanced installations to MV, HV |and
EHY power systems

o
|

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

3 |Terms and definitions

For|the purposes of this document, the following.definitions apply as well as the definitions in
IEC|60050(161).

3.1
95 % (99 %) probability weekly (daily) value
valde that is not exceeded during 95.% (99 %) of the time over one week (day)

3.2
agreed power
valye of the apparent power of the disturbing installation on which the customer and|the
sysfem operator or owner agree. In the case of several points of connection, a different value
may be defined for each connection point

3.3
customer
pergon, company or organisation that operates an installation connected to, or entitled tg be
conhected+o, a supply system by a system operator or owner

3.4
(electromagnetic) disturbance

any electromagnetic phenomenon which, by being present in the electromagnetic
environment, can cause electrical equipment to devite from its intended performance

3.5

disturbance level

the amount or magnitude of an electromagnetic disturbance measured and evaluated in a
specified way

3.6

disturbing installation

electrical installation as a whole (i.e. including disturbing and non-disturbing parts) which can
cause a disturbance of the voltage or current into the supply system to which it is connected
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NOTE For the purpose of this report, all references to disturbing installations not only include loads, but
generating plants as well.

3.7

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

NOTE 1 Electromagnetic compatibility is a condition of the electromagnetic environment such that, for every
phenomenon, the disturbance emission level is sufficiently low and immunity levels are sufficiently high so that all
deviges,EqUipTTENt amd-SYStENTS Operate as mendea:

NOTE 2 Electromagnetic compatibility is achieved only if emission and immunity levels are controlled\such| that
the immunity levels of the devices, equipment and systems at any location are not exceeded by the\disturbpnce
level| at that location resulting from the cumulative emissions of all sources and other factors such as c|rcuit
impeldances. Conventionally, compatibility is said to exist if the probability of the departure “from intepded
perfgrmance is sufficiently low. See Clause 4 of IEC/TR 61000-2-1.

NOTE 3 Where the context requires it, compatibility may be understood to refer to a single.disturbance or clags of
disturbances.

NOTE 4 Electromagnetic compatibility is a term used also to describe the.field of study of the adyerse
elecfromagnetic effects which devices, equipment and systems undergo from each-other or from electromagpetic
pherjomena.

3.8
(eleictromagnetic) compatibility level
specified electromagnetic disturbance level used_@as a reference level in a specified
env|ronment for co-ordination in the setting of emission and immunity limits

NOTE By convention, the compatibility level is chosen sb.that there is only a small probability (for example |5 %)
that |t will be exceeded by the actual disturbance level.

3.9
emission
phephomenon by which electromagnetic energy emanates from a source of electromagnetic
disthrbance

[IEG 60050-161:1990, 161-04~68 modified]

NOTE For the purpose of this report, emission refers to phenomena or conducted electromagnetic disturbances
that pan cause distortions;<fluctuations or unbalance on the supply voltage.

3.1(
emission level
levgl of a.given electromagnetic disturbance emitted from a particular device, equipmient,
sysfem of‘disturbing installation as a whole, assessed and measured in a specified manne

-

3.1
emission limit

maximum emission level specified for a particular device, equipment, system or disturbing
installation as a whole

3.12

generating plant

any equipment that produces electricity together with any directly connected or associated
equipment such as a unit transformer or converter

3.13

immunity (to a disturbance)

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance
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3.14

immunity level

maximum level of a given electromagnetic disturbance on a particular device, equipment or
system for which it remains capable of operating with a declared degree of performance

3.15
installation size

3.15.1

large installation
installation with an _agreed power greater than or equal to a value specified by the system
opefator or owner

NOTE This specified value is named S_; in this report.

3.15.2

small installation
installation with an agreed power lower than a value specified by thecsystem operator or
owner

NOTE This specified value is named S_; in this report.

3.16
normal operating conditions
operating conditions of the system or of the disturbing\ installation typically including all
gengration variations, load variations and reactive cempeénsation or filter states (e.g. shunt
capfcitor states), planned outages and arrangements“during maintenance and construdtion
work, non-ideal operating conditions and normal ‘eontingencies under which the considg¢red
sysfem or disturbing installation has been designed to operate

NOTE Normal system operating conditions typically."exclude: conditions arising as a result of a fault jor a
combination of faults beyond that planned for under the system security standard, exceptional situations| and
unavoidable circumstances (for example: forcei"majeure, exceptional weather conditions and other ngtural
disagters, acts by public authorities, industrial’ actions), cases where system users significantly exceed [their
emission limits or do not comply with the connection requirements, and temporary generation or sypply
arranpgements adopted to maintain supply'to customers during maintenance or construction work, where othelfwise
supply would be interrupted.

3.17
planning level
levgl of a particular disturbance in a particular environment, adopted as a reference valug for
the [limits to be set-faor'the emissions from the installations in a particular system, in ordgr to
co-grdinate those limits with all the limits adopted for equipment and installations intendefd to
be gonnected toithe power supply system

NOTE Planning levels are considered internal quality objectives to be specified at a local level by those
resppnsible for planning and operating the power supply system in the relevant area.

3.18
point of common coupling

PCC

point in the public supply system, which is electrically closest to the installation concerned, at
which other installations are, or could be, connected. The PCC is a point located upstream of
the considered installation

NOTE A supply system is considered as being public in relation to its use, and not its ownership.

3.19

point of connection

POC

point on a public power supply system where the installation under consideration is, or can be
connected
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NOTE A supply system is considered as being public in relation to its use, and not its ownership.

3.20

point of evaluation

POE

point on a public power supply system where the emission levels of a given installation are to
be assessed against the emission limits. This point can be the point of common coupling
(PCC) or the point of connection (POC) or any other point specified by the system operator or
owner or agreed upon

NOTE A supply system is considered as being public in relation to its use, and not its ownership.

3.21
public low-voltage power system
a lowv-voltage power system that supplies or may supply several installations or custamers

NOTE A supply system is considered as being public in relation to its use, and not its ownership.

3.22
shojrt circuit power
thegretical value expressed in MVA of the initial symmetrical three-phiase short-circuit pdwer
at d point on the supply system. It is defined as the product of 4h€~initial symmetrical short-
circyiit current, the nominal system voltage and the factor V3-with the aperiodic compomnent
(DC)) being neglected

3.23
spur
feeder branch off a main feeder (typically applied oo’ MV and LV feeders)

3.24
supply system
all fhe lines, switchgear and transformers ‘operating at various voltages which make up|the
transmission systems and distribution’ systems to which customers’ installations |are
conhected

3.2
system operator or owner
entify responsible for making technical connection agreements with customers who |are
seeking connection of load or generation to a distribution system

3.2

transfer coefficient (influence coefficient)
relative levelof disturbance that can be transferred between two busbars or two parts pf a
power sysfem for various operating conditions

3.2

phenomena related definitions
harmonics

definitions 3.27.1 to 3.27.9 relate to harmonics. They are based on the analysis of system
voltages or currents by the Discrete Fourier Transform method (DFT); this is the practical
application of the Fourier transform as defined in IEC 60050-101:1998, 101-13-09

NOTE 1 The Fourier Transform of a function of time, whether periodic or non-periodic, is a function in the
frequency domain and is referred to as the frequency spectrum of the time function, or simply spectrum. If the time
function is periodic, the spectrum is constituted of discrete lines (or components). If the time function is not
periodic, the spectrum is a continuous function, indicating components at all frequencies.

NOTE 2 For simplicity, the definitions given in this report refer only to (inter)harmonic components. However,
these should not be interpreted as a restriction on the use of other definitions given in other IEC documents, for
example IEC 61000-4-7, where the reference to (inter)harmonic groups or subgroups are more appropriate for
measuring rapidly varying signals.
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3.271
fundamental frequency

frequency in the spectrum obtained from a Fourier transform of a time function, to which all
the frequencies of the spectrum are referred. For the purpose of this technical report, the
fundamental frequency is the same as the power supply frequency

NOTE In the case of a periodic function, the fundamental frequency is generally equal to the frequ
corresponding to the period of the function itself.

3.27.2

fun

damental component

ency

co

3.27.3

har

frequency which is an integer multiple of the fundamental frequency. The ratio of'the harm
frequency to the fundamental frequency is the harmonic order (recommended’ notation: “h”

3.27.4

har
any

referred to simply as a harmonic

3.27.5
intgrharmonic frequency

any

NOTE 1 By extension from harmonic order, the interharmohic order is the ratio of an interharmonic frequen
the fundamental frequency. This ratio is not an integer. (Récommended notation “m”).

NOTE 2 In the case where m < 1, the term subharmanic frequency may be used.

3.27.6

intgrharmonic component
confponent having an interharmeénic frequency. For brevity, such a component may
refefrred to simply as an “interharmonic”

3.29.7

totgl harmonic distortion
THD
ratig of the r.m.s. value of the sum of all the harmonic components up to a specified order
to the r.m.s. value.of the fundamental component

ponent wnose irequency Is the tunaamental rrequency

monic frequency

monic component
of the components having a harmonic frequency. For brevity{such a component may

frequency which is not an integer multiple of the fundamental frequency

bnic

be

Cy to

be

Q represents either current or voltage,

Q, is the r.m.s. value of the fundamental component,

h is the harmonic order,

Q,, is the r.m.s. value of the harmonic component of order h,
H is generally 40 or 50 depending on the application.


https://iecnorm.com/api/?name=5d7dc312f855068d474efddf2af4bf19

-16 - TR 61000-3-14 © IEC:2011(E)

3.27.8

distorting installation

electrical installation as a whole (i.e. including distorting and non-distorting parts) which can
cause distortion of the voltage or current into the supply system to which it is connected

NOTE For the purpose of this report, all references to distorting installations not only include linear and non-linear
loads, but generating plants, and any source of non-sinusoidal current emissions such as regenerative braking
systems.

3.27.9
non-linear load or equipment (see also distorting installation)
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voltage

3.2
Phenomena related definitions — Flicker and rapid voltage changes

3.28.1
flicker
impfession of unsteadiness of visual sensation induced by a light stimulus whose lumingnce
or spectral distribution fluctuates with time

NOTE Flicker is the effect on the incandescent lamps while the electremagnetic phenomenon causing|it is
referfed as voltage fluctuations.

3.28.2

rapid voltage changes
chaphges in fundamental frequency r.m.s. voltages_over several cycles; rapid voltage charlges
could also be in the form of cyclic changes

NOTE Rapid voltage changes are often caused by’start-ups, inrush currents or switching operation of equipmgnt.

3.28.3

flugtuating installation
elegtrical installation as a whole *(i-¢. including fluctuating and non-fluctuating parts) whigh is
characterized by repeated or sudden power fluctuations, or start-up or inrush currents which
can|produce flicker or rapid-veltage changes on the supply system to which it is connected

NOTE For the purpose ofithis report, all references to fluctuating installations not only include loads, but|also
gengrating plants.

3.28.4
volfage fluctaations
serips of voltage changes or a cyclic variation of the voltage envelope

unbalance

the definitions below that relate to unbalance are based on the analysis of system voltages or
currents by Fortescue’s transformation matrix and the Discrete Fourier Transform method
(DFT) for the purpose of extracting the fundamental frequency components for the calculation
of the unbalance factor

3.29.1

voltage unbalance (imbalance)

in a polyphase system, a condition in which the magnitudes of the phase voltages or the
phase angles between consecutive phases are not all equal (fundamental component)

[IEC 60050-161:1990, 161-08-09 modified]
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NOTE In three-phase systems, the degree of inequality is usually expressed as the ratio of the negative and zero
sequence components to the positive sequence component. In this technical report, voltage unbalance is
considered in relation to three-phase systems and negative sequence only.

3.29.2

positive-sequence component of 3-phase voltages (or currents)

defined as the symmetrical vector system derived by application of the Fortescue’s
transformation matrix and given mathematically by

U,= % (U, +a U, +a*U,) where a:14120°:—%+j% and U,, U,, U, are line to neutral

voltgges—{furmdamentat-comporent)

NOTE Phase-to-phase voltages may also be used.

3.29.3

negative-sequence component of 3-phase voltages (or currents)
defined as the symmetrical vector system derived by application of\/the Fortescle’s
transformation matrix and given mathematically by

1 43

U, % (U, + a*U, +a-U;) where a =14120°=_§+j7 and U4-U,, U, are line to nedltral
voltages (fundamental component)

NOTE Phase-to-phase voltages may also be used.

3.29.4

zerp-sequence component of 3-phase voltages (or currents)
defined as the symmetrical vector system, derived by application of the Fortescpe’s
transformation matrix and given mathematically*by

Up F %(ga + Uy, + U.) where U,, Uy, U .are line to neutral voltages (fundamental componelnt)

NOTE Phase-to-phase voltages cannot be used as the zero-sequence component in this case will be zero.

3.29.5

voltage unbalance factor
u
defined as the rati¢ of the modulus of the negative-sequence to the positive-sequgnce
components of thelvoltage at fundamental frequency, expressed as a percentage

‘U ‘ ‘ga+ang+agc‘
u==2100= .100 (%)

Y| ‘Qa+agb+a2gc‘

4 f=y) " L " } L s " T " PR L
NOT T FTTdST=lU=PITdST VUILAUTS TITdy dloU DT USTU TTsical Ul e tu Ticutrdl vUIldyces.

NOTE 2 For simplicity in this report u has been used to denote the voltage unbalance factor instead of u,.

An equivalent formulation is given in IEC 61000-4-30:

4

4 4
_ _ Uol + Ul +[Uea
1B oot o2 "

1+3-6p Ul )

+ ‘ch

+

ca

(uab
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3.29.6

cur
IUF

rent unbalance factor

defined as the ratio of the modulus of the negative-sequence to the positive-sequence
components of the current at fundamental frequency, expressed as a percentage

3.29.7
unbalanced installation

ac
cha
pha

NOTE For the purpose of this report, all references to unbalanced installations not only_include loads, but
gengrating plants.

4

4.1

The| development of emission limits (voltage or current) for individual equipment ¢

cus
the
for
wh
ave

4.2
4.2.

These are reference values for co-ordinating the emission and immunity of equipment w
art of, or supplied hy, -a supply system in order to ensure the EMC in the whole system

is p
(inc
95

spa
can

comlpatibility~levels should be made on a system-wide basis and no assessment metho

pro

The| compatibility levels for low-frequency conducted disturbances in public LV power su

la+a®lb+alc

ip = M.mo =
I

.100 (%)
2

lat+alb+a

lc

stomer’s installation as a whole (i.e. including balanced and unbalanced parts) whig
racterized according to its operation by unequal line currents, either magnitude an
5e angle, which can give rise to voltage unbalance on the supply system

Basic EMC concepts

General

omer’s installation should be based on the effect\that these emission limits will haveg
quality of the voltage. Some basic concepts are’used to evaluate voltage quality. In o
hese concepts to be used for evaluation at specific locations, they are defined in term
re they apply (locations), how they are measured (measurement duration, sample tin

Compatibility levels

1 General

uding system and conhnected equipment). Compatibility levels are generally based on
o probability levels of entire systems, using distributions which represent both time
Ce variationsyof“disturbances. There is allowance for the fact that the system oper
hot controhall points of a system at all times. Therefore, evaluation with respec

ided for.evaluation at a specific location.

h is
d/or

also

r a
on
rder
s of
hes,

faging durations, statistics), and how they are calculated. These concepts are described
hergafter and illustrated in Figures 1 and 2:-Definitions may be found in IEC 60050(161).

hich

the
and
ator
t to
d is

pply

systems are given in international standard IEC 61000-2-2.

4.2.2 Harmonics

The compatibility levels in IEC 61000-2-2 for harmonic voltages in LV systems shall be
understood to relate to quasi-stationary or steady-state harmonics, and are given as reference
values for both long-term effects and very-short-term effects.

The long-term effects relate mainly to thermal effects on cables, transformers, motors,

capacitors, etc. They arise from harmonic levels that are sustained for 10 min or more.

Very short-term effects relate mainly to disturbing effects on electronic devices that may

be susceptible to harmonic levels sustained for 3 s or less. Transients are not included
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With reference to

long-term effects,

— 19—

the compatibility

levels for

individual

harmonic

components of the voltage are given in Table 1. The compatibility level for the total harmonic

distortion is THD = 8 %.

Table 1 — Compatibility levels for individual harmonic voltages in LV networks
(percent of fundamental component) reproduced from IEC 61000-2-2

Odd harmonics Odd harmonics Even harmonics
non-multiple of 3 multiple of 3
Harmonic Harmonic Harmonic Harmonic Harmonic Harmonic
order vnlfagn order vnlfngn order vnlfagn
h % h % h %
5 6 3 5 2 2
7 5 9 1,5 4 1
1 3,5 15 0,4 6 0,5
13 3 21 0,3 8 0,5
17 10
f< h <49 2,27-7—0,27 21< h< 45 0,2 10 < h &50 0,25~7+0,25
With reference to the very-short term effects (see IEC 61000-2<2), the compatibility levelg for
indiyidual harmonic components of the voltage are the values”given in Table 1 multiplied by a
factpr ky,s, Where ks is calculated as follows:
0,7
k =13+~~-(h—-5 1
hvs 45 ( ) (1)
With reference to the very-short term effects of harmonics, the compatibility level for the fotal
harmonic distortion is THD = 11 %.
4.23 Interharmonics
Knowledge of the electromagnetic disturbance involved in interharmonic voltages is |still
developing.
In sfandard IEC 61000~2-2, compatibility levels are given only for the case of an interharmpnic
voltage occurring ‘at a frequency close to the fundamental frequency (50 Hz or 60 Hz),
resulting in amplitude modulation of the supply voltage which causes flicker. The compatibility
levgl for a single interharmonic voltage in this case is based on a flicker level of Pg; = 1 (see
Figyre 2 inNl[EC 61000-2-2).
Stapdard IEC 61000-2-2 also provides indicative values for interharmonics at ofher
frequencies.

e It is suggested that the reference level for each interharmonic frequency be equal to the
compatibility level given in Table 1 for the next higher even harmonic.

e On a network containing ripple control receivers, the reference level at the defined
operational frequency of the receivers should be 0,2 % of the nominal supply voltage.

e For a discrete frequency in the range from the 50" harmonic up to 9 kHz, the suggested
reference level is 0,2 % of the fundamental component.

e For a band of frequencies in the range from the 50" harmonic up to 9 kHz, the suggested
reference level for any 200 Hz bandwidth is 0,3 % of the fundamental component.
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4.2.4 Voltage fluctuations

The international flickermeter (see IEC 61000-4-15) provides two quantities to characterize
the flicker severity: P (“st” referring to “short term”: one value is obtained for each 10 min
period) and P (“It” referring to “long term”: one value is obtained for each 2 h period). The
flicker related voltage quality criteria are generally expressed in terms of Py and/or Py, with
P\; typically being derived from groups of 12 consecutive P, values as follows:

12
Pe =3 > Pstj (2)
=

2

For| flicker in LV systems, the compatibility levels are reproduced in Table, 2 from
IEC{61000-2-2.

