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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-7: Limits —
Assessment of emission limits for the connection of fluctuating
installations to MV, HV and EHV power systems
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiop’comp
national electrotechnical committees (IEC National Committees). The object of IEC \is' to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fielg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificq
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér\referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intef
the subject dealt with may participate in this preparatory work. International,> governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c
th the International Organization for Standardization (ISO) in accordance<with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical\committee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N4
mmittees in that sense. While all reasonable efforts are.made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible/for the way in which they are used or fol
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in.\their national and regional publications. Any diver
e |atter.

C provides no marking procedure to indicate its approval and cannot be rendered responsible fo
uipment declared to be in conformity with*an IEC Publication.

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

rising
mote
s. To
tions,
“IEC
ested
non-
osely
bd by

tional
m all

tional
f IEC
r any

htions
jence

tween any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in

r any

embers of its technical committees and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent 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. Howev

liability shall attach to IEC afits directors, employees, servants or agents including individual exper%s and
)

ge or
and
r IEC

ns is

pct of

er, a

nical’ committee may propose the publication of a technical report when it has collg

cted

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

IEC/TR 61000-3-7, which is a technical report, has been prepared by subcommittee 77A: Low
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This Technical Report forms Part 3-7 of IEC 61000. It has the status of a basic EMC
publication in accordance with IEC Guide 107 [17].1

This second edition cancels and replaces the first edition published in 1996 and constitutes a
technical revision.

1

Fi

gures in square brackets refer to the bibliography.
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This new edition is significantly more streamlined than the original technical report (Edition 1),
and reflects the experiences gained in the application of the first edition. This technical report
has also been harmonised with IEC/TR 61000-3-6 [18] and IEC/TR 61000-3-13 [19].

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
77A/576/DTR 77A/615/RVC

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

A lisf of all parts of the IEC 61000 series, under the general title Electromagnetic_ compatipility
(EMC), can be found on the IEC website.

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

The [committee has decided that the contents of this publication will ‘*emain unchanged |until
the maintenance result date indicated on the IEC web site under<'http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
* amended.

A biljngual version of this publication may be issued at a later date.
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INTRODUCTION

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

Part

G
D

Part

1: General

eneral considerations (introduction, fundamental principles)
efinitions, terminology

2: Environment

O
C

Qo

Part

Emission limits

Immunity limits
(ip so far as they do not fall under the responsibility of product’committees)

Part

1

Part

Part

Part

Each
or ag
as s
num

Measurement techniques

nstallation guidelines
Mitigation methods and devices

escription of the environment
lassification of the environment

ompatibility levels

3: Limits

4: Testing and measurement techniques

esting techniques

5: Installation and mitigation guidelines

6: Generic standards
9: Miscellaneous

part is further subdivided into several parts published either as International Stand
technical specifications or technical reports, some of which have already been publi
bctions. Others~will be published with the part number followed by a dash and a se
per identifying the subdivision (example: IEC 61000-6-1).

ards
shed
cond
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Disturbing Install
JWGE4-0 R

and
was

ations” was appointed in 2003. Some previous work produced by CI

initially published in 1996.

Subgequent endorsement of the document by IEC was the responsibility of SC-77A.

It m
prep
inter
obje

gy also be worthwhile mentioning that another CIGRE Working~Group is curr
aring a Technical Report for reviewing the flicker measurement results avai
hationally along with the flicker propagation characteristics in,systems and the re
ctives (flicker levels).
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This|part of IEC 61000 provides guidance on principles which can be used as the basi
detefmining the requirements for the connection of fluctuating installations to ,MV; HV
EHV| public power systems (LV installations are covered in other IEC documents). Fo

purp

add
emi

This|report addresses the allocation of the capacity of the system to absorb disturbanc

doe

systém can be increased.