Table 2 — Compatibility levels for flicker in
LV networks reproduced from IEC 61000-2-2

Flicker
1,0
0,8

It is| also assumed in this report that the flickermeter @nd the associated severity factors|are
adapted to the type of incandescent lamps in use (.} 120 V or 230 V) so that the flicker [imit
remains the same irrespective of the voltage of the lamps. This is important because 130 V
lamps are less sensitive to voltage fluctuations _than 230 V lamps and 100 V lamps are gven
lesq sensitive.

In normal circumstances, the value of sapid voltage changes is limited to 3 % of nomjinal
supply voltage in LV systems. Howewver step voltage changes exceeding 3 % can og¢cur
infrequently on the public supply network (see IEC 61000-2-2).

4.2.56 Unbalance

The| compatibility level for "voltage unbalance in LV systems given in IEC 61000-2-2 [s a
negptive sequence component of 2 % of the positive sequence component. In some areas,
especially where it .is_the practice to connect large single-phase loads, values up to 3 % ay
occur.

NOTE 1 It issalso worthwhile noting that the above compatibility levels refer to steady state heating effegts of
voltage unbalanece. Higher values may be recorded over a short period of time (100 % of voltage unbalance djiring
a short-cjrcuit, for example), but these short-duration high unbalance levels do not necessarily produge a
significantheating effect on equipment.

NOTEZ The speciiication of unbalance protection requirements within installations should take the compatbility
level and the instantaneous unbalance effects into consideration.

NOTE 3 The level of 3% may occur typically on LV networks and MV networks which supply smaller installations
by connecting these at single-phase (or between phases).

4.3 Planning levels
4.3.1 Indicative values of planning levels

These are levels that can be used for planning purposes in evaluating the impact on the
supply system of all disturbing installations. Planning levels are specified by the system
operator or owner for all system voltage levels and can be considered as internal quality
objectives of the system operator or owner.
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Planning levels are equal to or lower than compatibility levels and they should allow co-
ordination of disturbance levels between different voltage levels. Some margin between
planning and compatibility levels might be justified to account for Voltage Characteristics (see
note below), for resonance, etc. Planning levels will differ from case to case, depending on
system structure and circumstances, and no definite values can be given (for compatibility
levels see 4.2).

NOTE Voltage characteristics that are quasi-guaranteed levels exist in some countries. These should be
coordinated with the planning levels. In considering these, the nature of the system should be taken into
consideration.
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emission limits for individual customer disturbing installations.

4.3.2 Assessment procedure for evaluation against planning levels

Thel measurement methods to be used are the class A measurement methods definedl in
IEC|61000-4-30. The data flagged in accordance with the standard should“be removed from
the |assessment. For clarity, where data is flagged, the percentile used in calculating|the
indices defined below is calculated using only the valid (unflagged) data.

For(rapid voltage changes, no standardized measurement method exists. For this reason,|it is
recommended that the assessment procedure used in this( case be based on measyred
chahges in r.m.s. voltage considering only the power frequéncy component with transi¢nts
rempved. In practice, the shortest possible multi-cycleXwindow should be used to ayoid
artificially smoothing the desired r.m.s fundamental frequency voltage change.

For|each type of disturbance, the minimum medsurement period is one week of nofmal
bus|ness activity. The monitoring period should“include some part of the period of expe¢ted
max)imum disturbance levels.

Ong or more of the following indices may be used to compare the actual disturbance lepels
with the planning levels. More than on€ index may be needed for planning levels in order to
assess the impact of higher emission-levels allowed for shorter periods of time such as dufing
burgts or start-up conditions.

For[harmonic voltages, the(indices are the following.

— The 95 % weekly value of Uy, ¢ (r.m.s. value of individual harmonics over "short" 10 [min
pberiods) should-not exceed the planning level.

— ['he greatestt\99 % probability daily value of Uy s (r.m.s. value of individual harmpnic
components_over "very short" 3 s periods) should not exceed the planning level times| the
multiplying ‘factor ks given in Equation (1) with reference to very short-term effects of
harmonies.

NOTENI¥ Harmonics are generally measured up to order 40 or 50, depending on the application.

For Flicker, the indices for Py and P, are the following.

— The 95 % probability weekly value of Py should not exceed the planning level.

— The 99 % probability weekly value of P should not exceed the planning level times a
multiplying factor (for example: 1 — 1,5) to be specified by the system operator or owner,
depending on the system and load characteristics.

— The 95 % probability weekly value of P; should not exceed the planning level.

NOTE 2 Possible abnormal results (e.g. due to voltage dips or other transients) should be eliminated. It is also
advisable that each new P, value be incorporated in a revised P, calculation using a sliding window where the
oldest P, measurement is replaced by the newest P, value at each 10 minute interval. This recommended P,
calculation procedure results in 144 P values each day. In some cases, this may require post-processing of P,
outputs from a flickermeter.


https://iecnorm.com/api/?name=5d7dc312f855068d474efddf2af4bf19

- 22 - TR 61000-3-14 © IEC:2011(E)

For rapid voltage changes, because of their low frequency of occurrence, no statistical indices
are considered. Thus maximum values of rapid voltage changes should not exceed the
planning levels. However, high values due to abnormal disturbances such as faults or
abnormal switching operations should be removed from the assessment.

For voltage unbalance, the indices are the following.

— The 95 % weekly value of ug, (voltage unbalance factor at fundamental frequency over
"short" 10 min periods) should not exceed the planning level.

— The greatest 99 % probability daily value of u,¢ (voltage unbalance factor at fundamental
IU\.{UUII\J_Y \PA'Av]] "VUIy Ohult" 3 p=] }JUI;UdO) ohuu:d IIUt UI\\JUUd thc P:qllll;lly :UVU: t;lll S a
multiplying factor (for example: 1,25 — 2) to be specified by the system Operator or,Owher,
Hlepending on the characteristics of the system and the loads with their protection(deviges.

NOTE 3 In accordance with IEC 61000-4-30, only the fundamental frequency positive and negative-sequgence
components must be used when assessing the voltage unbalance factor (harmonics should be extracted as gome
negdtive-sequence harmonics can alter the measurement results).

4.4 | Illlustration of EMC concepts

The| basic concepts of planning and compatibility levels are illustrated in Figures 1 and 2.
Thely are intended to emphasize the most important relationships between the basic varialles.

Within an entire power system, it is inevitable that some level of interference will occuf on
somnle occasions, hence there is a risk of overlapping between the distributions of disturbgnce
levgls and immunity levels (see Figure 1). Planning lev€ls are generally equal to or lower than
the [compatibility level; they are specified by the operator or owner of the system. Immynity
test| levels are specified by relevant standards .er 'agreed upon between manufacturers [and
cusfomers.

Compatibility level —
Immunity
Planning | test
levels levels
Probability /\ /\
density
Equipment
System immunity
disturbance level
level
Disturbance level
IEC 2357/11
Figure 1 — lllustration of basic voltage quality concepts with

time/location statistics covering the whole system
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Figure 2 — lllustration of basic voltage quality concepts with

time statistics relevant to one site within the whole system

Figure 2 illustrates, the probability distributions of disturbance and,immunity levels at
site are normally narrower than those in the whole power)system, so that at n
tions there is little or no overlap of disturbance and immunity level distributi

tion satisfactorily. Electromagnetic compatibility is therefore more probable than Figu
pars to suggest.

Emission levels

co-ordination approach recommended in this'report relies on individual emission le
g derived from the planning levels. For_this reason, the same indices are applied |
n evaluating actual measurements agaifnst the emission limits and against the plan
Is.

or more of the following indices*can be used to compare the actual emission level

customer’s emission limit. Maere than one index may be needed in order to assess
act of higher emission levels allowed for short periods of time such as during burst
t-up conditions.

harmonic emissions, the indices are:

he 95 % weekly value of Uy ¢, (or I ¢ ), the r.m.s. value of individual harmonics
short" 10 min periods, should not exceed the emission limit Ep,; (or Ep);

he greatest 99 % probablllty daily value of Uy ¢ (or I, s ), the r.m.s. value of indivi
harmonic components over "very short" 3 s periods, should not exceed the emission
multiplied by the factor ks given in Equation 1.

any
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rference is therefore not generally a major concern, andj) equipment is anticipated to
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Thcker emissions, the Indices are:

— the 95 % probability weekly value of Pg; should not exceed the emission limit Epgy;;

— the 99 % probability weekly value of P, should not exceed the emission limit Epgy; times a
multiplying factor (for example: 1 — 1,5) to be specified by the system operator or owner,
depending on the system and load characteristics;

— the 95 % probability weekly value of P; should not exceed the emission limit Epy;.

For rapid voltage changes, because of their low frequency of occurrence, no statistical indices
are considered. Thus maximum values of rapid voltage changes including frequency of
occurrence should not exceed the emission limits. However, high values due to abnormal
disturbances such as faults or abnormal switching operations should be removed from the
assessment.
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For unbalance emissions, the indices are:

— the 95 % weekly value of uyg, or isg,, voltage or current unbalance factor at fundamental
frequency over "short" 10 min periods, should not exceed the emission limit E ;5 ; (or E;5 ;);

— the greatest 99 % probability daily value of u,, or iy, voltage or current unbalance factor
at fundamental frequency over "very short" 3 s periods, should not exceed the emission
limit times a multiplying factor (for example: 1,25 — 2 times) to be specified by the system
operator or owner, depending on the characteristics of the system and the loads with their
protection devices.

In order to compare the levels of disturbance emissions from a customer’s installation with the
emigsion limits, the minimum measurement period should be one week. However shqrter
measurement periods might be needed for assessing emissions under specific conditipns.
Such shorter periods should represent the expected operation over the longer assessment
peripd (i.e. a week). In any case, the measurement period must be of sufficientyduratioh to
capfure the highest level of disturbance emissions which is expected to ,occur. If [any
distbrbance emission is dominated by one large item of equipment, the period should be
suffjcient to capture at least two complete operating cycles of this equipment. If the emisgion
is caused by the summation of several items of equipment, the period, should be at least jone
opefating shift.

The| measurement methods to be used are the class A measurement methods defined in
IEC|61000-4-30. The data flagged in accordance with the standard should be removed from
the |assessment. For clarity, where data is flagged, the.percentile used in calculating|the
indices defined above is calculated using only the valid (unflagged) data.

Forfharmonics, when the signal to be analysed is rapidly varying (e.g. the current drawn by an
eledtric arc), the measurement of (inter)harmonic. groups and subgroups should be used as
explained in IEC 61000-4-7, rather than the harmonic components.

For|rapid voltage changes, no standardized“measurement method exists. For this reason,|it is
recgmmended that the assessment, pfocedure used in this case be based on measyred
chapges in r.m.s. voltage considering only the power frequency component with transignts
rempved. In practice, the shortest possible multi-cycle window should be used to ayoid
artificially smoothing the desired.r.m.s fundamental frequency voltage change.

For| each type of disturbance, the emission level from a disturbing installation is |the
disturbance level assessed according to other indications given in Clause 6.

5 |General principles

5.1 General

The| proposed approach for setting emission limits of disturbing installations depends on|the
agreed“power of the customer's installation and the system characteristics. The objective is to
limit the disturbance injection from the total of all disturbing installations to levels that will not
result in voltage disturbance levels that exceed the planning levels. Three stages of
evaluation are defined which may be used in sequence or independently.

5.2 Stage 1: simplified evaluation of disturbance emission

It is generally acceptable for a customer to install small appliances without specific evaluation
of disturbance emission by the system operator or owner. Manufacturers of such appliances
are generally responsible for limiting the emissions. For instance, IEC 61000-3-2 and
IEC 61000-3-12 in the case of harmonics, and IEC 61000-3-3 and IEC 61000-3-11 in the case
of voltage fluctuations are product family standards that define emission limits for equipment
connected to LV systems. For small installations, such as residential dwellings, the system
operator or owner can thus rely on these emission limits for individual pieces of equipment to
comply with the planning levels.
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In the case of larger installations, more care has to be taken by the system operator or owner
to make sure that planning levels are not exceeded. However, it remains possible to define
conservative criteria for quasi-automatic acceptance for disturbing installations on LV
systems. Indeed, if the total disturbing load, or the customer’s agreed power, is small relative
to the short circuit capacity at the point of evaluation, it should not be necessary to carry out
detailed evaluation of the disturbance emission levels.

In Clauses 8 to 10 specific criteria are developed for applying stage 1 evaluation.

5.3 Stage 2: emission limits relative to actual system characteristics

If an installation does not meet stage 1 criteria, the specific characteristics of the disturbing
installation should be evaluated together with the absorption capacity of the system.dor gach
typg of disturbance, the absorption capacity of the system is derived from the planning leyels,
and| is apportioned to individual customers' installations according to their,demand with
respect to the total system capacity. The disturbance level transferred from-the upstrgam
voltage levels of the supply system to the low voltage level should also be.considered when
appprtioning the planning levels to individual customers' installations.

The| principle of this approach is that, if the system is utilized at its-full designed capacity jand
all customers' installations are injecting up to their individualAimits, the total disturbgnce
levgls will be equal to the planning levels taking into account the transfer factors between
different parts of the system and the summation of variousdisturbing loads. A procedurg for
appprtioning the planning levels to individual installations is outlined in Clauses 8 to 10.

5.4| Stage 3: acceptance of higher emission levels'on a conditional basis

Under some circumstances, the system operator.or owner may accept a disturbing installgtion
to emit disturbances beyond the basic limits allowed in stage 2. This is especially the dase
when stage 2 limits are generic limits derived using typical but conservative system
characteristics. In such a situation, the customer and the system operator or owner may agree
on gpecial conditions that facilitate connection of the disturbing installation.

The| following factors may leave @.margin on the system for allowing higher emission limits,
for ¢xample:

e Bome installations do not produce significant levels of disturbances because they do| not
nave disturbing equipment of significant magnitude. Therefore, some of this undsed
listurbance capaecity'of the system may be available for utilization on a temporary basis.

e ['he general summation law may be too conservative in some instance: some disturbing
nstallationsswcan produce disturbances with opposite phase; or phase shifting within|the
system may1ead to partial cancellation of disturbances.

e T'he actual LV system characteristics may allow more emissions than hypothesized for| the
Hevelopment of the generic emission limits in stage 2 (e.g.: shorter LV feeders).

e Eorunbalanceifall-the piecesof equipmentwithin L\ installations—are-single-phase it is
possible to allow higher unbalance levels because equipment is not as much affected by
unbalance.

In some cases, higher global contribution at LV may be defined after reallocation of the
planning levels between LV and MV systems, to take account of local phenomena such as
special attenuation effects or absence of disturbing installations at a certain voltage level.

In all the cases, when appropriate, the system operator or owner may decide to allocate
higher emission limits under stage 3. A careful study of the connection should be carried out,
taking account of the pre-existing levels of disturbances and of the expected contributions
from the considered installation for different possible operating conditions. Acceptance of
higher than normal emission limits may be given to customers' installations only on
conditional basis and limitations may be specified by the system operator or owner. For
instance, temporary stage 3 limits may apply
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e as long as spare supply capacity remains available in the system for allowing more
emissions,

e as long as most other customers do not make full use of their normal stage 2 emissions
limits,

o for the time needed for a new installation to implement additional corrective measures
whenever needed.

5.5 Responsibilities

In the context of this report from the EMC point of view, the following responsibilities are
defiped:

e ['he customer is responsible for maintaining his emissions at the specified(point of
evaluation below the limits specified by the system operator or owner.

e ['he system operator or owner is responsible for the overall co-ordination of disturbgnce
evels under normal operating conditions in accordance with national requirements. |For
bvaluation purposes, the system operator or owner should, whererequired, proyide
relevant system data, such as system impedance (see 6.4) or shant-circuit power, [and
bxisting levels of disturbances. The evaluation procedure is desighed in such a way that
he disturbance emissions from all disturbing installations do not.cause the overall system
Jisturbance levels to exceed the planning levels. However, given specific local conditfons
bnd the assumptions that are necessary in this evallation procedure, there is| no
juarantee that the recommended approach will always avoid exceeding the leyels,
bspecially if the pre-existing disturbance levels are already high.

o Finally, in the case where the installation exceeds.ifs emission limits, the system opergtor
br owner and customer should co-operate when necessary in the identification of|the
bptimum method to reduce emissions. The design and choice of method for such redudtion
bre the responsibility of the customer.

NOTE This report is mainly concerned with emissigns: However, disturbance absorption may also be a problgm if,
for ipstance, filters or capacitor banks are connected without due consideration for their interaction with the
harmonics normally present in the power system;~Absorption of negative-sequence currents may also be a proplem
if eqipment is connected without due consideration for their rating given the unbalance voltage normally presgnt in
the gower system. Thus the problem of disturbance absorption is also part of the customer’s responsibility.

6 |General guidelines for the assessment of emission levels

6.1 Point of evaluation

The| point of evaluation (POE) is the point where the emission levels of a given customler’s
installation arg.assessed for compliance with the emission limits. This is also a point within
the [considefed power system at which the planning levels are defined. This point could be| the
point of cannection (POC) or the point of common coupling (PCC) of the disturbing installation
or anyother point specified by the system operator or owner or agreed upon.

NOTE 1 It should be noted however that for the determination of the emission limits and for the evaluation of the
emission levels it is often necessary to take account of system parameters beyond the point of evaluation.

NOTE 2 It should be remembered that voltage characteristics or contracted limits generally apply at the point of
connection. This should be taken into consideration in discussions between the parties.