Sincg the guidelines outlined in this report are\necessarily based on certain simpli

ass

61000-3-7 © IEC:2008(E) -9-
ELECTROMAGNETIC COMPATIBILITY (EMC) -
Part 3-7: Limits —

Assessment of emission limits for the connection of fluctuating
installations to MV, HV and EHV power systems

cope

ressing installations, this document is not intended to replac€ equipment standard
gsion limits.

g4 not address how to mitigate disturbances, nor does it address how the capacity o

umptions, there is no guarantee that thistapproach will always provide the opti

s for
and
r the

pses of this report, a fluctuating installation means an installation (which may be a logad or
a gegnerator) that produces voltage flicker and / or rapid voltage changes. The pri
objettive is to provide guidance to system operators or owners on,éngineering prac
which will facilitate the provision of adequate service quality for all cennhected customen

mary
fices
s. In
5 for

s. It
the

fying
mum

solufion for all flicker situations. The recommended approach should be used with flexipility

and
ass

The pystem operator or owner is reSponsible for specifying requirements for the connecti

fluc
cus

Pro

The [reportrgives guidance for the coordination of the flicker emissions between diff¢

volt

prim

engineering judgment as far as engdineering is concerned, when applying the d
gssment procedures in full or in part,

tyating installations to the systém. The fluctuating installation is to be understood as
tbmer’s complete installation/(i.e. including fluctuating and non fluctuating parts).

blems related to voltage fluctuations fall into two basic categories:

Hlicker effect framTight sources as a result of voltage fluctuations;

wul

apid voltage® changes even within the normal operational voltage tolerances
gonsidered@s a disturbing phenomenon.

iven

bn of
5 the

are

dagesdevels in order to meet the compatibility levels at the point of utilisation.

limitation of rapid voltage changes.

NOTE The boundaries between the various voltage levels may be different for different countries (see

IEV

601-01-28) [16]. This report uses the following terms for system voltage:
- low voltage (LV) refers to Un < 1 kV;

- medium voltage (MV) refers to 1 kV < Un < 35 kV;

- high voltage (HV) refers to 35 kV < Un < 230 kV;

- extra high voltage (EHV) refers to 230 kV < Un.

In the context of this report, the function of the system is more important than its nominal voltage. For example, a
HV system used for distribution may be given a "planning level" which is situated between those of MV and HV
systems.
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2 Normative references

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

IEC 60050(161), International Electrotechnical Vocabulary — Chapter 161: Electromagnetic
compatibility

3 Terms and definitions

For the purpose of this part of IEC 61000, the following definitions apply as Wwell ag the
definitions in IEC 60050(161).

3.1
agreled power
valu¢ of the apparent power of the disturbing installation on whichcthe customer ang the
systém operator or owner agree. In the case of several points of cénnection, a different value
may|be defined for each connection point

3.2
customer
a pefson, company or organization that operates an installation connected to, or entitled {o be
conrjected to, a supply system by a system operatororowner

3.3
(ele¢tromagnetic) disturbance
any | electromagnetic phenomenon which; by being present in the electromagpetic
environment, can cause electrical equipment to depart from its intended performance

3.4
disturbance level
the amount or magnitude of\an electromagnetic disturbance measured and evaluated|in a
spedified way

3.5
electromagnetic compatibility (EMC)
abilify of an equipment or system to function satisfactorily in its electromagnetic environinent
withgut introddeing intolerable electromagnetic disturbances to anything in that environmgnt

NOTH 1 Electromagnetic compatibility is a condition of the electromagnetic environment such that, for [every
phengmenon, the disturbance emission level is sufficiently low and immunity levels are sufficiently high so that all
devicgsyequipment and systems operate as intended.

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 disturbance
level at that location resulting from the cumulative emissions of all sources and other factors such as circuit
impedances. Conventionally, compatibility is said to exist if the probability of the departure from intended
performance is sufficiently low. See Clause 4 of IEC 61000-2-1 [20].

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

NOTE 4 Electromagnetic compatibility is a term used also to describe the field of study of the adverse
electromagnetic effects which devices, equipment and systems undergo from each other or from electromagnetic
phenomena.
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3.6

(electromagnetic) compatibility level

specified electromagnetic disturbance level used as a reference level in a specified
environment for coordination in the setting of emission and immunity limits

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

3.7

emission
phenomenon by which electromagnetic energy emanates from a source of electromagnetic
disturbance

[IEV]|161-01-08 modified]

NOTH For the purpose of this report, emission refers to phenomena or conducted electromagnetic disturbgnces
that cjan cause flicker or fluctuations of the supply voltage.