6.2 Concept of emission level

The emission level from an installation into the power system is the magnitude of the
disturbing voltage (or current) vector which is caused by the considered installation at the
point of evaluation. In case of harmonics or unbalance, the general concept can be illustrated
in Figure 3 by the vector Uy and its contribution (together with the disturbance vector Uy,
caused by all other sources of disturbances when the installation under consideration is not
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connected to the system) to the measured disturbance vector Uy at the point of evaluation,
once the installation has been connected.
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IEC 2359/11
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Figure 3 — lllustration of the emission vector Ug; and its contribution
to the measured disturbance vector U, at the point of evaluation

> |Ugol), the emission level as defined above (i.e. |Uyl) needs to_be)less than
5sion limits assessed according to the relevant clauses in this report.

harmonics, the interaction between the supply system and customer’s installation m4g
e cases result in amplification or in reduction of the voltagedistortion level at a g
nonic order (i.e. due to the creation of a parallel or a series-resonance condition, or du
ncellation effect). An amplification is possible even where-the installation itself does
erate  harmonics of this order. As this report addréesses the EMC co-ording

al emission levels.

voltage unbalance, the interaction between the supply system and customer’s install
result in a reduction of the voltage unbalance (i.e. due to the balancing effect of rot
hines). This situation is taken into consideration in this definition of actual emis
Is. Conversely, connection of an installation to the supply system may in some c3
It in increased unbalance levels at the point of evaluation, where the installation itself
nced load (i.e. due to the effectiof un-transposed lines). In this case the contributio
nced loading to the levels of snbalance at the point of evaluation is considered as
alance emission level of the power system, and not as the emission of the installation.

flicker however, disturbances are almost always additive and no cancellation or redug
iIld be expected.

Operating conditions

recommended that the emission levels be assessed under normal operating conditi
ss othgrwise specified. The assessment of emission levels from disturbing installat
LId consider the worst normal operating conditions including contingencies for which
em or'the customer’s installation is designed to operate.
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Where significant, the following factors should also be taken into account.

¢ Non-ideal operating conditions and asymmetries that can be present in the supply system
and within the disturbing installation.

e Planned switching operations of the equipment such as filters and capacitor banks with
the variation of load.

Other detail on the assessment of the emission levels in the power supply of industrial plants
may be found in IEC/TR 61000-2-6. Simplified and advanced prediction methods
evaluating flicker severity indices are also given in [IEC/TR 61000-3-7.

for
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6.4 System impedance characteristics

Information on the supply system characteristics is a prerequisite both for the system operator
or owner for assessing emission limits and for the customer in order to assess his emission
levels.

At LV, it is customary to use the short-circuit power or the Thevenin’s impedance of the
supply system (excluding the contribution of motors or other equipment connected to it) at
fundamental frequency. As in 6.3, it is recommended to consider the worst normal operating
conditions including contingencies for which the system is designed to operate.

The| system characteristics may vary significantly with time. So when important changés|are
expected between the present and the future system configuration, a different set of\System
impgedance data should be provided in order for the customer to assess his emissiaon/levelg for
both situations and to achieve an optimal design of his equipment.

For|harmonics, the procedure given in this report does not take into account all casep of
resgnance at LV level. For cases where resonance might occur, more detailed assessmernt or
simplation would be needed. It is worthwhile noting that other customers facilities also affect
the |system impedance. Special attention must be paid to their capacitor banks, which [can
modify resonances or create additional ones (see Robert et al.).

For| flicker, it is recommended to use the short-circuit’{power, including power faltctor
information, or the Thevenin equivalent impedance of the supply system at the poinft of
evaluation.

For|[setting emission limits for unbalance at Stage 2, the LV system negative sequgnce
impgedance at the POE is assumed to be equal.to 'the positive sequence impedance obtained
from the short-circuit power at the POE. ;Three-phase motor loads in other customers'
installations on the LV network may affect{the actual negative sequence impedance seep at
the POE.

The| system operator or owner generally does not have complete information about exigting
cusfomers' facilities, so he can_only provide approximate information.

7 |General summation‘faw

7.1 General

The| co-ordination*of conducted disturbances requires the adoption of hypotheses relevant to
the summation_of the disturbances produced by various disturbing installations. In the case of
harmonic, ‘flicker or unbalance disturbances due to randomly disturbing loads, the aqgtual
glohal disturbance level at any point on a distribution system is the result of the vectorial
sunfmation of each individual source of disturbance.

On the basis of experience, a general summation law can be adopted for application at the

level of a supply system:
D= D¢
12m (3)

where

D is the magnitude of the resulting disturbance level for the considered aggregation of
sources;

D.

i is the magnitude of the disturbance level produced by one of the sources of disturbances

to be combined;
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o is an exponent which mainly depends upon 3 factors:

e the type of disturbance;

value;

e the degree to which individual disturbances vary randomly in terms of magnitude

NOT

phase.

the chosen value of the probability for the actual value not to exceed the calculated

and

E 1 This general summation law is a statistical approximation of the underlying vectorial summation for many
random sources. It is used specifically for the allocation of emission limits to installations in order to define a
reasonable increase in the disturbance level that may be allowed by the system operator or owner.
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In general, @yvalue of o = 3 (“cubic summation law”) has been largely used for years an

recq
to ju

F 2 It remains apparent that, when considering a specific source of disturbance, vectorial summation'm
ice result in a reduction of the level of disturbance, even though the general summation law can only“gi\
ase.

For harmonics

the purpose of this report, the set of exponents given in Table 3 can(bé adopted in
ence of further specific information.

Table 3 — Summation exponent for harmonics
(indicative values)

Harmonic order od

h<5 1
5<h<10 1,4
h>10 2

FE 1 When it is known that the harmonics are likely to be in phase (i.e. phase angle differences less than
an exponent o = 1 should be used for order §:and above.

F 2 Higher summation exponents can-be used for low order even harmonics that are less likely to

For flicker and rapid yoltage changes

summation law which best fits measurement results depends on both the degref
cidence in the veltage changes and the Py, percentile which is used for the evaluation
as on the equipment technologies involved in producing the voltage fluctuations.

mmended for Pg; (or P;) summation provided that additional information is not avail
stify.a different value as discussed in IEC/TR 61000-3-7.
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For rapid voltage changes, the coincidence of occurrence of several changes presents a very

low

7.4

probability. For this reason no summation law is needed.

For voltage unbalance

For voltage unbalance, on the basis of the information available to date, in the absence of
further specific information (see Notes 1 to 3 below) the exponent a can be adopted for

add

ing numerous randomly varying sources of unbalance.

Indicative value of exponent for the summation of general sources of unbalance:

a=1,4
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NOTE 1 The summation law is only intended to be used to assess the overall impact on the system of numerous
random or uncontrolled sources of unbalance, including the impact of numerous randomly connected single-phase
installations that more or less randomly fluctuate with time. When it is known that unbalances are likely to be in
phase and coincident in time, a summation exponent a closer to 1 should be used instead.

NOTE 2 In the case of a large single-phase installation where the optimum phase(s) to which to connect the
installation can be selected, the physical connection characteristics should be used to assess its impact on the
system instead of adjusting the coefficient of the general summation law.

NOTE 3 The indicative value for the summation exponent is not based on measurement results, but has been
proposed in IEC/TR 61000-3-13, based on a uniform distribution of random vectors with a random phase variation
of 360 degrees, and a magnitude range of 0,1 to 1 p.u. In the case of unbalance, the unbalance vectors are likely

to cluster in phase around 0 degrees, 60 degrees, 120 degrees etc, depending on the phases connected, i.e.
pha _fn_lnhnt:n Qr Inhn:n_’rn_nnufral and on the power factor of the unbalance sources

For| systems where large single-phase loads can be the dominant source of.'voliage
unbplance, the summation law should not be used to determine the total unbalance'ef thHese
loads. Indeed the specific characteristics of the connection scheme and the profile.of the load
variptions need to be considered.

8 |Harmonic emission limits for distorting installations in LV@&ystems

8.1 Stage 1: simplified evaluation of disturbance emission

For[small installations, such as residential houses for examplée, the system operator or owner
can|generally rely on harmonic emission limits for individual pieces of equipment to comply
with the planning levels. For instance, IEC 61000-3-2 andNEC 61000-3-12 are product family
standards that define harmonic emission limits for equipment connected to public LV systems.

An |installation may be connected to the supply system without further examination if all
piedes of equipment in the installation comply with the relevant emission limits definefl in
IEC|{61000-3-2 and IEC 61000-3-12, and if the following condition is fulfilled :

S; < Smin 4)

where

~

e B, is the agreed power of Customer's installation i;

e Bin is the minimumsvalue of the agreed power of LV installations to which the procedure
o define emission-limits developed in this report applies.

The|l minimum value”of the agreed power of the LV installations (S,,;,) for the applicatiop of
this| report istovbe specified by the system operator or owner depending on their system
characteristics:

NOTE Anworder to take into account the specificities of each type of disturbance, different minimum values of the
agregd\power (S_. ) may be specified for harmonics, voltage fluctuations and unbalance.

min

On the contrary, for larger installations (S; > S,;,) or if some pieces of equipment in the
installation do not comply with the relevant emission limits defined in IEC 61000-3-2 and
IEC 61000-3-12, more care has to be taken by the system operator or owner to make sure
that the planning levels are not exceeded.

In that case, the connection of a distorting installation can be accepted in stage 1 if the three
following conditions are fulfilled:

a) the customer does not use power factor correction capacitors and/or harmonic filters;

b) the following ratio is satisfied: SS_' <1% (5)

sC
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c) for each individual harmonic order, the harmonic current emission is smaller than
conservative limits defined by the network operator or owner according to the network

characteristics: Iy <E, (6)

where

S, is the agreed apparent power of customer's installation i;

S, is the short-circuit power at the point of evaluation;

° i is the harmaonic current of order h caused hy the die’rnrfing installation i;

e | is the r.m.s. current (fundamental frequency) corresponding to the agreed pewef of
customer's installation i ( S; / UyV3, where Uy is the nominal phase-to-phaseJoltage of
he LV system);

e F, is the harmonic current emission limit of order h defined by the network operatqgr or
bwner from conservative network characteristics for the assessment-of-installations at

stage 1.
8.2 Stage 2: emission limits relative to actual system charactefistics
8.2 General

Considering the actual absorption capacity of the system, due to the transfer factor between
the lupstream MV system and the considered LV systemx and the phase differences of|the
harmonic currents as well as the system impedance and’future load, higher emissions than
thoge according to stage 1 criteria may be granted.

In drder to define harmonic current emission limits at stage 2 for the installations covered in
this| report (called "large installations" below,), it is necessary to consider that most of|the
installations connected to LV public systems:are small installations for which only equipment
stanjdards apply (called "small installations" below). Moreover, the proportion of small |and
large installations (in terms of power) ds“generally not known in advance and highly depgnds
on the LV system considered.

Thus, the method proposed. in;this report for large LV installations takes into account|the
currlent emission from indjvidual pieces of equipment. It is assumed here that the curfent
limits for equipment have been defined in such a way that, if the LV system is utilized af its
full [designed capacity..by such equipment, the overall levels of voltage disturbance will[ not
exceed the planning(levels. Given these, the procedure to set current emission limits for large
LV installations in stage 2 is as follows:

e the allowabte global contribution of all large and small installations connected to a g|ven
|V system to the overall level of voltage disturbance in this LV system is first determined;

e then, the contribution from an individual large LV installation is established in such a way
hat.the overall level of voltage disturbance in the LV system is lower than or equal to| the
evel obtained when this targe instaltation is replaced by a group of small instaitations
having the same total power.

This allows that the disturbance level due to the emissions of all harmonic sources connected
to the system will not exceed the planning level.

8.2.2 Global emission to be shared between the customers

The aim is to set harmonic current emission limits for large LV installations (see Clause 1). As
a first step, it is necessary to determine the acceptable global contribution to voltage
distortion caused by the LV system under consideration.

Firstly, an application of the general summation law (Equation 3) is necessary to determine
the maximum acceptable global contribution of all harmonic sources present in a particular LV
system. Indeed, for each harmonic order, the actual harmonic voltage in an LV system results
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from the vectorial combination of the harmonic voltage propagating from the MV upstream
system and of the harmonic voltage resulting from all distorting sources connected to the
considered LV system. This total harmonic voltage should not exceed the planning level of the
LV system. Thus the global level of harmonic voltage that can be allocated to all the
installations connected to the considered LV system is given by (for more information, see
Clause C.3):

GhLV = 0\l/l-(:tﬂ_v - (ThML ‘LhMV )a (7)

where

- By is the maximum acceptable global contribution to the ht" harmonic voltage anywlere
n the LV system due to all LV installations that can be supplied from the considered
system (expressed in percent of the fundamental voltage);

- |Ly is the planning level of the hth harmonic in the LV system;
- Lymy is the planning level of the ht" harmonic in the upstream MV systemy;

— ['wmL is the transfer coefficient of harmonic voltage distortion frem the upstream MV
system to the LV system under consideration at harmonic order-h (if necessary, it could be
Hetermined by simulation or measurements);

- is the summation law exponent (Table 3).

NOTE For simplicity, the transfer factor used in this equation is considered as a single value at each harnponic
ordef.

For|a simplified evaluation, the transfer coefficients’ Ty, from the MV system on an| LV
sysfem can be taken as equal to 1. In practice, however, it may be less than 1 for high
harmonic orders, due to the damping effect ofd:V/'loads, or higher than 1 (typically betwegn 1
and|3) in low load condition, if resonance exists. It is the responsibility of the system opergtor
or owner to determine the relevant values‘depending on the system characteristics.

8.2.3 Individual emission limits

Consider a typical LV system_ as“illustrated on Figure 4. An MV/LV transformer suppligs n
feeders through an LV busbar. The aim is to define the emission limits for customer's
installation i connected to dne of the feeders.

LV
5 Feeder n
hFn
Y, Y
Feeder 2
Zng Unrz
—_—> Zhi
Feeder 1
UhF1
UhB

Si Customer i
IEC 2360/11

Figure 4 — Simplified scheme of an LV public system for harmonics

The proposed method to define harmonic emission limits for the large installations connected
to LV public systems is described in detail in Annex C. From Figure 4, it can be shown that
the considered installation (i) directly impacts the harmonic voltage on feeder 1 and also on
the other feeders through the harmonic voltage it causes at the LV busbar. Thus, both of the
following conditions need to be satisfied.
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The global contribution of the LV distorting installations to the harmonic voltage anywhere
in the LV system is to be limited to the acceptable global contribution given by G, .

The global contribution of the LV distorting installations to the harmonic voltage at the LV
busbar is to be limited to a portion of the acceptable global contribution G5, which relates
to G,y as follows:

GhB = KhB 'Ghl_v (8)

where

5,5 is the acceptable global contribution to the hth harmonic voltage at the substatier] LV
busbar due to all LV installations that can be supplied from the considered\ system
expressed in percent of the fundamental voltage);

Kpg is the reduction factor at harmonic order h, which corresponds to the ratio of|the
harmonic voltage level at the LV busbar due to all the installations connected to|the
considered LV system to the maximum value of the harmonic voltagey level on thel LV
system due to these installations (this maximum level is generally reaehed at the far [end
bf one of the feeders). This reduction factor does not depend on harmonic emission leyels,
but only on the structure of the LV system (number and length-of the feeders, distribdtion
bf customers' installations, etc) and the exponent o uséd" for the summation |aw.
nformation on the determination of K,z as a function of the characteristics of the| LV
system is given in Annex D, as well as a simplified table‘giving a few typical values of [K;g
or LV systems.

In other respects, the emission limits for equipment fsée IEC 61000-3-2 and IEC 61000-3}12)

are
the
this

defined as current limits independently of the{(point where the customer is connectefl to
LV network. Thus, harmonic current emissions from small LV installations not subjegt to
report only depend on the total power of those installations. To keep in line with the same

appfoach, emission limits for larger LV _installations will also be expressed in terms of
harmonic current while considering their impact in terms of the highest harmonic voltage {hey

mig

(t cause anywhere in the LV system:

NOTE 1 Although the approach proposed-hereafter for LV installations is based on emission limits being defined
in tefms of current instead of voltage, it remains consistent with the basic concepts given in IEC/TR 61000-316 as

thes

Giv

large LV installation (i) expressed in terms of current is given by:

where

e current emission limits are based'on the effect that they will have on the voltage.

n the above considerations and those in Annex C, the harmonic emission limits for a

2
E, = ﬁ-GhLV a/i -min (Kﬂ ; ij 9)
Si St ZhB Zhi

Eni is the harmonic current emission limit of order h for the installation (i) connected at LV
(%: expressed in percent of the installation current corresponding to its agreed power, S;/
UnY3);

Uy is the nominal phase-to-phase voltage of the LV system (V);

GyLy is the maximum acceptable global contribution to the hth harmonic voltage anywhere
in the LV system due to all LV installations that can be supplied from the considered
system (%: expressed in percent of the fundamental voltage);

S, is the agreed apparent power of customer's installation (i) (VA);

S; is the total supply capacity of the considered LV system including provision for future
load growth. S; might also include the contribution from dispersed generation (VA);

NOTE 2 In selecting S,, the system operator or owner should consider the potential amount of dispersed
generation that may be connected to the network. For example, if a 50 % penetration of dispersed generation is
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expected in relation to the load power (i.e. the rated power of the MV/LV transformer), S, should be 1,5 times the
rated power of the MV/LV transformer. It should be noted that, in the case of LV networks, 100 % penetration is in
practice the maximum penetration given the large variations in loads in a day.

e o is the summation law exponent (Table 3);

e min (X, y) represents the minimum value of x and y;

NOTE 3 The minimum value should be taken in order to meet both conditions listed in the beginning of this
clause. The first term K, ;/Z, o is related to the condition on the harmonic voltage at the LV busbar. The second
term 1/Z, is related to the condition on the harmonic voltage anywhere in the LV system. Also see C.4 and C.8.

e Kp is the reduction factor at harmonic order h, as defined in Equation (8);

-2 H ) U | ) I} H H ! il & ) L\ L 1 P I} b
L] ~hB 15 UTT TIMTUUUTUS UT T TIdaTrTimormoe mimpTudaririve UT 1T SyoslTIilh al 1T LV osuuslaliull UUy ar

Q);

e Y, is the modulus of the harmonic impedance of the system at the point of evaluatiop of
he installation (i) (Q).

It may happen at some locations that the pre-existing level of harmonic voltages is higher
than the normal share for the existing installations. In this case, the emission limits for [any
new installations can be reduced, a reconsideration of the allocation_ofythe planning leyels
between the different voltage levels could be considered, or the system harmonic absorption
capfcity could be increased.

NOTE 4 The evaluation can be made at the PCC or at the POC. However\it should be noted that there might be
an irlcrease of the harmonic level between PCC and POC, especially if there is a dedicated feeder for some |arge
instdllations. In that case, compatibility will be achieved on the supply*system, but might not be in the customer’s
instdllation. It should also be remembered that as voltage characteristics or contracted limits apply at the point of
connection, these effects should be taken into consideration in disCdssions between the parties.