3.8
emigsion level
level of a given electromagnetic disturbance emitted from a particilar device, equipment,
systém or disturbing installation as a whole, assessed and measured in a specified manngr

3.9
emigsion limit
maximum emission level specified for a particular device, equipment, system or disturbing
instgllation as a whole

3.10
flickler
impression of unsteadiness of visual sensation induced by a light stimulus whose lumingnce
or spectral distribution fluctuates with time

NOTH Flicker is the effect on the incandescent lamps while the electromagnetic phenomenon causing it is
referrpd as voltage fluctuations.

3.1
flucfuating installation
an e|ectrical installation‘as‘a whole (i.e. including fluctuating and non-fluctuating parts) which
is characterized by repéated or sudden power fluctuations, or start-up or inrush currents
which can produce flicker or rapid voltage changes on the supply system to which|it is
conrjected

NOTH For the purpose of this report, all references to fluctuating installations not only include loads, bu} also
generating plants.

3.12

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 frequency of the
function itself.

3.13

generating plant

any equipment that produces electricity together with any directly connected or associated
equipment such as a unit transformer or converter
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3.14

immunity (to a disturbance)

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

3.15

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

3.16
interharmonic frequency
any frequency which is not an integer multiple of the fundamental frequency

NOTH 1 By extension from harmonic order, the interharmonic order is the ratio of the interharmonic frequency to
the fundamental frequency. This ratio is not an integer (recommended notation “m”).

NOTH 2 In the case where m < 1 the term subharmonic frequency may be used.

3.17
intetharmonic component
component having an interharmonic frequency. For brevity,.such a component may be
refenred to simply as an “interharmonic”

3.18
normal operating conditions
operpting conditions of the system or of the disturbing installation typically including all
gengration variations, load variations and reactive compensation or filter states (e.g. ghunt
capdcitor states), planned outages and arrangéments during maintenance and construgtion
worll, non-ideal operating conditions and noftmal contingencies under which the considered
systém or disturbing installation has been designed to operate

NOTH Normal system operating conditions \typically exclude: conditions arising as a result of a fault|or a
combl|nation of faults beyond that planned, for under the system security standard, exceptional situation$ and
unavqidable circumstances (for examplei-“force majeure, exceptional weather conditions and other nptural
disaslers, acts by public authorities, industrial actions), cases where system users significantly exceed| their
emisdion limits or do not complyswith the connection requirements, and temporary generation or dupply
arrangements adopted to maintain supply to customers during maintenance or construction work, where othgrwise
supply would be interrupted

3.19
planhing level
level of a particular disturbance in a particular environment, adopted as a reference valug for
the ljmits to(be set for the emissions from the installations in a particular system, in order to
coorfinatesthose limits with all the limits adopted for equipment and installations intend¢d to
be cpnnected to the power supply system

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

3.20

point of common coupling (PCC)

point in the public system which is electrically closest to the installation concerned and to
which other installations are or may 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.

3.21

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.

3.22
poin

t 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.

3.23

rapi
chan
coul

NOTH

3.24
shor
theo
at a

|l voltage changes
ges in fundamental frequency r.m.s. voltages over several cycles; rapid voltage.cha
| also be in the form of cyclic changes

Rapid voltage changes are often caused by start-ups, inrush currents or switching operation of equipn

t circuit power
retical value expressed in MVA of the initial symmetrical three=phase short-circuit p
point on the supply system. It is defined as the product of the: initial symmetrical s

circdit current, the nominal system voltage and the factor Y3(with the aperiodic compqg

(DC

3.25
spuf
a fee

3.26
all t

transg
conn

3.27

being neglected

der branch off a main feeder (typically applied @n MV and LV feeders)

supmly system

e lines, switchgear and transformers, operating at various voltages which make ug
mission systems and distribution systems to which customers’ installations
ected

system operator or owner

entit
seek

3.28

y responsible for making technical connection agreements with customers who
ing connection of lead or generation to a distribution or transmission system

tran
the

fer coefficient (influence coefficient)
lative leviel of disturbance that can be transferred between two busbars or two parts

power system for various operating conditions

3.29

nges

hent.

bwer
hort-
nent

the

are

are

of a

voltage fluctuations
a series of voltage changes or a cyclic variation of the voltage envelope

4 Basic EMC concepts related to voltage fluctuations

The

international flickermeter (see IEC 61000-4-15 [1])2 provides two quantities to
characterize the flicker severity: Pg; (“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 P
and/or Py, with P, typically being derived from groups of 12 consecutive Pg; values.

2 Figures in square brackets refer to the bibliography.
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(1)

Flicker emission levels are assessed at the point of evaluation (POE) of a fluctuating
installation (see Clause 6), at the MV, HV or EHV level in the context of this report. However,
it should be remembered that the background for limits is the possible annoyance to LV
customers, therefore flicker attenuation between LV, MV, HV and EHV should be considered
in assessing the impact of emissions.

It is
adaqg
limit
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The
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@ISO assumed In this report that the INckermeter and the associated severity 1aciorg
ted to the type of incandescent lamps in use (e.g.: 120 V or 230 V) so that thel
5 remain the same irrespective of the voltage of the lamps. This is important_bec
V lamps are less sensitive to voltage fluctuations than 230 V lamps (see Annéx A)
V lamps are even less sensitive.

development of emission limits for individual equipment or a customer’s total install
Id be based on the effect that these emissions will have on the ‘quality of the volf
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repr¢sent both time and space variations of disturbances. There is allowance for the fact
bystem operator or owner cannat*control all points of a system at all times. Theregffore,

the
eval
asse

The
IEC
with
dayl

Com

for evaluation at specific locations, they are defined inAerms of where they 3

ions, statistics), and how they are calculated. These goncepts are described here
llustrated in Figures 1 and 2. Definitions may be found«in~[EV 60050(161).

Compatibility levels

e are reference values (see Table 1) for coordinating the emission and immuni
bment which is part of, or supplied by, a supply system in order to ensure the EMC i
e system (including system and connectéd equipment). Compatibility levels are geng
d on the 95 % probability levels of entire systems, using statistical distributions w

hation with respect to compatibility levels should be made on a system-wide basis an
ssment method is provided.for*evaluation at a specific location.

compatibility levels for flicker in LV systems are reproduced in Table 1
51000-2-2 [2]. In some cases, higher values have been reported without a correl
complaints. In these'cases, measurements were possibly made at EHV/HV levels, d
ght hours, or for other reasons. Additional information is available in reference [3].

patibility levels are not defined by IEC for MV, HV and EHV systems.

Table 1 — Compatibility levels for flicker in low voltage systems
reproduced from IEC 61000-2-2
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4.2
4.2.1

Compatibility
levels
P 1,0
P 0,8

Planning levels

Indicative values of planning levels

These are voltage flicker levels that can be used for the purpose of determining emission
limits, taking into consideration all fluctuating installations. Planning levels are specified by
the system operator or owner for all system voltage levels and can be considered as internal
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quality objectives of the system operator or owner and may be made available to individual
customers on request. Planning levels should allow coordination of voltage fluctuations
between different voltage levels. It is worth noting that at HV and EHV, coordination of flicker
levels can still be achieved while considering the attenuation of flicker due to motor loads and
generators connected downstream which have a steadying influence on voltages and can
reduce flicker perception.

Only indicative values may be given because planning levels will differ from case to case,
depending on system structure and circumstances. Indicative values of planning levels for
flicker are shown in Table 2.

Table 2 — Indicative values of planning levels for flicker
in MV, HV and EHV power systems

Planning levels
(see NOTE 2)

MV HV-EHV
P 0,9 0,8
Pt 0,7 0,6

NOTH 1 These values were chosen on the assumption that the transfer\coefficient between MV or HV systems
and LV systems is unity.

NOTH 2 In practice, the transfer coefficients between different voltage levels are less than 1,0. This can be [taken
into gccount when establishing new planning levels. For example, a typical value for the transfer coefficient
betwden HV and LV is Tpgy = 0,8. In such a case; the indicative planning level for HV bedomes
Lpstny = 0,8/0,8 = 1,0.