The| harmonic emission limits given by (9) depend<on the reduction factors K;g. In somg LV
sysfems, typical values of K,z may lead to too“relaxed harmonic limits. In these cases,|the
valyes of K,g should be determined on the basis of the actual characteristics of thel LV
sysfem. Annex D discusses a method for estimating K, .

The| above approach does not take int® account resonance at the LV level. For cases where
resgnance might occur, advanced methods possibly combining simulations would be needed
for ¢onsideration in stage 3.

8.2.4 Alternative methods for stage 2

A large variety of LVasystems exists worldwide, so the simplified method given above for
stage 2 might be too\.conservative in some cases. In a given region or country, the types of LV
sysfems are generally far less various. Therefore, it is recognized that other methods| for
allogating stagée:2'limits might be in use in some regions or countries worldwide, and tHose
methods may.be more adapted to specific LV systems characteristics.

8.3 | _Stage 3: acceptance of higher emission levels on a conditional basis

Thegeneratconsiderations presented i 4.3 apply to stage 3 for harmonics.
A general method which can apply to stage 3 is also described in Annex E.

8.4 Emission limits for interharmonics

With respect to the effects listed in 4.2.3, a conservative planning level for interharmonics can
be set to 0,2 %.

NOTE Experience shows that higher planning levels may be accepted in some cases, for example when there is
no ripple control system.
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Interharmonic voltages can be added arithmetically only if frequencies and phases are equal.
These conditions are met infrequently and for short periods of time. For that reason, in
practice, not more than double the value of the highest interharmonic voltage can arise.

If the interharmonic voltage from a large LV installation is below 0,1 %, no disturbance will be
considered.

If higher values are permitted, the interharmonic frequencies should not exceed the flicker
criteria, and should not exist in an area where ripple control frequencies (and their side-band
frequencies with a distance of twice the fundamental; see 4.2.3) are used.

9 |Voltage fluctuation emission limits for installations in LV systems

9.1 Stage 1: simplified evaluation of disturbance emission

For|small installations, such as for example residential dwellings, the system operator or
owner can generally rely on voltage fluctuation emission limits for~individual pieceg of
equjpment to comply with the planning levels. For instance)\*lEC 61000-3-3 [and
IEC[61000-3-11 are product family standards that define voltage fluctbyation emission limitg for
equjpment connected to public LV systems.

The| installation may be connected to the supply system. Wwithout further examination if all
pieges of equipment in the installation comply with the ‘relevant emission limits definef in
IEC|61000-3-3 and IEC 61000-3-11, and if the following cendition is fulfilled:

S, < Sy 10)

mm

where

~

e B, is the agreed power of customers;installation i;

e By is the minimum value of the agreed power of LV installations to which the procedure
o define emission limits developed in this report applies.

Thel minimum value of agreed power (S,,;,) for the application of this report is to be specified
by the system operator or.owner depending on their system characteristics.

NOTE 1 In order to take,into account the specificities of each type of disturbance, different minimum values df the

agrepd power (S, ) maybe specified for harmonics, voltage fluctuations and unbalance.

On the contrarpy, for larger installations (S; > S,;;;;), more care has to be taken by the system
operator or‘owner to make sure that planning levels are not exceeded.

In that/case, the connection of a fluctuating installation can be accepted in stage 1 without

furthar analucic if hath fallawina ceanditinne ara fulfillad-
fer—ahatyStsHPB e orow i g—6oRaoRSare—+ure o

a) all pieces of equipment in the installation comply with the relevant emission limits defined
in [IEC 61000-3-3 and IEC 61000-3-11;

b) the percentages of apparent power variations AS with respect to the system short-circuit
power Sgc are within the limits given in Table 4 at the POE. These limits depend on the
number r of voltage changes per minute (a voltage drop followed by a recovery means two
voltage changes).
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Table 4 — Stage 1 limits for the relative power variations
as a function of the number of voltage changes per minute

T K=(AS/S,) ax %
min
r> 200 0,1

10 < r < 200 0,2
r<10 0,4

TR 61000-3-14 © IEC:2011(E)

NOTE 2 The apparent power variations AS may be lower, equal or higher than the agreed power S, of the
considered installation (e.g. for a motor within_the installation, account should be taken of its apparent power at
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Stage 2: emission limits relative to actual system characteristics

1 General

sidering the actual absorption capacity of the system, higher emissions:than those bg
he stage 1 criteria may be granted.

his stage, the allowable global contribution to the overall level
prtioned to each individual installation in accordance with its“'share of the total capacit
supply system (S;) to which this installation is connected” This should generally ens
the disturbance level due to the emissions of all customers” installations connected to
em will not exceed the planning level.

E  The limits defined in product family standards IEC 6100@-3+3 and IEC 61000-3-11 aim to limit the Pst t
a system impedance equal to the reference impedanc€e or the maximum permissible system imped
red by the manufacturer. In general, the pieces of equipment are connected at locations with lower valu
ystem impedance, so that the planning levels are¢not'exceeded. However, when one or several piecq
ment complying with IEC 61000-3-11 are present.in‘the neighbourhood, it may happen that the pre-exi
r level is higher than the normal share for existing installations. In this case, the emission limits for
Ilations could be reduced or the system flicker absorption capacity could be increased.

2 Global emission to be shared between the customers' installations

aim is to set emission limits-at LV. As a first step, it is necessary to determine
sty OF GpyyLy)-

tly an application of-the general summation law (Equation 3) is necessary to determine
bptable global contribution of all flicker sources present in a particular LV system. Indg¢
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(11)

(12)

GpgiLy is the maximum acceptable global contribution to the flicker level anywhere in the

LV system due to all LV installations that can be supplied from the considered system
(expressed in terms of Pg; or P);

LpsiLy is the planning level for flicker (indices Pg; or Py;) in the LV system;
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e Lpgy is the planning level for flicker (indices Pg; or Py) in the upstream MV system;

o TpgmL is the transfer coefficient of flicker (indices Pg; or Py;) from the upstream MV system
to the LV system (this coefficient is generally very close to unity, see IEC/TR 61000-3-7);

e o is the summation law exponent (recall that a value a=3 is generally used).
9.2.3 Individual emission limits

For each customer's installation, only a fraction of the global emission limits Gpgy v and Gpy vy
will be allowed. A reasonable approach is to take the ratio between the agreed power S; and
the total supply capability S, of the LV system. Such a criterion is related to the fact that the
agr ent
cosis of the power system.

Using the recommended summation law (Equation 3), the individual emission limits-(Epg;; [and
Epy|) are then given by (13) and (14) where o = 3 is generally used:

S.

EPsti = GPstLV '%S_I 13)
t
s

EPIti = GPItLV .QS_I 14)
t

* FEpst is the allowed flicker emission limit (indices Pg; or P};) for the customer's installatjon i
Hirectly supplied at LV;

where

e pgiy is the maximum acceptable global contribution to the flicker level anywhere in|the
|V system due to all LV installations that can be supplied from the considered system
expressed in terms of Pg; or P};);

~

e B, is the agreed apparent power‘of customer's installation i (VA);

e B, is the total supply capdgcity of the considered LV system including provision for future
oad growth. S; might also include the contribution from dispersed generation (VA).

NOTE 1 In selecting S,, ‘the* system operator or owner should consider the potential amount of dispgrsed
gengration that may be_Connected to the network. For example, if a 50 % penetration of dispersed generatipn is
expected in relation to(the load power (i.e. the rated power of the MV/LV transformer), S, should be 1,5 times the
rated power of the MV/LV transformer. It should be noted that, in the case of LV networks, 100 % penetration|is in
pracfice the maximum penetration given the large variations in loads in a day.

For| customers having a low agreed power, this approach may yield impractically
limifations.* Emission limits shall then be set at values given in Table 5.

ow

Table 5 — Minimum emission limits at LV

Epsii Epui
0,30 0,25

It may happen at some locations that the pre-existing flicker level is higher than the normal
share for existing installations. In particular, this may occur when one or several pieces of
equipment complying with IEC 61000-3-11 are present in the neighbourhood. In this case, the
emission limits for new installations could be reduced or the system flicker absorption
capacity could be increased.

NOTE 2 For voltage fluctuations, reduction factors are not necessary because emission limits are defined in terms
of voltage disturbance for large installations and for pieces of equipment. However, based on practical assumptions
made long ago, the present limits for equipment given in IEC 61000-3-3 and IEC 61000-3-11 may lead to the
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compatibility level to be exceeded, because the contribution of each piece of equipment to the Pst level is limited
to 1,0.

9.3 Stage 3: acceptance of higher emission levels on a conditional basis

The general considerations presented in 4.3 apply to stage 3 for voltage fluctuations.

9.4 Rapid voltage changes
9.4.1 General considerations

The
due| to fluctuating installations. However, system operators or owners have to maintain|the
voltage magnitude within narrow limits and individual customers' installations sheuld|not
produce significant voltage variations even if they are tolerable from the flicker pointof vjew.
In fhe context of this report, rapid voltage changes are considered to be\change$ in
fundamental frequency r.m.s. voltages over several cycles.

ZL
Uo
o] Load %) I*ZL
~ I
IEC 2361/11
IEC 2362/11
Figure 5a — Equivalent circuit Figure 5b — Vector diagram

Figure 5 — Equivalent circuit and vector diagram for simple assessments
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Figure 6 — Example of rapid voltage change associated with motor starting

A simple assessment of the relative voltage change may be done as follows (see Figure 5 and
Figure 6).

=1, -, (15)

Z =R +jX, (16)
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For single-phase and symmetrical three-phase installations:
AU~ Al -R| +Alg - X (17)

9.4.2 Emission limits

The coordination approach recommended in this report relies on individual emission levels
being derived from the planning levels so that overall EMC is maintained. Because the
indicative planning levels are defined in terms of numbers of occurrences of a specific rapid
voltage change permitted during a specific interval, emission limits for individual installations
mugt be defined by the system operator or owner on a case by case basis taking into aecpunt
the |particular operation and impact of each installation that may cause rapid voltage-charlges
in the system of interest. The combined effect of all installations should not resalt-in rapid
voltage changes exceeding the planning levels set by the system operator or owner.

10 [Unbalance emission limits for unbalanced installations in LV.systems

10.1 General

The| emission limits defined in this clause only apply to three-phase installations. As|the
sys:lem operator or owner is responsible for the connection 'of) all installations to LV pyblic
sysfems, it is his responsibility to manage with unbaldnte produced by single-pHase
installations.

NOTE The coordination approach given in this clause mightyalso be used by the system operator or owngr to
mangge the connection of single-phase installations to the LV power system.

10.2 Stage 1: simplified evaluation of disturbance emission
In stage 1, the connection of small customers' installations or customers' installations with

only a limited amount of unbalanced;lead can be accepted without detailed evaluation of| the
emission characteristics or the supply'system response.

The| installation may be connécted to the supply system without further examination if|the
follgwing condition is fulfilled;

S <S 18)

where

e B, is thesagreed power of customer's installation i;

* B4 S the minimum value of the agreed power of LV installations to which the procedure

o define emission limits Hn\/nlnpnd inthis rnpnri npplinc

The minimum value of agreed power (S,;,) for the application of this report is to be specified
by the system operator or owner depending on their system characteristics.

NOTE In order to take into account the specificities of each type of disturbance, different minimum values of the

agreed power (S, ) may be specified for harmonics, voltage fluctuations and unbalance.

For larger installations (S; > S,,;,), the connection of an unbalanced installation can be
accepted in stage 1 without further examination if the following criterion is fulfilled:

:_ <0,2% (19)

sC
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where

e S, is the single phase power equivalent of the load unbalance of installation i;

e S, is the short-circuit power at the point of evaluation.
10.3 Stage 2: emission limits relative to actual system characteristics
10.3.1 General

Considering the actual absorption capacity of the system, due to the simultaneity factor and
phase differences of the unbalanced currents as well as the system impedance and future
load, higher emission limits than those according to stage 1 may be granted.

Mosgt of the installations connected to LV public systems are small installations which are[ not
subject to the application of the emission limits defined in this report. Moreover, the propoition
of the installations subject to the application of this report is generally not knowh in advgnce
and|highly depends on the LV system considered. To define the unbalance-emission limitg for
installations subject to stage 2 (called "large installations" below), it is thdsnecessary to {ake
into| account the unbalance emissions produced by all other unbalange\sources in LV pyblic
sysfems. It is supposed here that, if the LV system is utilized at its full designed capacity by
installations not subject to the application of this report (called "sm@al-installations" below),| the
overall level of unbalance will not exceed the planning level. Given these, the procedurg to
set emission limits for large LV installations at stage 2 is as follows:

e the allowable global contribution of all large and small\installations connected to a gfven
|V system to the overall level of unbalance in this KV system is first determined;

e then, the contribution from an individual large KV installation is established in such a way
hat the overall level of unbalance in the L\A system is lower than or equal to the [one
bbtained when this large installation is replaced by a group of small installations haying
he same total power.

This allows that the disturbance levelh due to the emissions of all unbalance souilces
conpected to the system will not exceed’'the planning level.

10.3.2 Global emission to be shared between the sources of unbalance

Thelaim is to set unbalancé emission limits for large LV installations (see Clause 1). As a f[first
step, it is necessary to determine the acceptable global contribution to voltage unbalgnce
cauged by the LV system*under consideration.

Firstly an application of the summation law (Equation 3) is necessary to determine|the
ma)imum acceptable global contribution of all unbalance sources present in a particulag LV
sysiem. Indeed; the actual voltage unbalance in an LV system results from the vectorial
comlbination-of the voltage unbalance coming from the MV upstream system and of|the
voltage Unbalance resulting from all unbalanced installations connected to the considered LV
ey, This total voltage unbalance should not exceed the planning level of the LV systf

connected to the considered LV system is given by:

Guy = (\X/L%LV _(TuML ‘Lumv )a (20)

where

e G,y is the maximum acceptable global contribution to the voltage unbalance anywhere in
the LV system due to all LV installations that can be supplied from the considered system
(expressed in terms of the voltage unbalance factor u);

e L, is the planning level for voltage unbalance in the LV system;

e L,uv is the planning level for voltage unbalance in the upstream MV system;
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e T,mL is the transfer coefficient of voltage unbalance from the upstream MV system to the
LV system under consideration (if necessary, it could be determined by simulation or
measurements);

e ais the summation law exponent (see 7.4).

NOTE The voltage unbalance resulting from LV line impedance asymmetries is generally negligible compared to
the voltage unbalance due to LV unbalanced loads. For simplicity, line impedance asymmetries are not considered
at LV in the rest of this report. In some cases however the voltage unbalance due to LV lines might not be
negligible (e.g. open-wire overhead LV lines carrying high currents for one hundred meters or more).

sysfem. It is the responsibility of the system operator or owner to determine the~releyant
valyes depending on the system characteristics. (Guidelines for determining’ [I . |are
proyided in IEC/TR 61000-3-13, Annex A.).

10.3.3 Individual emission limits

Consider a typical LV system as illustrated on Figure 7. An MV/LV ftransformer suppligs n
feeders through an LV busbar. The aim is to define the emission limit for customer's
installation i connected to one of the feeders.

LV
Feeder n
Uz
MV N n
Feeder 2
Zp Uzr2
_— ZZi
Feeder 1
U2F1
Uz

Si Customer i IEC 2364/11

Figure 7 — Simplified scheme of an LV public system for unbalance

Single-phase installatiens produce unbalance currents proportional to their agreed poyer.
Simjlarly, small three-phase LV installations not subject to the application of this report|can
produce unbalance_currents that only depend on their agreed power. Consequently, these
installations produce unbalance in terms of currents irrespective of their point of connectign in
the LV system{ To take this into account, emission limits for larger LV installations will als¢ be
expfessediin-terms of current unbalance while considering their impact in terms of the highest
voltage @nbalance they might cause anywhere in the LV system.

fined
in terms of current instead of voltage, it remains consistent with the basic concepts given in IEC/TR 61000-3-13 as
these current emission limits are based on the effect that they will have on the voltage.

The proposed method to define unbalance emission limits for the large installations connected
to LV public systems is similar to that for harmonics (see 8.2.3). From Figure 7, it can be
shown that the considered installation (i) directly impacts the voltage unbalance on feeder 1
and also on the other feeders through the voltage unbalance it causes at the LV busbar.
Thus, both of the following conditions need to be satisfied.

e The global contribution of the LV unbalanced installations to the voltage unbalance
anywhere in the LV system is to be limited to the acceptable global contribution given by

GyLv-
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e The global contribution of the LV unbalanced installations to the voltage unbalance at the
LV busbar is to be limited to a portion of the acceptable global contribution G g, which
relates to G\, as follows:

GuB = KuB : Gu|_v (21)

where

e G, is the acceptable global contribution to the voltage unbalance at the substation LV
busbar due to all LV installations that can be supplied from the considered system
expressed In terms of the voltage unbalance factor u);

e K,g is the reduction factor for voltage unbalance, which corresponds to the ratio “of|the
evel of voltage unbalance at the LV busbar due to all the installations connected to| the
considered LV system to the maximum level of voltage unbalance on the LV system due to
hese installations (this maximum level is generally reached at the far end of one of|the
eeders). This reduction factor does not depend on unbalance emission-levels, but only on
he structure of the LV system (number and length of the feeders, distribution of
customers' installations, etc) and the exponent o used for the summation law. Informdtion
bn the determination of K g as a function of the characteristics of‘the LV system is g|ven
n Annex D, as well as a typical value of K g for LV systems.