NOTH 3 In some countries, planning levels are defined<n national standards or guidelines.

NOTH 4 Voltage characteristics that are quasi-guaranteed levels exist in some countries for MV and HV sydtems.
Thesgs should be coordinated with the planninglevels [3].

As stated in NOTE 2, for the purpose of setting emission limits, it is recommended to wgight
the piven planning levels at. .MV and HV-EHV by taking into account the flicker trapsfer
coefficient from the source( of emissions to the POE at EHV, HV, MV and LV. In addjtion,
planping levels must allow.coordination between different voltage levels. To enable this| the
system operator or owner*has to evaluate the flicker transfer coefficients for various opergating
conditions of the system. Further discussion of the assessment of flicker transfer coefficjents

-~

is given in AnnexB"ef this report. Reallocation of planning levels is exemplified in Annex C.

Where natignal circumstances make it appropriate depending on system characterigtics,
intermedijate>values of planning levels may be needed between the MV and HV EHV values
due fo _thepossibly wide range of voltage levels included in HV-EHV (>35 kV). Additionally, an
appqrtioning of planning levels between HV and EHV may also be necessary to take acqount
of the impact on HV systems of disturbing installations connected at EHV.

The remainder of this report outlines procedures for using these planning levels to establish
the emission limits for individual fluctuating installations.

4.2.2 Assessment procedure for evaluation against planning levels

The measurement methods to be used for flicker is the class A method specified in
IEC 61000-4-30 [4] and the related IEC 61000-4-15 [1]. The data flagged in accordance with
IEC 61000-4-30 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.
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The minimum measurement period is one week with normal business activity. The monitoring
period should include some part of the period of expected maximum flicker levels.

One or more of the following indices may be used to compare the actual flicker levels with the
planning levels. More than one 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 during bursts
or start-up conditions.

— The 95 % probability weekly value of Pg;.

— The 99 % probability weekly value of Pg;.

The
may

It is recommended that each new P value be incorporated in a revised Py calculation using-a {

sing of P outputs from a flickermeter.

95 % probability value should not exceed the planning level. The 99(%-probability v
exceed the planning level by a factor (for example: 1 to 1,5) to\be specified by

system operator or owner, depending on the system and load charactéristics.

NOTEH
typicq

Comparing 99 % to 95 % percentiles may be useful. If the ratio between*them is greater than 1,3 (|
| of a single arc furnace installation) one should investigate the,reason for the discrepancy. Po

abnormal results (e.g. due to voltage dips or other transients) should then.b€ eliminated.
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lllustration of EMC concepts

basic concepts of planning and compatibility levels are illustrated in Figure 1
e 2. They are intended to emphasize the most important relationships between the §
bles.

n an entire power system it is inevitable that some level of interference will occu
b occasions, hence there is a risk-of overlapping between the distributions of disturb
s and immunity levels (see Figure'1). Planning levels are generally equal to or lower

allow planning levels at HV\"and EHV to be higher while still achieving coordination
ompatibility levels thatcapply at LV); they are specified by the system operator or oy
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liding
This
post-

alue
the

1,3 is
Esible

and
asic

r on
ance
than

ompatibility level (for flicker, 'the transfer characteristics between different voltage lg¢vels

with
ner.
veen



https://iecnorm.com/api/?name=bf627cbe196382e94b1f7fdc897176e4

TR 61000-3-7 © IEC:2008(E)

- 17 -

A Compatibility level
Immunity
Planning | test
levels levels
Probability /\ /\
density
Equipment
System immunity
disturbance level
level
—
Disturbance level
IEC 091/08
Figure 1 — lllustration of basic voltage quality concepts with time(