Given the above considerations, the unbalance emission limjts/for a large LV installation (i)
expfessed in terms of current is given by

2
E, = V.G, -y -min(K“B Zi] 22)

where

e F» ; is the current unbalance emission limit for the installation (i) connected at| LV
%:\/expressed in percent of the installation current corresponding to its agreed power,|S; /
U V3);

e Dy is the nominal phase-to-phase voltage of the LV system (V);

e {5, v is the maximum aceeptable global contribution to the voltage unbalance anywhere in
he LV system due_to_all LV installations that can be supplied from the considered system
expressed in terms of the voltage unbalance factor u);

~

e B, is the agregd-apparent power of customer's installation (i) (VA);

e B, is the total supply capacity of the considered LV system including provision for future
oad growth. S; might also include the contribution from dispersed generation (VA);

NOTE 2- \nJ selecting S,, the system operator or owner should consider the potential amount of dispgrsed

gengration that may be connected to the network. For example, if a 50 % penetration of dispersed generatlnn is
eXp fn,l |v\ .—nlnt a h\ Hr\ |r\ﬂrl pr\\llnr ( Hr\n v'n"nl\' 5O { Hnn I\II\III \I h-—.nnF nnnnn \ Q chaould |n 1 l: + e the

S PO SR STHoHR SHOHEG

rated power of the MV/LV transformer. It should be noted that, in the case of LV networks 100 % penetratlon is in
practice the maximum penetration given the large variations in loads in a day.

e o is the summation law exponent (7.4);

e min (X, y) represents the minimum value of x and y;

NOTE 3 The minimum value should be taken in order to meet both conditions listed in the beginning of this
clause. The first term K g/Z; is related to the condition on the voltage unbalance at the LV busbar. The second
term 1/Z; is related to the condition on the voltage unbalance anywhere in the LV system.

e Kp is the reduction factor for voltage unbalance, as defined in Equation (21);

e Zg is the modulus of the short-circuit impedance of the system at the LV substation busbar
(Q);
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e Z; is the modulus of the short-circuit impedance of the system at the point of evaluation of
installation (i) (Q).

It may happen at some locations that the pre-existing level of voltage unbalance is higher
than the normal share for the existing customers' installations. In this case, the emission
limits for any new installations can be reduced, a reconsideration of the allocation of the
planning levels between the different voltage levels could be considered or the system
unbalance absorption capacity could be increased.

The unbalance emission limit given by Equation (22) depends on the reduction factor K g. In
some LV systems, the typical value of K o may lead to too high unbalance limits. In these
casgs, the value of K g should be determined on the basis of the actual characteristics rof| the
LV system. Annex D discusses a method for estimating this reduction factor.

10.4 Stage 3: acceptance of higher emission levels on a conditional basis

The| general considerations presented in 4.3 apply to stage 3 for unbalance;

11 [Summary diagrams of the evaluation procedure

An pverview of the evaluation procedure presented in this report is given in Figure § for
harmonics, in Figure 9 for voltage fluctuations and in Figure~10 for unbalance. For volfjage
fluctuations, the evaluation procedure is equally applicable to Py and Py;.
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SYSTEM OPERATOR OR OWNER CUSTOMER
Specify the minimum value Spin, Agreed power S;
determine the planning levels Limv and LiLv equipment compliance

and define the system characteristics

y
STAGE 1 - -
All pieces of equipment
in the installation comply with
IEC 61000-3-2 or IEC 61000-3-12

T
YES

YES Si < Shin

| |

No PFC capacitor or harmionic filter
YES
and g /S (2%
and WA = Ey,

STAGE 2

NO

Assess acceptable global
> contribution to the

considered system GnLv
and reduction factor Kxg

v y

Determine emission limit for Assess emission level of
installation i, Ej; installation i, Ini

v

Provide relevant system A 4
characteristics to enable <
assessment of emission levels YES Ihi < Elhi
T
Nf
:}Acceptance < Take additional corrective
measures to reduce

emission levels

A 4

YES i < Ep

e O el T,

STAGE.3 NO

Conduct detailed system studies
» to determine < Apply for stage 3 assessment

stage 3 limits and conditions

Ly

Assess emission level and take
additional measures to reduce
emissions as needed

A 4

[ Conditional acceptance }: YES |hi < Elhi NO

IEC 2365/11

Figure 8 — Diagram of evaluation procedure for harmonics
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SYSTEM OPERATOR OR OWNER CUSTOMER
Specify the minimum value Smin, Agreed power S;
determine the planning levels Lpst and fluctuation rate r
define the relevant system characteristics equipment compliance
STAGE 1 A
All pieces of equipment
in the installation comply with
IEC 61000-3-3 or IEC 61000-3-11
T
, YES
v NO
YES Si < Smin
T
NO
| i
vES AS, /S, < K%
(K depends on rate. 1)
STAGE 2
NO
Assess acceptable global
> contribution to the
considered system Gpst
! v
Determine emission limit for Assess emission level of
installation i, Epsti A installation i, Pgy
Provide relevant system
characteristics to enable v
assessment of emission levels
YES
Psti < EPstl
T
Nf
Take additional corrective
_ measures to reduce
emission levels
A 4
YES
Psti < EPsti
STAGE 3 NO

Conduct detailed system studies

» to determine <
stage 3 limits and conditions

Apply for stage 3 assessment

||

e

v Vv

Assess emission level and take
additional measures to reduce
emissions as needed

A\ 4

[ Conditional acceptance N

YES

N
Py < Epg °

sti
IEC 2366/11

Figure 9 — Diagram of evaluation procedure for voltage fluctuations
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SYSTEM OPERATOR OR OWNER CUSTOMER

Specify the minimum value Smin,
determine the planning levels L, and

Agreed Power S;

define the relevant system characteristics

STAGE 1

YES Si < Sin
T
(Fecepiaree Jo—— T
YES S,/8. < 02%

STAGE 2

Assess acceptable global

> contribution to the
considered system Gy
and reduction factor Kys

v J

Determine emission limit for - o\ Assess emission level of
installation i, Ej2; 3 installation i, iz

v

Provide relevant system
characteristics to enable
assessment of emission levels

YES i < Ep,

! Take additional corrective
measures to reduce

emission levels

A 4

YES i2i < EIZi

e A e L STE

STAGE 3 NO

Conduct“detailed system studies l

» to determine < Apply for stage 3 assessment
stage 3 limits and conditions

Ly

Assess emission level and take

additional measures 1o reduce
emissions as needed

A 4

[ Conditional acceptance }: YES iy, < Ep; NO

IEC 2367/11

Figure 10 — Diagram of evaluation procedure for unbalance
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Annex A
(informative)

Example of application of the general method
for the derivation of limits for a specific type of LV networks

A.1  Overview

The|general method described in this report can be applied in two steps:

a) [the calculation of global parameters related to a type of LV network;
b) |the calculation of individual parameters and emission limits for a given installation.

The| first step should be done by a technical expert in a distribution network utility ¢r a
regylatory body. The second step should be done by a local operator)of the distribution
network, possibly with the help of calculation tools designed by a technical expert.

Thig annex gives a practical example of technical application forhe first step. An example of
application for the second step is described in Annex B.

A.2| Determination of S,
Thig report only applies to large installations exceeding a minimum size. This minimum gize
(Sinln) is to be specified by the system operator ar:owner depending on

e the total number of the installations exceéding S iy,

e the potential impact of an installation with an agreed power equal to S, on|the
Histribution system.

On the one hand, the total numberof the installations of which the agreed power exceetﬂs a
givgn value S dramatically de¢reases when S increases. In order to limit the number of
installations to assess, it is.insthe interest of the system operator or owner to choose a value
of S, @s high as possible:

On [the other hand,(for installations with an agreed power less than S, only equipment
starjdards apply. The limits specified in these standards have been determined based on
assyimptions ofithe number, type and usage of equipment producing disturbances in a small
installation cénnected to a supply system and based on the reference impedance givep in
IEC|60725.considered to be representative of the source impedance for small residential
installations. The assumptions may not apply to larger LV installations. In particular, there
may be higher concentrations of disturbing equipment in that case. Thus the system operptor
or dwher should assess the potential impact of such installations on the distribution system
and determine a value of S, so that installations with an agreed power less than this value
do not produce unacceptable disturbance levels. The value of S.;,, depends on the
characteristics of the distribution system, in particular its impedances.

So, the choice of the value of S, is a compromise between both requirements: to limit the
number of installations of which the emissions should be assessed, to keep acceptable levels
for disturbance emissions from LV installations.

A value of S;,, between 30 kVA and 100 kVA should suit for most types of networks.

NOTE If the value chosen for S_, is high, a low number of large installations may be addressed by stage 1. In
that case, the network operator or owner may choose to directly assess all installations at stage 2.


https://iecnorm.com/api/?name=5d7dc312f855068d474efddf2af4bf19

- 48 - TR 61000-3-14 © IEC:2011(E)

A.3 Global emission to be shared between the customers

A.3.1 Harmonics

The maximum global contribution to the h™ harmonic voltage that can be shared among all LV
installations, G, y, is determined using Equation (7):

Assuming that

the
ord

A.3

Thel maximuny. global contribution to the short-term or long-term flicker level that can

sha

ass

GhLV = O\L/I—Or:Lv - (ThML ’ Lth )OL

he harmonic voltage planning levels for LV, specified by the system operator or ow
bre equal to the compatibility levels given in Table 1,

he harmonic voltage planning levels for MV, specified by the system operator or ow
re equal to the values given in IEC/TR 61000-3-6, Table 2,

he harmonic voltage transfer coefficients from MV to LV are equal to-?,

he summation law exponent is given in Table 3,

values of the maximum acceptable global contribution Ggy for the lower odd harm
¢rs are given in the Table A.1.

Table A.1- Example of maximum-acceptable global
contribution to harmonic'voltages

h Loy Lhmv Thme a GpLv
% % %
3 5 4 1 1 1,0
5 6 5 1 1,4 2.1
7 5 4 1 1,4 2,0
9 1,5 1,2 1 1,4 0,6
11 3,5 3 1 2 1,8
13 3 2,5 1 2 1,7

2 Voltage fluctuations

red among all LV installations, Gpgy y or Gpyy v, is determined using Equation (11) or (

[
G —a| = — T N
PstLV '\/LPstLV IF'stML I—PstMV

— a _ a N
GPItLV _#LPHLV TPItML I‘PIlMV

uming that

ner,

ner,

bnic

2):

the flicker planning levels for LV, specified by the system operator or owner, are equal to

the compatibility levels given in Table 2,

the flicker planning levels for MV, specified by the system operator or owner, are equal to

the values given in IEC/TR 61000-3-7, Table 2,

the flicker transfer coefficients from MV to LV are equal to 1,
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e the summation law exponent is equal to 3,

the values of the maximum acceptable global contribution to the flicker level are found as:

Gpauv = %/ 1,0° -10°%-0,9° = 0,65

Gpyy = %/ 08°-10°-0,7° = 0,555

A.3[3— Unbalance

Thel maximum global contribution to the voltage unbalance that can be shared among al| LV
installations, Gy, is determined using Equation (20):

GuLV = %/L?JLV - (TuML : LuMV )CL

assyming that

e the voltage unbalance planning level for LV, specified by the” system operator or owney, is
bqual to the compatibility level given in 4.2.5,

e the voltage unbalance planning level for MV, specifiedby-the system operator or owney, is
bqual to the values given in IEC/TR 61000-3-13, Table 2,

e the voltage unbalance transfer coefficient from MYV to LV is equal to 1,

e the summation law exponent is equal to 1,4,

the yvalue of the maximum acceptable global contribution to the voltage unbalance is found|as

G = 1m =05.

A.4, Reduction factors for,harmonics and unbalance

A.41 General

Accprding to Annex-B.,/the reduction factor for harmonic order h is defined as follows:

U
" max Unri(S1)

where

e Uy (Sy) is the contribution of all the LV installations to the harmonic voltage of order h at
the substation LV busbar;

e Upri (Sy) is the contribution of all the LV installations to the harmonic voltage of order h at
the far end of feeder j.

The reduction factors for harmonics and unbalance have to be determined separately for each

type of LV networks, mainly for networks with overhead lines and for networks with
underground cables.

The method, which is used hereafter, consists of the following steps:

e the determination of the characteristics of the considered type of LV networks;
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 the analysis of the influence of the networks parameters on ratio Uyg/Upf;;

e the calculation of the network voltages in various network configurations;

e the elimination of the non-realistic configurations;

e the determination of the reduction factor values.

Some information is also given on the method that can be used for the calculation of harmonic
voltages (or voltage unbalance) at any node of an LV network.

Hereafter, this general method is applied in the case of LV networks with overhead lines for

the

A.4

Firs
Ann
may

atcutatiomof theTeductionm factorsfor mon=triptertrarmorics:

2 Determination of the characteristics of the considered type of LV networks

t, the structure of the considered type of network has to be determined/~Accordin

ex D, the general scheme of an LV network for the calculation of harmonig voltage le
be described as illustrated in Figure A.1, where

N is the number of LV feeders;

m is the number of nodes between the LV busbar and the fariend of feeder j, depen

Njk is node k on feeder j;

5, is the total supply capacity of the considered LV system;

SFJ- is the apparent power of all installations connected to feeder j;

Sjk is the apparent power of all installations supplied by node Njk;

n is the harmonic order;

Vg IS the modulus of the harmonic impedance of the system at the LV busbar;
1jk is the modulus of the harmonic impedance of the system at node Ny;

T is the harmonic current of order'h flowing through the MV/LV transformer;

hFijk is the harmonic current’of order h flowing through feeder j just upstream node Njk;

Uhg (Sy) is the contribution of all the LV installations to the harmonic voltage of order
he substation LV busbar;

Unrj (Sy) is the(Contribution of all the LV installations to the harmonic voltage of order
he far end ofifeeder j;

Unjk (St)-i8<cthe contribution of all the LV installations to the harmonic voltage of order
node Ny
Jk

bn the feeder considered (excluding the LV busbar and including the end of the feeder);

hjk I the harmonic current emission from customer’s installations connected to node N;

j to
vels

ding

h at

h at

h at
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LV
Unen Feeder n
SFn
mv Iht
QO—5 T
S lnf lnfics
t Uhj1 Unj2 ﬂ> Uni ﬂ; Unjm

j
Tlhjk

P
Zng Node Nj,

S|’| S|2 ______ S|k ------ S]m

L UhFj Feeder j

In the example considered here, it is supposed that/it is possible to adopt the folloy

sim

The
Accprding to Equation (D:17), the network parameters to be considered for the calculatio

the

Unr2 Feeder 2

Unk1 Feeder)1

u
hB IEC 2368

Figure A.1 — Simplified scheme of an LV public system
for the calculation of harmonic voltage levels

plifications:

he substation LV busbar supplies n identical\l:'V feeders;

vithout spurs;
he customer’s installations are uniformly distributed along the feeders,

he LV system and the loads cennected to it (only for the determination of the redud
actors for harmonics) are balanced.

Feduction factor Kyglare:

5, the total supply capacity of the LV system;

. the length of the LV feeders;

7p»,\he complex harmonic impedance of overhead line per unit length (the com
harmonic impedance Z; is calculated from Z,g, Zf, Ig, m the number of nodes on §

h, the number' of LV feeders (the feeders being identical, SFJ- is calculated from S; and n);

ving

bach LV feeder is an overhead line having the same cross section over its total lepgth

tion

n, the ranges of the netwoerk parameters to be taken into account have to be determined.

n of

blex
ach

[V feeder, and k the number of node on feeder Fj);
h, the harmonic order,;

B, the summation law exponent for small installations.

The following parameters need not be taken into account:

m, the number of nodes on each feeder has no influence when its value is high eno
(210);

ugh

Sjk, the apparent power of all installations supplied by node Njk is calculated from S, n

and m);

Zng, the complex harmonic impedance of the system at the LV busbar mainly depends on

the rated power of the MV/LV transformer supplying the LV network.
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In the example considered here, it is supposed that the network parameters have the
following ranges:

e S;, from 50 kVA to 1 000 kVA;
e n, from 1 to 8 LV feeders;

Ig, from 50 m to 1 000 m;

e zp, corresponding to a line in copper with a cross section between 12 mm? and 48 mm? or
in aluminium with a cross section between 35 mm? and 75 mm?;

h, non-triplen odd orders from 5 to 37;

[ ]
A.4

This
the
sim

Acc
pro

Ann
stag
valu
mul
fact
feed

In t
only

3, from 1,0 to 2,0.
3 Method for the calculation of the harmonic voltages

subclause gives the different steps to calculate the harmonic voltages at any node
harmonic currents in any branch of the LV system described in Figure A,Dby means
ble program.

ording to Annex D, all harmonic currents and voltages due to'the LV installations
ortional to a same factor (this factor is termed A in the<theoretical developmen
ex D). Thus, the calculation of harmonic quantities may be _made in two stages. At the
e, the value of one quantity is chosen and all other quantities are calculated from
e. At the second stage, the real values of harmonic currents and voltages are update
iplying all values obtained in the first stage by the carrect factor of proportionality.
br is worked out by choosing a constraint: the maximum value of harmonic voltages or
ers, the harmonic current emitted by an installatien with a given apparent power, etc.

ne present case, ratios Upg/Upj, which deinot depend on the proportionality factor,
needed. So, only the program used for the first stage is described in detail below.
Step 1: Choice of the value of the harmonic voltage level at the substation LV busbar.

The contribution of all LV installations to the harmonic voltage at the substation LV bus
s fixed at an arbitrary value, fonexample:

UhB (St) =1 %.
Step 2: Choice of a value)for m.

The value for m shauld be higher than or equal to 10. For the example described in
annex, m = 20.

Step 3: Calculation of the modulus of harmonic impedances Zyg and Zy.
Vg is calculated from the rated power of the MV/LV transformer.

Zhjk ishcdlculated from the complex harmonic impedance Z,g, the complex harm
mpedance of the feeders per unit length z, ¢, the length of the feeders Ig, the numbe
nodes per feeder m and the number of node k on feeder j.

and
of a

are
t in
first
this
i by
Ihis

LV

are

bar

this

bnic
r of

Step 4: Calculation of the apparent power of all installations connected to feeder j.

In general, we have:

Sy = ZSJK (A-1)

k=1

In the case the n LV feeders are identical, we have:

Sy = Se (A.2)

n

e Step 5: Calculation of the harmonic current flowing through the MV/LV transformer.
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_ (A.3)

e Step 6: Calculation of the harmonic current emission from customer’s installations
connected to node Ny.

From Equation (D.3), it comes:

p
b _ NS (A.4)
| ple
hT VYt
S
So i = lor -8 S_Jk (A.5)

e Btep 7: Calculation of the harmonic current flowing through feedercj\just upstream node
N\ .
jk

m

thjk = B Zlhﬁa (A.6)
a=k

or n.7)

e Btep 8: Calculation of the contribution, of all the LV installations to the harmonic voltage at
irst node Nj; of feeder j.

From Equations (D.6) and (D.3); it comes:

| B k k
Ulﬁk(st) = g_T (St_SFj)'Zk?B + Z(Sja 'ija) + Zr?jk '(SFJ' _zsja]:| (h-8)
t a=1 a=1
Se
So for node N UL(S,) = 1528 + 1% S—FJ(Zrﬂ1 - ZSB) (A.9)
t
and|finally Ui(S) = 8 UL(S) + Iy, - (28 - Z)) (Al10)

e Step 9: Calculation of the contribution of all the LV installations to the harmonic voltage at
other nodes Nja (2 < a <m) of feeder j.

From Equation (A.8), it comes for (2 <a <m):

S-Sy

Uh(S)) = ( <
t

k-1
J-Z,?B-I,?T + 220 B+ Zh (A.11)
a=1

SO Urf}k (St) - Urﬁm(st) = Zr?jk—1 'Irf}kq + Zr?jk ' Ir?ij - Zr?jk—1 '(IrEij + Ir?jk—1) (A12)
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finally, for (2 <a <m):

Uhjk(St) = B\/Ukﬁk—1(st) + Ir?ij '(ZPEjk _Zk?jk—1) (A

4 Analysis of the influence of the network parameters for harmonics

13)

In order to find the minimum value of ratio U,g/Uf; (see Equation D.11), it is necessary to
analyse the influence of the network parameters on this ratio. This enables the expert to

elim

inate the parameters that have a small impact on this ratio.

The

Fo
cas

=

When varying ratio U,g/Uygi as a function of each parameter, the other parameters kee

the

method consists of the three following steps:

he definition of a particular case that roughly corresponds to an average|case of
considered type of LV networks;

he analysis of the influence of each of the network parameters listed\in A.4.2 on |
Uhe/Unrs

he determination of the network parameters that are dominating.

the type of networks considered in this annex, the characteristics chosen for the partic
b of network used to analyse the influence of the network parameters are as follows:

5 = 250 kVA;
h =5 LV feeders;
g =300 m;

v, corresponding to a line in aluminium with a*cross section of 35 mm?;
n = 5;
B =1,4.

value defined just before, follawing Table A.2 to Table A.7 are obtained.

Table/A:2 - Influence of the total supply capacity
of the'LV system on ratio UhB/UhFj (example)

S{(kVA) 50 100 160 250 400 630 1000
U, /U 0,89 0,81 0,74 0,63 0,51 0,38 0,33

hB' Y hFj

Table A.3 — Influence of the number of LV
feeders on ratio UhB/UhFj (example)

the

atio

ular

bing

n 2 3 4 5 6 7 8
Ups/Ung; 043 | 0,52 | 0,58 | 0,63 | 0,67 | 0,70 | 0,73
Table A.4 — Influence of the length of LV
feeders on ratio UhB/UhFj (example)
Ie (m) 50 100 200 300 400 500 600 800 | 1000

he/YUne; 0,93 0,85 0,74 0,63 0,56 0,49 0,44 0,36 0,31



https://iecnorm.com/api/?name=5d7dc312f855068d474efddf2af4bf19

TR 61000-3-14 © IEC:2011(E)

— 55 —

Table A.5 — Influence of the impedance of LV
feeders on ratio UhB/UhFj (example)

Line characteristics Cu12mm? | AI35mm? | AI55mm? | Al 75 mm?
Ups/Upg 0,61 0,63 0,65 0,65
Table A.6 — Influence of the (odd non-triplen)
harmonic order on ratio UhB/UhFj (example)
n 5] /4 11 To 4 9 29 p4e)
Upns/Ups 0,63 | 0,65 | 0,65 | 0,66 | 0,66 | 0,66 | 0,66 | 0,66
Table A.7 — Influence of the summation law
exponent on ratio UhB/UhFj (example)
B 1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 4,8 1,9 2,0
Ups/Upg 069 | 068 | 0,66 | 0,65 | 0,63 | 0,62 | 0,61 | 0,60 | 0,58 | 0,57 | 0,56

It G

cha

sum

the

For
sim

A.4

In

paragmeters determined in A.4.4.
fung

an be seen from these tables that ratio Upg/Unf; “does not depend much on
racteristics of lines, the harmonic order (in the case of non-triplen orders) and
mation law exponent. So, in this case of LV networks and non-triplen harmonic ord
dominating network parameters are

5, the total supply capacity of the LV system,

N, the number of LV feeders,

. the length of the LV feeders.

triplen harmonic orders in the case of LV networks with overhead lines, the results
lar except that,

compared to non-triplen harmonic orders, ratio UhB/UhFj is very different for triplen ordsg
compared to other triplen”harmonic orders, ratio UhB/UhFj is lower for order 3.

5 Calculation-of the harmonic voltages in various network configurations

his subclause, ratio U,g/U,g; is studied as a function of the dominating netv
able A.8 to Table A.11 give the value of this ratio 3

tion of §;)and n, for 4 different lengths of LV feeders. It is to be noted that n =2 2 becs

thene is no-heed to consider the reduction factor K, g when there is only one LV feeder.

the
the
ers,

are

vork
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use
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Table A.8 — ratio UhB/UhFj for an LV feeder length of 100 m (example)

Number of Total supply capacity S,
LV feeders
kVA
50 100 160 250 400 630 1 000
2 0,91 0,85 0,79 0,71 0,60 049 B
.
3 0,94 0,89 0,85 0,79 0,69 0,58 0,52
4 0,95 0,92 0,89 0,83 0,74 0,64 0,58
5 096 093 091 0 85 078 0 68 063
6 0,97 0,94 0,92 0,88 0,81 0,72 0,67
7 0,97 0,95 0,93 0,89 0,83 0,75 0,70
8 0,98 0,96 0,93 0,91 0,85 0,78 0,73

Table A.9 — ratio UhB/UhFj for an LV feeder length of 300 m(example)

Number of Total supply capacity S,
LV feeders KVA
50 100 160 250 400 630 1000

2 0,77 065 | 055 | 043 WAL A
3 0,83 0,72 0,63 0,52 0,40 W ;f%g
4 0,86 0,78 0,69 0,58 046  [AlEH
5 0,89 0,81 0,74 0,63 0,51 038 PIHE
6 0,91 0,83 0,77 0,67 0,55 042 VA
7 0,92 0,85 0,79 0,70 0,58 046 (RS
8 0,93 0,87 0,81 0,73 0,61 049 (K

Table A.10 — ratio UhB/UhFj for an LV feeder length of 500 m (example)

Number of Total supply capacity S,
LV feeders KVA
50 100 160 250 630 1000

T ow o V)
3 0,74 0,60 0,50 f/@,éj/j/jé/ KM? 48/
4 0,79 0,66 0,56 044 [ASE B A
5 0,82 0,70 0,61 0,49 0,37 [ AL
6 0,85 0,74 0,65 0,53 040 [ YA
7 086 | 077 | 088 | 057 | 043 [ A
8 0,88 0,79 0,70 0,60 0,46 0,34 fm
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Some configurations studied in A.4.5 lead to very low values for ratio Upg/Upr;. But th

con

feeders. So non-realistic configurations should be eliminated- before determining value

Kh

For

drops higher than 10 % were hatched, as non-realistic configurations.

NOTE In this case, according to the assumptions made«in®A.4.2, the conductor cross section was consid
constant for all cases regardless the number of feeders.

A.4

Aftdr using the preceding method, it issfow possible to determine the reduction factor valug

The|expert may provide

If it
cho

parficular casg considered in this annex, Table A.8 to Table A.11 give, for odd non-tri
harmonicorders:

61000-3-14 © IEC:2011(E) ~57 -

Table A.11 — ratio UhB/UhFj for an LV feeder length of 1000 m (example)

Number of Total supply capacity S,
LV feeders KVA
50 100 160 250 400 630 1000
2 W LAY I A5 %
3 X7 77,7 777777577777
| ew [ 5050555055
: neny 082 | 041 BLEL AL 808
5 or | ose | o4 EGETL A S0 b
7 0,74 0,60 0,49 0,37 WWW
5 ore | oes | o5z | os0 Pl 858 0 05

6 Elimination of non-realistic configurations

igurations are not realistic because they correspond to too high voltage drops along

example, in the preceding tables, Table A.8 to Table*A.11, cells corresponding to volt

7 Determination of the reduction*factor values for harmonics

pither a simple value for Ky g,

pr tables giving thetvalue of K,z as a function of the relevant network parameters
[able A.8 to TablenA.11).

is desired to.have only one value of the reduction factor, it is recommended that
sen valueJof Kyg is the minimum value of ratio U,g/U,g (see Equation D.8). In

(hB = 0,34

ese
LV

age

ered

see

the
the
blen

If the same study was conducted for odd triplen harmonic orders, it would come:

KhB=O’15 for h=3
Kyg = 0,12 for h > 3.

So, the value of the reduction factor K, g for the considered type of LV networks is given in
Table A.12.
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Table A.12 — Reduction factor KhB as a
function of the harmonic order (example)

3 5 7 9 11 13 15 17 19 21 23

25

hB 0,15 0,34 0,34 0,12 0,34 0,34 0,12 0,34 0,34 0,12 0,34 0,34

Another option is to determine the value of K, g as a function of the network configuration. In
that case, a technical expert has to provide tables or a calculation tool giving the value of K; g
as a function of the relevant network parameters, so that the system operator can choose the

rele
con
inst
200

A.4

antvatue of K, for theapptication of the—emission timitformuta when studying
nection of a particular installation to the LV system. For example, in the case_ of
bllation to be connected to an LV network with a 250 kVA MV/LV transformer{and
m LV feeders, Table A.9 gives K,,g = 0,58 for odd non-triplen harmonic orders.

8 Determination of the reduction factor value for unbalance

As for harmonics, the same study can be done for unbalance. In that case;’the analysis off

infly

[ ]
[ ]
[ ]
[ ]
Afte

non
givi

If th
con

ence of the network parameters shows that the dominating network ‘parameters are

5, the total supply capacity of the LV system,
h, the number of LV feeders,
. the length of the LV feeders,

7, the complex impedance of overhead line per unit length.

r calculation of the voltage unbalance in various network configurations and eliminatiog
rrealistic configurations, the expert may provide either a single value for K,g or ta
g the value of K g as a function of the relevant network parameters.

e same study (as from A.4.2 to A4.7) was conducted for voltage unbalance, it w
e:

K,g = 0,27.

the
an
four

the
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buld
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Annex B
(informative)

Example of application of the general method for
the calculation of emission limits for a specific installation

B.1 Overview

The|general method described in this report can be applied in two steps:

a) the calculation of global parameters related to a type of LV network;
b) the calculation of individual parameters and emission limits for a given installation.

The| first step should be done by a technical expert in a distribution network utility ¢r a
regylatory body. The second step should be done by a local operator)of the distribution
network, possibly with the help of calculation tools designed by a technical expert.

An example of application for the first step is described in Anhéx A. This annex giveqd an
example of practical application for the second step.

B.2| Description of the case considered

As an example of application of the method desctibed in this technical report, the folloying
parﬂicular case is considered. A new installationlis to be connected to an LV network and|the
sysfem operator or owner has to determiné~emission limits for harmonics, flicker [and
unbplance. In this particular case, it is suppesed that:
e Dy=400V,;

e B, = 400 kVA (the global impedance of the upstream MV system and the MV/LV
ransformer is supposed to bexequal to Zg = 0,007 Q +j 0,020 Q);

e N=6;
e B, =100 kVA (agreed apparent power of the considered installation);

e the considered installation is connected to the LV busbar by a 50 m overhead ling in
bluminium with-a-cross section of 75 mm? (z, ¢ = 0,44 Q/km + j 0,35 Q/km for the |line
conductors and:zZyr = 0,60 Q/km + j 0,35 Q/km for the neutral conductor);

e | =300 m(for the other LV feders).

B.3| _Global parameters to be considered

The values of the global parameters related to the type of network considered have already
been worked out by a technical expert according to Annex A. The local operator of the
distribution network only has to take these values into account to calculate the emission limits
for the specific installation.

In this annex, the global parameters related to the type of network considered are supposed
to have the following values.

The minimum size of large installations is:

e Sy =50 kVA

min

The limits for each individual harmonic order, E;,, defined for the assessment of the
installation at stage 1 from conservative network characteristics, are given in Table B.1.
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Table B.1 — Example of conservative harmonic
current emission limits for stage 1 assessment

Harmonic order h 3 5 7 9 11 13 >13 and < 40
Harmonic current emission 500
limit Eyp, (%) 4 ° ° ! 3 3 a

For harmonics, the maximum acceptable global contribution G\, and the reduction factor K, g

are

given in Table B.2 for the lower odd harmonic orders.

NOT
plan
high

For

For
fact

B.4

The|
vall

The|
inst

E In this example, it is supposed that there is no neutral conductor at MV. Therefore, the harmonie_vo
ing levels for triplen orders at MV can be chosen far lower than the values given in Table A.1, which lea
br values for the maximum acceptable global contribution for triplen harmonics.

Table B.2 — values of global parameters for harmonics

h 3 5 7 9 11 13
Goy (%) | 40 | 21 | 20 | 12 | 18 | A7
Kns 0,15 | 0,34 | 034 | 0,12 | 0,34 /) 0,34

voltage fluctuations, the maximum acceptable global contributions Gpg; y and Gpy vy a

GpstLy = 0,65
BpitLy = 0,95

voltage unbalance, the maximum acceptable global contribution G\, and the redug
pr K g are:

3ULV = 0,5 %
K5 = 0,27

Harmonic emission limits

agreed apparent power of the customer's installation (S; = 100 kVA) is higher than
e of S, (50 kVA):-So the procedure described in 8 has to be applied.

hllation gives:

Sec = 3 375 kVA, 50 S/Sq. = 3,0 %

tage
s to

-

e

tion

the

calculation vof “the short-circuit power at the point of evaluation of the considg¢red

Condition (5) is not fulfilled. The connection of the installation cannot be accepted at stage 1

and

The

stage 2 has to be applied.

refore, the emission limits for harmonics are calculated according to Formula (9):

2
Elhi — ﬁ'GhLV .ai .min [KhB,1J
Si St ZhB Zhi
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As a first approximation, the modulus of the harmonic impedance of the system at the LV
substation busbar is calculated as follows:

Zg = \/(RB)2 +h2(XB)2

where

e Rpgis the resistive part of impedance Zg at fundamental frequency (Rg = 0,007 Q);

o
S

Vi H ) e b . ! =z ad 1 s} VAV Fa N aVa¥al )\
° ’\B 1S UIT TTCalllve pPJdit UT Trpcudiive &B al Turiadimciiar ImmrcyucTiVy \/\B = U,UzU 327,

e D is the harmonic order.
Assuming that the LV system and the loads connected to it are balanced, the modulus of| the

harmonic impedance of the supply system at the point of evaluation of the customer's
installation is calculated as follows:

Z, = \/ [RB +1; '(rLF +363rNF)]2 + h? [XB +1; '(XLF +383XNF)]2

where
e |, is the length of the feeder between the LV substation busbar and the considgred
nstallation (I; = 50 m);

e [_f is the resistive part of the impedance of the) feeder line conductor at fundamental
requency (r g = 0,44 Q/km);

e X g is the reactive part of the impedance.ef the feeder line conductor at fundamegntal
requency (x g = 0,35 Q/km);

e [nF is the resistive part of the impedance of the feeder neutral conductor at fundamental
requency (ryg = 0,60 Q/km);

e Xnf is the reactive part of the impedance of the feeder neutral conductor at fundamgntal
requency (xyg = 0,35 Q/kmy;

e p3is equal to 0 for non-triplen harmonics and to 1 for triplen harmonics.

Follpwing Table B.3 gives the emission limits derived from the application of formula
together with the valdes of the parameters used at each harmonic order.

—~

9),

Table B.3 — Emission limits for harmonics
(with a single value of KhB)

h GpLv Kis a Zg Z, E i

% Q Q %
3 4,0 0,15 1 0,060 0,295 4,0
5 2,1 0,34 1,4 0,100 0,190 4,2
7 2,0 0,34 1,4 0,140 0,264 2,9
9 1,2 0,12 1,4 0,180 0,819 0,5
11 1,8 0,34 2 0,220 0,414 2,2
13 1,7 0,34 2 0,260 0,488 1,8

The emission limits obtained in Table B.3 are very conservative because a single value of K5
was used, irrespective of the real characteristics of the LV network to which the new
installation is to be connected. Looking at A.4.5, it can be seen that the real value of K, g for
the considered LV network (I = 300 m, n = 6, S; = 400 kVA) is equal to 0,55 for non-triplen
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harmonics. If the technical expert provided tables or a calculation tool giving the value of K, g
as a function of the relevant network parameters, the local operator would obtain the emission
limits in Table B.4.

Table B.4 — emission limits for harmonics
(KhB value depending on real network characteristics)

B.5

The|
vall

Her
pow
AS/

This
of th

The|

Bec

h GpLv Kis a Zg Z, E i

% Q Q %
3 4,0 0,26 1 0,060 0,295 5,4
5 2,1 0,55 1,4 0,100 0,190 6,6
7 2,0 0,55 1,4 0,140 0,264 4,5
9 1,2 0,22 1,4 0,180 0,819 0,9
11 1,8 0,55 2 0,220 0,414 3,5
13 1,7 0,55 2 0,260 0,488 2,8

Voltage fluctuation emission limits

agreed apparent power of the customer's installation (8= 100 kVA) is higher than
e of S, (60 kVA). So the procedure described in 9 has to be applied.

er Sy = 5 kVA and their apparent power at starting is AS = 5 Sy. The calculation of |
5. When one motor is starting gives:

AS 5SSy 5.5

= =074%
S S 3375

Ssc sc

ratio is higher than 0,4 % and so the limits given in Table 4 are not met. The conneg
e installation cannot be accepted at stage 1 and stage 2 has to be applied.

S, 100
EPsti = GPstLV 0\‘/8:1 b1 0,65'% = 0,41
S, 100
Eoi = Geux: i/; = 0,55'3\/; = 0,35
t

refore, the emission limits-for flicker are calculated according to formulas (13) and (14)|

ause-these values are greater than the minimum values allowable for all LV installat

give

just

B.6

above.

Unbalance emission limits

the

b it is assumed that, in the considered installation, there are several motors with a rated

atio

tion

ons

nin Table 5 _the emission limits for this | V installation are equal to the values calculated

The agreed apparent power of the customer's installation (S; = 100 kVA) is higher than the
value of S;,, (60 kVA). So the procedure described in 10 has to be applied.