Compatibility level <
Planning
level

Assessed l
level

location statistics covering the whole system

Probability ¥
density

Site Local

disturbance 9qU|pment

level immunity

level
Disturbance evel
IEC 092/08
Figure 2 - lllustration of basic voltage quality concepts with time

statistics relevant'fo one site within the whole system

As illustrated in Figure 2, the probability distributions of disturbance and immunity levells at

any pne site are normally patrower than those in the whole power system, so that at
locafions there is little or~no overlap of disturbance and immunity level distribut
Interference is therefaré. not generally a major concern, and equipment is anticipatg

most
ons.
d to

function satisfactorily. Electromagnetic compatibility is therefore more probable than Figure 1

appsgars to suggestt

4.4 | Emissionlevels

The [coordination approach recommended in this report relies on individual emission Ig¢vels

being derived from the planning levels. For this reason, the same indices are applied

whemn—-evaluating actual measurements against the emission limits and against the plad

levels as described in the following text.

both

Ining

One or more of the following indices can be used to compare the actual emission level with
the customer’s emission limit. More than one index may be needed in order to assess the
impact of higher emission levels allowed for short periods of time such as during bursts or

start-up conditions.

— The 95 % probability weekly value of Pyy; should not exceed the emission limit Epgy;.

— The 99 % probability weekly value of Pg; may exceed the emission limit Epg; by a factor
(for example: 1 to 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 Ep;.
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In order to compare the level of flicker emissions from a customer’s installation with the
emission limits, the minimum measurement period should be one week. However, shorter
measurement periods might be needed for assessing emissions under specific conditions.
Such shorter periods should represent the expected operation over the longer assessment
period (i.e. a week). In any case, the measurement period must be of sufficient duration to
capture the highest level of flicker emissions which is expected to occur. If the flicker level is
dominated by one large item of equipment, the period should be sufficient to capture at least
two complete operating cycles of this equipment. If the flicker level is caused by the
summation of several items of equipment, the period should be at least one operating shift.

Where significant the following factors should also be taken into account:

. ffect of compensating equipment;

e gapacitor banks within the installation with possible amplification of ‘low ¢rder
interharmonics that can cause flicker.

The measurement methods to be used are IEC 61000-4-15 [1] and the Class)A measurement
method defined in IEC 61000-4-30 [4] for flicker (for rapid voltage changes see Clause|10).
The [data flagged in accordance with the latter standard should~be removed from| the
assgssment. For clarity, where data is flagged the percentile usedyin-calculating the indices
defined in this report is calculated using only the valid (unflagged)‘data.

The emission level from a fluctuating installation is the flickerdevel assessed according t¢ the
subdlauses of Clause 6.

5 GGeneral principles

The [proposed approach for setting emission Jimits of fluctuating installations depends on the
agreed power of the customer, the power of(the flicker-generating equipment, and the system
charpcteristics. The objective is to limit.the flicker injection from the total of all fluctugating
instdllations to levels that will not resultiin flicker levels that exceed the planning levels (tgking
into consideration the transfer coefficient, where applicable). Three stages of evaluation are
defirled, which may be used in sequence or independently.

5.1 | Stage 1: simplified evaluation of disturbance emission

It is generally acceptahle.for customers to install small appliances without specific evaluation
of flicker emission by the system operator or owner. Manufacturers of such applianceg are
gengrally responsible for limiting the emissions. For instance, |EC 61000-3-3| [5],
IEC p1000-3-5 [6]»and 61000-3-11 [7] are product family standards which define fljcker
emigsion limits’~for equipment connected to public LV systems. There are currently no
emigsion standards for MV equipment for the following reasons:

e medium voltage varies between 1 kV and 35 kV;

e noU TEfETENCE TMpedance as beem imtermatiomatty defimedfor medium-vottage SystenTs.

Even without a reference impedance, it is possible to define criteria for quasi-automatic
acceptance of customers on the MV system (and even HV system). If the total fluctuating
power of the installation, or the customer’s agreed power, is small relative to the short-circuit
power at the point of evaluation, it should not be necessary to carry out detailed evaluation of
flicker emission levels.

In 8.1 and 9.1, specific criteria are developed for applying stage 1 evaluation.

5.2 Stage 2: emission limits relative to actual system characteristics

If an installation does not meet stage 1 criteria, the specific characteristics of the flicker
generating equipment within the customer’s installation should be evaluated together with the
absorption capacity of the system. The absorption capacity of the system is derived from the
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planning levels and is apportioned to individual customers according to their demand with
respect to the total system supply capacity. The disturbance level transferred from upstream
voltage systems should also be considered when apportioning the planning levels to
individual customers.