Here it is assumed that, in the considered installation, a large load is connected between 2
phases so that condition (19) is not fulfilled. So, the connection of the installation cannot be
accepted at stage 1 and stage 2 has to be applied.
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The

refore, the emission limit for voltage unbalance is calculated according to formula (22):

2
El2i :UiN'GuLv'“i'min KUB;i
S, S, Z, ' Z

With the same notations as in B.4, the modulus of the short-circuit impedance of the system
at the LV substation busbar, Zg, and at the point of evaluation of the installation, Z;, are given

by

Foll
togq

As 1
valu
new
400
equ
KuB
follg

Z = R +1re )+ (X + 1 - X6 f

bwing Table B.5 gives the emission limit derived from the application of formula (
ther with the values of the parameters used.

Table B.5 — Emission limit for voltage unbalance
(with a single value of KuB)

Gy Kug o Zg Z, Epi
% Q Q %
0,5 0,27 1,4 0,021 0,047 3,8

or harmonics, the emission limit obtained in Table B.5 is conservative because a si
e of K ,g was used, irrespective of the real characteristics of the LV network to which
installation is to be connected..For the considered LV network (I = 300 m, n = 6,
kVA, overhead lines in aluminium with a cross section of 75 mm?), the real value of K|
al to 0,51. If the technical expert provided tables or a calculation tool giving the valu
as a function of the relevant network parameters, the local operator would obtain
wing emission limit:

ngle
the
St =
B is
e of
the
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Annex C
(informative)

Harmonic emission limits at stage 2

Overview

The purpose of this annex is to explain the method and the assumptions used to define the

harr

The|
inst
app
equ
IEC
app

sysfems, it is thus necessary to adapt both approaches in a consistent_manner.

In this annex, the definition of harmonic emission limits for stage 2 is made with the folloy

stef

C.2

C.2

In th
tran
load
are
dist
inst
sm4g

nonic emission limits for stage 2 given in 8.2.

context of LV systems is different from MV system context. On the one hand, most of
bllations connected to LV public systems are small installations that are not,subject to
ication of the emission limits defined in this report. For these small installations,
pment standards apply. On the other hand, the emission limits for L\, equipment
61000-3-2 and IEC 61000-3-12) have been defined as current limitsywhile the gen
foach given in IEC/TR 61000-3-6 is based on an allocation of harmenic voltages. Fo

S:

presentation of the assumptions,
Hefinition of the global emission to be shared between the customers at LV,
Hescription of the general conditions to define.individual emission limits,

condition to be met at the LV busbar, in*order not to exceed the acceptable harm
evels at this point of the system,

condition to be met for the LV feeder, in order not to exceed the acceptable harm
evels on the LV feeder to which thé’Considered installation is connected,

definition of the individual emission limits for an installation connected to a LV system.
Assumptions

1 General scheme of an LV public system

is annex, a typical LV public system is considered, as illustrated on Figure C.1. An M\
sformer supplies n feeders through an LV busbar. The transformer is supposed to be
ed. Custamer's installations are connected to each feeder. The small installations, w
not subject to the application of the emission limits defined in this report,
ngujshied from the large installations to which this report applies. On this figure, s
bllations are represented by small circles, whereas the large ones are representeg
Il'squares. The general aim of this annex is to define the harmonic emission limits for]

the
the
bnly
see
eral

LV

ving

bnic

bnic

LV
ully
hich
are
mall
by
the

installation of customer i connected to feeder 1.
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The| notations used on Figure C.1 are the following:

In order to define the contribution of éach type of installations to the harmonic voltages on
LV system, the following notations will also be used:

LV
5 Feeder n
MV hFn
| St | Do Unwy
I :Q: Feeder 2
Zis Unr2
> Zy
. T I — Feeder 1
U ]
U 6 6 6 6 hF1

Customer i 1EC " 2369/11

Figure C.1 — Scheme of an LV public system

5, is the agreed apparent power of customer's installation i,

5, is the total supply capacity of the considered LV system;

U g is the harmonic voltage of order h at the substation LV busbar;

Unrj is the harmonic voltage of order h at the end of feeder j;

V, g is the modulus of the harmonic impedance ©f the system at the LV busbar;

Vi is the modulus of the harmonic impedance’ of the system at the point of evaluatio
customer's installation i;

n is the number of the feeders suppliediby the MV/LV substation.

SFJ- is the apparent power, ofiall installations connected to a particular feeder (j);

B4, is the apparent.power of all small installations connected to the considered LV syst
SLFj is the apparent power of all large installations connected to a particular feeder (j);
Bsrj is the apparent power of all small installations connected to a particular feeder (j);

U (S,¢)is the contribution of all the installations corresponding to the apparent pg
5.« tothe"harmonic voltage of order h at the substation LV busbar;

JhFJ- (Syx) is the contribution of all the installations corresponding to the apparent po

~

n of

the

5| ¢ is the apparent power of all large installations connected to the considered LV system;

em;

wer

wer

B to the harmonic voltage of order h at the end of feeder §|:

UnLy (Syy) is the contribution of all the installations corresponding to the apparent power

S, to the harmonic voltage of order h at any point of the LV system.

C.2.2 Emission limits for equipment

For small installations, only emission limits for equipment defined in IEC 61000-3-2 and
IEC 61000-3-12 apply. In this annex, both of the following assumptions are made.

The harmonic voltages are lower than or equal to the planning levels at any point on
LV system if it is fully loaded by small installations.

the

The emission limits for equipment are defined as current limits independently of the short-

circuit power at the PCC of the installation. This is true for IEC 61000-3-2, but

not

completely true for IEC 61000-3-12. However, Table 4 of IEC 61000-3-12 applies for most
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types of equipment 216 A, and the last row of this table (Rg,, 2 120) applies in most
cases. That is why it is reasonable to assume that the harmonic emissions from a small
installation do not depend on the point where it is connected to the LV system.

c.2.3 Small and large installations

The fundamental assumption is that the percentages of small and large installations (Sg/S;
and S /S;) are generally not known in advance, and actually highly depend on the LV system
considered. Therefore, the emission limits for large installations will be defined so that a large
installation can replace a set of small installations having a same global power without
increasing harmonic voltage levels.

In other respects, small installations are generally dwellings so that the behaviour of twe small
installations is rather similar, whereas for large installations there is much more diversity in
installed equipment and in their behaviour in terms of harmonic emissions. Therefore, |t is
supposed in this annex that the phase angle diversity is higher for large installation$ or
between a large and a small installation than for small installations. Thus, When using]|the
gengral summation law defined in 7.2 for harmonics, two values of the_ exponent will be
congidered:

e ¢ to add harmonic emissions from large installations;

e P to add harmonic emissions from small installations;

e ¢ to add global harmonic emissions from a group of large installations and a group of
small ones;

e PB<a.
C.3| Global emission to be shared between the customers

In order to work out the global emission that\can be shared between the customers conne¢ted
to g given LV system, the scheme of _the LV public system derived from Figure C.1] as
illugtrated on Figure C.2, is considered:

(Lomv) LV (Lnv)

ToL Feeder n

MV m U Uth

O~

Sy Si Feeder 2

UhF2
T Feeder 1

o [ & ] e PSS

(| (|

IEC 2370/11

Figure C.2 — Scheme of an LV public system in order to work out
the global emission to be shared between the customers

For each harmonic order, the actual harmonic voltage in an LV system (U}, /) results from the
vectorial combination of the harmonic voltage coming from the upstream MV system
(UpLy (Sy)) and of the harmonic voltage resulting from all installations connected to the
considered LV system(U v (S;)). This total harmonic voltage should not exceed the planning
level of the LV system. So:
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U:LV = Usz(Su) + UELV(St) < L(::LV (C.1)

or UﬁLV(St) < LT]LV - UﬁLV(Su) (C-2)

As the actual harmonic voltage in the upstream MV system should not exceed the planning
level at MV, it comes, taking into account the transfer coefficient T, :

UhLV(Su) < ThML’LhMV (C'3)

Therefore, the global harmonic voltage emissions that can be allocated to the“total of
installations connected to the considered LV system is given by

GhLV = %/LT]MV - (ThML 'LhMV) (F-4)

where
e {5,y is the maximum global contribution of the local LV installations to the ht" harmonic voltage
bnywhere in the LV system (expressed in percent of the fundamental voltage);
e Ly is the planning level of the hth harmonic in the LV system;

e lnwv is the planning level of the hth harmonic in the upstream MV system;

e ['ymw is the transfer coefficient of harmonic voltage{distortion from the upstream MV system tq the
|V system under consideration at harmonic orderh;

e (is the summation law exponent for large installations.
Dud to the general summation law used, the contribution Uy, \, (S;) of all installations supglied
by the LV system to the harmonic voltage of order h on this system is maximum at the end of

feeders. The contribution U,z (S;) of‘these installations to the harmonic voltage at thel LV
buspar is lower.

An acceptable global contribution of the local LV installations to the harmonic voltage at|the
LV busbar is also defined, as a fraction of the maximum global contribution Gy, \/:

GhB = KhB 'GhLv

—

C.5)

where

o Gglis'the acceptable global contribution of the local LV installations to the ht" harmpnic
Voltage at the LV busbar (expressed in percent of the fundamental voltage);

e G,y is the maximum global contribution of the local LV installations to the ht" harmonic
voltage anywhere in the LV system (expressed in percent of the fundamental voltage);

e K, is the reduction factor at harmonic order h, corresponding to the ratio of the global
contribution of the local LV installations at the LV busbar to their maximum global
contribution at the end of the LV feeders, when the LV system is fully loaded by small
installations.

This reduction factor is given by

Uns(S1)

S Al VA (C.6)
" maX(UhLV (St ))
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Because it is assumed that the harmonic emissions from a small installation do not depend on
the point where it is connected to the LV system, the reduction factor K, g does not depend on
harmonic emission levels, but only on the structure of the LV system (number and length of
feeders, distribution of customers, etc) and the exponent B used for the summation law.
Values of K,z are given for some typical LV systems in Annex D.

C.4

General conditions to define individual emission limits

The harmonic emission limits for large installations have to be defined in such a way that the
planning levels are not exceeded on the LV systems. As harmonic levels are higher at the end

of t
eac

equ
tob

How
inst
this
harr
inst
max
exc
con

NOT

C.5

C.5

ne LV feeders (due to the summation law used), this means that, for each feeder,j
n harmonic order h, the contribution U, (S;) of all the installations supplied by the
sysfem considered to the harmonic voltage at the end of the feeder should be lower-tha
al to the maximum global contribution Gy, /. This corresponds to the following set of.n ‘conditions
e met for each harmonic order:

Uri(Si) < Gy Ve [1 ’n]

—

ever, when considering the connection of a particular large<installation, for example
bllation of customer i to be connected to feeder 1 (see Figure C.1), it can be noticed
installation modifies the harmonic voltage levels on thé other feeders only through
nonic voltage at the LV busbar. Therefore, the contribution U,g (S;) of all the
hllations to the harmonic voltage at the end of eaéh other feeder will not exceed
imum global contribution G, if the harmonic xoltage level at the LV busbar does
ped the acceptable global contribution G at)the LV busbar level. Thus, the set
ditions (C.7) can be replaced by simply both following conditions:

UhB(St) < KhB 'GhLv

—

—

UhFl(St) = GhLV

E In this annex a lot of formulae present "inequality”. They are therefore referrd to as "condition".
Condition atthe LV busbar

1 General'condition at the LV busbar

LV

and
LV
n or

£.7)

the
that
the
LV
the
not
Df N

£.9)

= Small installations
W s F—0

| ( Q ) Sst
Zng 4|:| Large installations

Sit

v

UhB

IEC 2371/11

Figure C.3 — Simplified scheme of an LV public system
in order to work out the condition at the LV busbar
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In order to work out the condition at the LV busbar, the simplified scheme of an LV public
system, illustrated on Figure C.3, is considered. This scheme is derived from Figure C.1
where all small installations were aggregated into a single equivalent load having a global
apparent power equal to Sg; and all large installations were aggregated into another single
equivalent load having a global apparent power equal to S ;.

The contribution of all the LV installations to the harmonic voltage of order h at the LV busbar
is the vectorial combination of the contribution from the small installations and of the
contribution from the large installations. According to the assumptions on the summation law
in C.2.3, it comes:

Uis(S) = Uie(Sw) + Uie(Ssi) (C{10)

Thig global contribution U, g(S;) has to fulfil general condition (C.8) given in Clausg C.4. S¢:

Uis(Su) + Une(Ss) < (Kig -Guy )* (CH11)

C.5)2 Global contribution of the small installations

Accprding to the first assumption made in C.2.2 and the definition of G, g in Clause C.3,|the
congition (C.11) is also met if only small installations are.€onnected to the considered LV
sysfem. So, in that case, taking into account the summation law exponent for small
installations, it comes:

Uls(Se) Z Uls(Se) < (Kig -Gy )’ (Cl12)
or DISY < L 7 (Kig -Gy )’ (Cl13)
k (ZhB)

where |, (Sy) is the harmonic:durrent of order h produced by small installation k.

Forla single installationt, it is then supposed that:

w

K 1

IE(Sk) S < ’(KhB'GhLv )B (Ci14)
St (ZhB)ﬁ
p Sk i
or Uhn(s ) b_ (Khn 'Ghl\l) (C15)
t

According to the second assumption made in C.2.2, the preceding condition is quite right
when all small installations have the same agreed apparent power. It is supposed here that
this condition is still right when small installations have different values of their agreed power.

If now some large installations are connected to the considered LV system, it results from
condition (C.15) that the global contribution of all small LV installations to the harmonic
voltage of order h at the substation LV busbar is given by

S
UEB(SSt) = S_ (KhB GhLV) (C-16)
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or Us(Ss) < (Kig ‘GhLv)‘ﬁ‘f% (C.17)
t

where the right part of this condition represents the acceptable global contribution of the small
LV installations to the harmonic voltage of order h at the substation LV busbar.

As we supposed in C.2.3 that B < a, we have 1/a < 1/B, and so it finally comes:

IS IS
UhB(SSt) S (KhB 'GhLv)'ﬁ\/S_St < (KhB 'C':‘h|_v)'°‘s_St (C-18)
t t

C.5{3 Acceptable global contribution of the large installations

Accprding to the general condition (C.11), the global contribution of all large LV installat|ons
to the harmonic voltage of order h at the substation LV busbar shall\meet the following
condition:

USB(SLt) < (KhB 'GhLv)OL - UEB(SSt) (CL19)

Condition (C.11) is still met if the global contribution of the small LV installations is repldced
by & higher quantity as given in condition (C.18). So a sufficient condition for the glpbal
confribution of all large LV installations is

o a S o
Uis(Si) < (Kig -G@)” - S—St “(Kig -Grv) (Cl20)
t

After simplification, it finally comes:

S
U (Sy) < (KhB'GhLV)'O‘S_Lt

t

(cl21)

where the right part of’'this condition represents the acceptable global contribution of the Igrge
LV installations te_the harmonic voltage of order h at the substation LV busbar.

C.5/4 Individual emission limits for a large installation with regard to the LV busbar

For|each-large LV installation, only a fraction of the acceptable global contribution given by
condition (C.21) can be allowed. A reasonable approach is to apportion it to indivigual
customers according to their agreed power. Such a criterion is related to the fact that the
agreed power of a customer is often linked with his share in the investment costs of the power
system. Thus, for customer's installation i, it comes:

S
UhB(Si) < (KhB 'GhLv)‘“S_

t

(C.22)

This leads to define the following harmonic current emission limits for large LV installations
with regard to the LV busbar.
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1 U B
Egn = Z'S_’?'Kha -Gy @ S_t (C.23)

where

e Egp; is the harmonic current emission limit of order h with regard to the LV busbar for the
installation (i) connected at LV (%: expressed in percent of the installation current
corresponding to its agreed apparent power, S;/ UN\/3);

e Z,p is the modulus of the harmonic impedance of the system at the LV busbar (Q);

e Uy is the nominal phase-to-phase voltage of the LV system (V);
e B, is the agreed apparent power of the installation (i) (VA);
e K, g is the reduction factor at harmonic order h, as defined in Clause C.3;

e v is the maximum global contribution of the local LV installations to the hth harmpnic
boltage in the LV system (%: expressed in percent of the fundamental voitage);

e B, is the total supply capacity of the considered LV system (VA);

e 0 is the summation law exponent for large installations.
C.6| Condition for the LV feeder to which a large installation is connected

Cc.6/1 General condition for the LV feeder

In ofder to work out the condition for the LV feederto)which the considered large installgtion
(i) is connected, the simplified scheme of an LV, public system, illustrated on Figure C.4, is
congidered. This scheme is derived from Figure €:1 where

e all small installations connected to feeder-1 were aggregated into a single equivalent load
naving a global apparent power equal\to’Sgg¢,

e all other small installations were aggregated into another single equivalent load having a
jlobal apparent power equal to,Sg; — Sgp1,

e all large installations connected to feeder 1 were aggregated into a single equivalent load
naving a global apparentspower equal to S| g4,

o all other large installations were aggregated into another single equivalent load having a
jlobal apparent power equal to S| ; — S| gq.

LV

O Small installations
MV on other feeders
St SSt - SSF1

|:| LCarge installations
Zng on other feeders

SLt - SLF1
Feeder 1
u
SSF1 d) SLF‘I é hF
UhB

Small installations Large installations

on feeder 1 on feeder 1

IEC 2372/11

Figure C.4 — Simplified scheme of an LV public system in order to work out the
condition for the LV feeder to which a large installation is connected
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The contribution of all the LV installations to the harmonic voltage of order h at the end of
feeder 1 is the vectorial combination of the contribution from the small installations and of the
contribution from the large installations.