The principle of this approach is that, if the system is fully utilised to its designed capacity and
all customers are injecting up to their individual limits, the total disturbance levels will be
equal to the planning levels taking into account transfer factors between different voltage
levels and the summation effect of various flicker producing equipment. The procedure for
apportioning the planning levels to individual customers is outlined in 8.2 and 9.2.

NOTH If the capacity of the system increases in future the emission levels of individual customers should-bgcome
lower| It is important therefore, where possible, to consider future expansions of the system.

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

Under some circumstances, a customer may require acceptance to emit disturbances beyond
the basic limits allowed in stage 2. In such a situation, the customer and-the system opefator
or oiwner may agree on special conditions that facilitate the connection of the fluctugating
instdllation. A careful study of the actual and future system characteristics will need tp be
carripd out in order to determine these special conditions.

NOTH Emission limits obtained from the application of the methods recommended in Clauses 8 and P are
intended to keep flicker levels below the planning levels. The applicationcof*other methods recommended in {lause
10 is ntended to limit the magnitude of rapid voltage changes.

5.4 | Responsibilities

In thHe context of this report from the EMC point of view, the following responsibilitieq are
defired.

-4 The customer is responsible for-tnaintaining his emissions at the specified point of
evaluation below the limits specified by the system operator or owner.

- The system operator or owher is responsible for the overall coordination of emigsion
levels under normal operating conditions in accordance with regional or natjonal
requirements. For evaludtion purposes the system operator or owner should, where
required, provide relevant system data such as the system short-circuit power or
impedance and existing flicker levels. The evaluation procedure is designed in sych a
way that the flicker emissions from all fluctuating installations do not cause the oyerall
system flicker tevels to exceed the planning and compatibility levels. However, given
local conditions and the assumptions that are necessary in this evaluation procedure
there is'mo guarantee that the recommended approach will always avoid exceeding the
levels.

-4 Finally, the system operator or owner and customers should cooperate Wwhen
necessary in the identification of the optimum method to reduce emissions. The dgsign

and chaoice of methaod for such reduction are the rnepnncihilify of the customer

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 customer’s
installation are assessed for compliance with the emission limits. This is also a point within
the considered power system at which the planning levels are defined. This point could be the
point of connection (POC) or the point of common coupling (PCC) of the disturbing installation
or any other point specified by the system operator or owner or agreed upon. More than one
point of evaluation may also be specified for a given customer’s installation depending on the
system structure and characteristics of the installation; in this case, the evaluation should be
made considering the system characteristics and agreed powers applicable to the different
points of evaluation.
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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 Depending on the location of the point of common coupling compared to the point of connection of the
fluctuating installation, the flicker level might be higher at the latter.

NOTE 3 It should be remembered that as voltage characteristics or contracted limits generally apply at the point
of connection, these should be taken into account in discussions between parties.

6.2 Definition of flicker emission level

The emission level from an installation into the power system is the magnitude of flicker which
the considered installation gives rise at the point of evaluation (POE). The emission level is
requjred to be less than the emission [imit assessed according to the relevant clauses-in] this
docyment.

6.3 | Assessment of flicker emission levels

It is [recommended that the emission levels be assessed under normal op€rating conditjons,
unlegs otherwise specified. The assessment of flicker emission levels from fluctuating
instgllations should consider the worst normal operating conditions including contingencigs for
which the system or the customer’s installation is designed to operate-and that may last for a
spedified percentage of the time, e.g. more than 5 % of time based on a statistical avefage.
Additionally, for large installations compared to the system size~(eX.: S;./S; <30; note that the
ratio|of 30 can be adjusted to meet particular conditions), it may also be necessary to asjsess
emigsion levels for occasional operating conditions lasting less than 5 % of the fime.
Howgver, higher emission limits may be allowed under such occasional conditions or duiring
starttup or burst conditions (for example: 1 to 1,5~times, to be specified by the sygtem
operptor or owner, depending on the system and instalfation characteristics).