URei(Sy) = Upei(Sy) + Upe(Sg) (C.24)

As regards the contribution of all the large (small) LV installations to the harmonic voltage of
order h at the end of feeder 1, it is the vectorial combination of the contribution of the large
(small) LV installations connected to feeder 1 and of the contribution of all other large (small)
installations—to-the-harmenictevelat-the-substation LV busbar—Accerdingte-theassumptions

on the summation law in C.2.3, it comes:

Une(Si) = Uie(Sy —Sie) + URei(Siey) (Cl25)

UﬁF1(SSt) = UﬁB(SSt —Sgr) + Uﬁm(ssm) (Cl26)

The| global contribution U,g4(S;) has to fulfil general condition (C€.9) given in Clause [.4.
Combining Equations (C.24) and (C.25), it comes:

Uiei(Sir) + Urs(Su =Sie) + UifSs) < Ghy (Cl27)

C.62 Global contribution of the large installations connected to the other feeders|

Fromn condition (C.21), it comes that the global contribution of the large LV installatjons
conpected to the other feeders to the harmonic voltage of order h at the substation LV bugbar
is glven by

" SLt _ SLF1

UhB(SLt _SLF1) < (KhB 'GhLv)' S
t

(Cl28)

C.6{3 Global contribution of the small installations connected to the other feeders

From condition (C.17), it comes that the global contribution of the small LV installations
conpected to the other feeders to the harmonic voltage of order h at the substation LV busbar
is glven by

SSt _SSF1

UhB(SSt _SSF1) < (KhB 'GhLv)'B S
t

(Cl29)

C.6.4 Global contribution of the small installations connected to the same feeder
According to the first assumption made in C.2.2, condition (C.9) is also met if only small
installations are connected to the considered LV system. So, if we supposed in a first step

that all large installations were replaced by small installations having the same equivalent
power, (C.26) and (C.9) would give:

Ue(S: =Sr) + Uiei(Sey) < GRy (C.30)

or U5F1(SF1) < GELV - UﬁB(St_SH) (C.31)
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Now, taking into account condition (C.29), the acceptable global contribution of the small LV
installations connected to feeder 1 is given by

St _SF1 .

t

Ubei(Se) < Ghuy — (Kig -Gy )’ (C.32)

or Uber(Sry) < {1 - (—St gsm ] : Kﬁs—l -Gl (C.33)
t =

If npw some large installations are also connected to feeder 1, the global contribution of all
smdll LV installations connected to feeder 1 to the harmonic voltage of order h at the end of
feeder 1 is given by

S S-S
UﬁF1(SSF1) < o { - (ﬁJ ’ Kﬁ8:| ’ GﬁLV (C}34)
S, s,

C.6{5 Global contribution of all the small installations connected to the LV systen

Accprding to its definition in Equation (C.26) and to both_conditions (C.29) and (C.34),[the
glohal contribution of all the small installations connegcted to the LV system to the harmpnic
voltage of order h at the end of feeder 1 is given by

UﬁF1(SSt) < (@j.(ms .GhLV)B T EP _ (ﬁJ.KﬁB]GgLV (C135)
s, S s,

S S S
or UP_(Sq) S GE,, - |: SF1 , KB (i — ﬂﬂ . (C}36)
hF1\ st hLV S, hB S, S,

C.66 Acceptable global contribution of all the large installations connected to the
feeder underconsideration

Accprding to the,general condition (C.27), the global contribution of all large LV installatjons
conpected to feeder 1 to the harmonic voltage of order h at the end of feeder 1 shall meet|the
follgwing condition:

UﬁFl(SLFl) < GELV - U:B(SLt - SLFI)_ UﬁFl(SSt) (C'37)

Condition (C.27) is still met if the global contribution of all the small LV installations
connected to the LV system and the global contribution of all the large LV installations not
connected to feeder 1 are respectively replaced by higher quantities as given in conditions
(C.36) and (C.28). So a sufficient condition for the global contribution of all the large LV
installations connected to feeder 1 is given by

s o

S-S o o S S p
Lts LF1J_(KhB.GhLV) - GhLv{ngKﬁB'(s_s‘_%H (C.38)

t

UﬁF1(SLF1) < GgLv - [

F1 t F1
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o o o S _S o S S E
or UhF1(SLF1) < GhLV {1 _KhB [%H - GhLv |: SSF1 '(1 —Kﬁs) +S_St'KEB} (C.39)
t F1 t

To simplify the reasoning, the last term of condition (C.39) is now considered separately and
is temporarily defined as A:

S S
A= {1-KL) ot K

=

As 0 <K, g <1, itcomes that A= 0.

The|term A can also be written as follows:

Sg —-S S,-S S S
A= | _TF  oKP )4 | ZRKE =1 - T (KR ) - K8
[ SF1 J ( hB) ( St j hB SF1 ( hB) St hB

As 0 <K, g =1, it comes that A= 17

Therefore, 0 < A <1, and as a/f = 1 according to the assumptions made in C.2.3, it finally
conmles:

™|

A< A

Condition (C.27) is still met if the last-térm in condition (C.39) is replaced by a higher quantity.
So a sufficient condition for the global contribution of all the large LV installations conneg¢ted
to feeder 1 is given by

o o o« [Sy-S o S S
Urei(Sirr) < Gy '|:1_KhB (%ﬂ - Giy '{1_ﬁ'(’]_KEB)_S_U’KﬁB}(CAO)

t F1 t

or Ui (Sirr) < Gy -| Ky | Su=Ster | Sier (g gp )y S p, (cla1)
S, S, S,

o UL(Su) < Gy | (K - K ) Du=Suwn) L Sy Sy S| (caz)
Sy Sk Sk S, ]

or U (S,) < GY {SSLH _ KEB,SSLH ,(1_%j n (KEB _ KﬁB)-(ﬁJ (C.43)
F1 F1 t

As0<K,g<1and1<B<aq,itcomes:

Kl <1 and Kb —-Kf >0.
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So a sufficient condition to meet the general condition (C.27) is given by

S S S
Urei(Sir) < Gy { - ﬂ-[1—iﬂ (C.44)
hF1 LF1 hLv SF1 SF1 St

Therefore, the acceptable global contribution of all the large LV installations connected to
feeder 1 to the harmonic voltage of order h at the end of feeder 1 is given by

S
UhF1(SLF1) < GhLV ‘i/ - (C145)
S
C.6{7 Individual emission limits for a large installation with regard to the LV feeder

Forleach large LV installation connected to feeder 1, only a fraction of the.acceptable glpbal
confribution given by condition (C.45) can be allowed. As in C.5.4, a réasonable approadh is
to gpportion it to individual customers according to their agreed power. Thus, for custonler's

installation i, it comes:
s,
Uiri(Si) < Gy - ¢ S_ (C146)
t

Thig leads to define the following harmonic currenf{ emission limits for large LV installatjons
with regard to the LV feeders.

T UL /S.
Eri 20— -Gy - of = (C}47)
IFh Zhi Si hLv St
where
e E|rni is the harmonic current emission limit of order h with regard to the LV feeder for|the

nstallation (i) connected at LV (%: expressed in percent of the installation current
corresponding tojitsvagreed apparent power, S; / UN\/3);

e Y, is the modulus of the harmonic impedance of the system at the point of evaluatiop of
customer's.jnstallation i (Q);

e Dy is thé nominal phase-to-phase voltage of the LV system (V);

e B, is(the agreed apparent power of the installation (i) (VA);

e (Y is the maximum global contribution of the local LV installations to the ht" harmpnic
voltage in the LV system (%: expressed in percent of the fundamental voltage);

e S, is the total supply capacity of the considered LV system (VA);

a is the summation law exponent for large installations.
C.7 Individual emission limits for a large installation connected at LV

To fulfil the general conditions (C.8) and (C.9), it was shown that a sufficient condition for
large LV installations is to meet both conditions (C.22) and (C.46). As a consequence, this
leads to define the following harmonic current emission limits for the large installations
connected at LV.
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E, = min (EIBhi ;EIFhi) (C.48)

That is to say finally:

U2 s, . (K 1 ]
Ei = NG, -o— -min ﬂ;_ (C.49)
" Si " St ZhB Zhi

C.8___Justification of the approach used

It can be noted that it is not possible to use the same approach at LV as at MY\ For, in
IEC|TR 61000-3-6, the harmonic emission limits for individual installations are-defined in
terms of harmonic voltages irrespective of their locations on the MV system,"so that|the
installations connected near the MV busbar are allowed higher harmonic current limits {han
the jnstallations connected at the far end of MV feeders. In case an MV/LVransformer is fully
loaded by residential customers and only one large installation located-very close to thg LV
buspar, using the same approach at LV as at MV for this large instalfation would lead to
higher harmonic current limits than those obtained by application of Equation (9), by actdally
neglecting the reduction factor K, g. In that case, the harmonic veltage level at the LV bugbar
would increase and it would no longer be possible to ensure that'the planning levels are| not
exceeded at the far end of the LV feeders.
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Annex D
(informative)

Calculation of the reduction factors
for harmonics and unbalance

D.1 Overview
Accprding to Clause C.3, the reduction factor at harmonic order h, K, is defined by
B = UhB(St) (:)1)
max Uy (S,))

where

e Ug (Sy) is the global contribution to the harmonic voltage of afder h at the substation LV
pbusbar due to all the LV installations connected to the considered LV system,

e max (U, y (S¢)) is the maximum value of the global contribution to the harmonic voltage of
brder h at any point of the considered LV system due to“all the LV installations conne¢ted
o this LV system,

when the LV system is fully loaded by small installations.

In the same way, the reduction factor for unbalance K g is defined by

= UZB(St) ()2)
max (U (S,))

where

e Uop (Sy) is the global contribution to the voltage unbalance at the substation LV bugbar
Hue to all the LV installations connected to the considered LV system,

e max (U, y (Sy))is~the maximum value of the global contribution to the voltage unbalgnce
bt any point of the considered LV system due to all the LV installations connected to [this
|V systeny,

when thed .\ system is fully loaded by small installations.

In this.annex, the reduction factors are first considered in the case of harmonic disturbanges,

then the obtained results are extended to the case of unbalance. The calculation of the
reduction factors is dealt with according to the following order:

General method to calculate the reduction factors for harmonics,
Calculation of the reduction factors for harmonics on a generic case,

Assessment of the reduction factors for harmonics on particular cases and recommended

values,

Assessment of the reduction factors for unbalance on particular cases and recommended

values.
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General method to calculate the reduction factors for harmonics

A General scheme of an LV public system and assumptions

In this annex, the general scheme on an LV public system is considered, as illustrated on
Figure D.1. An MV/LV transformer supplies n feeders through an LV busbar. The transformer
is supposed to be fully loaded. Each feeder has a tree structure with spurs, which is different
from those of the other feeders. The customer's installations are not supposed to be equi-
distributed along the feeders.

Feeder n
Feeder 2 ;) O
—(Q— :
O
My (? 6 6
é Feeder 1
LV

IEC 237.

In this annex, the following assumptions are made.

Fro

installation-iis given hy

Figure D.1 — Genefal scheme of an LV public system

Dnly small installations, which are not subject to the application of the emission i
Hefined in this report, are connected to the LV system considered (see the definition of
reduction factor in €lause D.1).

Mmits
the

t is connectéd .to the LV system (see C.2.2). They only depend on the agreed appa
bower for the considered installation.

he summation law exponent for small installations is equal to B (see C.2.3).

both last assumptions, it comes that the harmonic current of order h produced

Harmonic curreht-emissions from any small installation do not depend on the point wTere

ent

by

I, = A, -8/S, (D.3)

where

h is the harmonic order;
I is the harmonic current emission level of installation i;
S, is the agreed apparent power of installation i;

B is the summation law exponent for small installations;
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e Ay is an allocation constant. This constant does not need to be determined for the
calculation of the reduction factor K5, but can be calculated subsequently.

D.2.2 Simplified scheme of an LV public system for the calculation of the global

contribution of all LV installations to the harmonic voltage levels at a given
node

The purpose in this paragraph is to obtain a simplified equivalent scheme in order to calculate
the harmonic voltage levels at any node of the LV system considered. For that, a particular
node N, on feeder 1, which could be anywhere on the LV system, is considered as illustrated
in Figure D.2. On the way from the substation LV busbar to node N;, there are several

inte
inst
inst

M\

medliate nodes, Ni 1 Ni 25 eees Ni s
bllation (see nodes N, 4, N; , and N, 4, in the case of Figure D.2) or a set of s
bllations (see nodes N; 3 and N; 5, in the case of Figure D.2).

P \‘\‘Feedern T s,
I." St — Sk \
7 o
zz s, | .. Feeder 27
[ Si2 "\ O
Ne QX
0 Ni 2 Ni 3
v -
S
Feeder 1
IEC 237

Figure D.2 — Simplification of the general scheme of an LV public system for the
calculation of harmonic voltage levels at node Ni — 1st step

/11

LV
40 Other feeders
! Si— Sk
| >~ St

R Si 2 Si 3 S

N, N| Ni
Zhg 61 Q Q (5_4 d;s ? 0Siss Feeder1
N; N;

Si 1 ? - Si4 Sis Un

S node N;

Figure D.3 — Simplification of the general scheme of an LV public system for the
calculation of harmonic voltage levels at node Ni — 2nd step

IEC 2375/11

mall
mall
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A simplified equivalent scheme of the LV system for the calculation of the harmonic voltage
levels at node N, can then be deduced from Figure D.2, as illustrated in Figure D.3, where

e N, is the considered node where the harmonic voltage levels are calculated;

 Nj (is the k" intermediate node between the substation LV busbar and node N;;

e s is the number of intermediate nodes between the LV busbar and node N;;

S, is the total supply capacity of the considered LV system;

Sg4 is the apparent power of all installations connected to feeder 1,

e S isthe agreed apparent power of customer's installation i directly connected at node N:;
T 4 ™1 T T 7

~

* Bj gs is the apparent power of all installations downstream from node N;;

o Si_k is the apparent power of all installations supplied by node Ni_k;

e Y,p is the modulus of the harmonic impedance of the system at the LV busbar;

e Y, is the modulus of the harmonic impedance of the system at node N;;

e i k is the modulus of the harmonic impedance of order h at intermediate node N; ;
e U, is the harmonic voltage of order h at node N;.

e Uug (S,y) is the contribution of all the installations corresponding to the apparent pgwer
5.« to the harmonic voltage of order h at the substation LV usbar;

o Ui (Syy) is the contribution of all the installations corresponding to the apparent power|S,,
o the harmonic voltage of order h at node N;.

D.2|3 Global contribution of all LV installations at a given node

The| global contribution of all the LV installations:to the harmonic voltage of order h at|the
givgn node N, is the vectorial combination of\the contributions of each set of installatjons
illugtrated in Figure D.3. Applying the general’summation law, it comes:

UR(S,) = UL(S,-Sf) + iuﬁi(si_k) + Un(S) + Uﬁi(siids) (P-4)

k=1

The| contribution of one set(of*installations to the harmonic voltage of order h at node N; is| the
product of its harmonjc® current emission at order h by the common harmonic system
impedance seen by this\set of installations and node N;. Thus, taking into account the genleral
assyimption made in\(ID.3), the contribution of all installations supplied by node N,  is g|ven
by B

B (D.5)

Tha afora tha alohal contributionof all the 1 \/ inctallatione to tha harmanic vynltana of aord r h
Crer+ores .u-v grovar—oo oo oot e Vot et o St ot e e o T oV ot g oo o
at node N; is:
i i B s i B i
Uhi(St) = Ah' (St _SF1)'ZhB + Z(Si_k ‘Zhi_k) + Si 'Zhi + Si_ds'zhi (D'6)
k=1

D.2.4 Global contribution of all LV installations at the substation LV busbar

As a particular case of the preceding paragraph, the global contribution of all the LV
installations to the harmonic voltage of order h at the substation LV busbar is given by:

UEB(St) = Aﬁ 'St 'ZﬁB (D.7)
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D.2.5 Calculation of the reduction factors for harmonics
The reduction factor for the harmonic of order h can then be calculated for the considered

system from:

Uis(S.)

—___hBATt/7 D.8
" max [U,(S,)] ©9)

where

e Ug (Sy) is given by Equation D.7,

e max (Uy; (Sy)) is the maximum value given by Equation (D.6), as a function of node™N;.
D.3| Calculation of the reduction factors for harmonics on a generic case

D.3/1 General

Because of the use of the general summation law, the maximumhharmonic voltage levgl of
ord¢r h, max (Uy; (Sy)), is obtained at the far end of one of the KV feeders. In this paragraph,
the [calculation of the reduction factor K g is directly calculated from the global contribution of
all {V installations to the harmonic voltage level of order h atthe far end of each LV feeder.

D.3)2 Simplified scheme of an LV public systemdor the calculation of the reductign

factors
LV
Unen Feeder n
SFn
Viv ZZ sl sy
N; N N; Nim
Zhe (; g d])k 16 Uwj  Feederj
Si S, ~T7°°° Sy TT°°°°° Sim
Zhjk
Unr2 Feeder 2
Sk
Unet Feeder 1
qr*.
l-JhB

IEC 2376/11

Figure D.4 — Simplified scheme of an LV public system for the
calculation of harmonic voltage levels at the far end of LV feeders

For the calculation of the reduction factors for harmonics, the simplified scheme in Figure D.4
is considered. This scheme, derived from Figure D.2 and Figure D.3, allows to calculate the
contribution of all LV installations to the harmonic voltage level at the far end of feeder j. On
the way from the substation LV busbar to the far end of feeder j, there are m nodes (m
depending on the feeder considered), Nj1, sz, Njk, ij, N.,, being the node at the far
end of the feeder. Each of these nodes supplies a set of smaIJI installations with a global
agreed apparent power Sjk.
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D.3.3 Global contribution of all LV installations at the far end of LV feeders

According to Equation (D.6), the global contribution of all the LV installations to the harmonic
voltage of order h at the far end of feeder j is given by

Ul (S,) = Al .{(st-sﬁ)-zﬁs + Zsjk-zﬁjk} (D.9)
k=1

where

D.3

As

sysfem is maximum at the far end of one of the LV feeders, it comes from Equations ([

(D.1

or fi

Unrj (Sy) is the contribution of all the LV installations to the harmonic voltage of order
he far end of feeder j;

h is the harmonic order;

M is the number of nodes between the LV busbar and the far end of feeder j, depen

5, is the total supply capacity of the considered LV system,;

SFJ- is the apparent power of all installations connected to feeder.j;

Sjk is the apparent power of all installations supplied by node Njk;

Vg IS the modulus of the harmonic impedance of the system’at the LV busbar;
njk is the modulus of the harmonic impedance of ordefh at node Njy;

A, is the allocation constant defined in Equation (B:3);

B is the summation law exponent for small installations.
4 Reduction factors for harmonics
he harmonic voltage level due to all, installations connected to the considered LV py

) and (D.9) that the reduction factor’at harmonic order h K5 is given by

ZhB R St

bn the feeder considered (excluding the LV busbar and including the end\6f the feeder);

nally Kpg = (D

h at

ding

blic
.8),

110)

11)

D.4

Assessment of the reduction factors for harmonics on particular cases
and recommended values

D.4A1 Application of the general method on simplified LV systems

In this clause, the general method described in Clause D.3 for the calculation of the reduction
factors for harmonics is applied on two particular cases of LV systems, a rural overhead
system and an urban underground system, before proposing typical values of these reduction
factors for LV systems.
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