Oth4gr details on the assessment of the emission.tevels in the power supply of industrial p|lants
may|be found in another IEC publication [8].

Meagurement of flicker emission level;is also possible. For situations where the flicker
bacKground level is relatively low (Pst < 0,5), two sets of measurement should be perfofmed
in the following conditions:

- with the fluctuating installation and any compensating equipment of the custpmer
connected;

- with the fluctuating installation and any compensating equipment of the custpmer
disconnected.

The [second measured flicker value should be subtracted from the first one by using the
recommendedisummation law (see Clause 7).

For pituations where the existing Py, level at the POE is higher than 0,5, a more refined
methoddshould be used. Correlation between the fluctuating current and the observed voltage
ﬂuCtJd‘l;UIIO mray bU UDUd tU dCtCIIII;IIU thU UIII;OO;UII :UVU: Uf [=] paltibu:al f:uutuat;uu cquip ent

or installation. Other methods are possible and some applications are discussed in Annex E.

In practice, the emission levels are generally predicted by making a pre-connection study from
the available data concerning the installation and the system. Simplified and advanced
methods for predicting flicker severity are given in this report in Annex E. Simplified methods
which may be used for easily-defined fluctuations (e.g., step changes, ramp changes, etc.)
are based on the “Pg = 1 curve” in Annex A and shape factor curves given in Annex E.
Advanced techniques which are more suitable for arcing and randomly-fluctuating installations
are based on system and end-use equipment characteristics (including compensation and
mitigation equipment) and flickermeter simulation.

For post-connection assessments, direct measurements of flicker are often sufficient but
might not be in full agreement with predictions made during the pre-connection assessment. If
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measurements are made at some other point, it is necessary to transpose measurement
results to the point of evaluation (POE) carefully considering the possible influence of the
actual system impedance compared to the declared impedance.

6.4 Declared system short circuit power or impedance

Information on the system short-circuit power or the declared impedance is a prerequisite
both for the system operator or owner for assessing emission limits and for the customer in
order to assess the emission levels of the considered installation. The declared short-circuit
power or impedance is used in two different ways:

6.4.1 Short-circuit power or impedance for pre-connection assessment of emissi¢n
levels

For gnabling a pre-connection assessment of the flicker emission levels for large.fluctuating
instgllations in particular, the short-circuit power or the impedance at the point’of evalugtion
can |be obtained by simulation for various system operating conditions™(including fliture
conditions). It is important that the phase angle information is providedyJas the fluctuating
component of an installation may be different combinations of real and.reactive power.

6.4.2 Short-circuit power or impedance for assessing actual emission levels

For jassessing the actual emission levels from a given fldetuating installation, the agtual
impgdance can be measured or calculated for use in ‘combination with other measured
parameters in order to assess the actual emission levels.

6.5 | General guidelines for assessing the declared system impedance

It is [important to consider that the impedance ‘of'the system may vary significantly with|time
and fhat it may be frequency dependent. As.for the assessment of emission levels (seg€| first
paragraph of 6.3), the determination of the-system impedance should consider the différent
normal operating conditions including-system abnormal operating conditions where these
situgtions may last for a specified portion of the time, e.g. more than 5 % of time based jon a
statistical average. Known or foreseeable future system changes should be included| For
moreg details, see Annex E, E.3.4,.

7 General summation law

A ggeneral combination relationship for short-term flicker severity caused by vafious
instgllations has been found in the following form, where Pg; are the various individual I¢vels

of flicker severitysto be combined:
P =§2 P’ (2)

NOTE The same equation can be used for the long term flicker index Py,

where

P is the magnitude of the resulting short term flicker level for the considered aggregation

of flicker sources (probabilistic value),

st

P

a is an exponent that depends on various factors discussed below.

sti IS the magnitude of the various flicker sources or emission levels to be combined,

In general, a value of o = 3 (“cubic summation law”) has been largely used for years and is
recommended for P (or P;;) summation provided that additional information is not available to
justify a different value. See Annex D for a discussion of an equivalent severity factor which
may simplify the calculations in some cases.
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Pst = 3\{Zipsti3 (3)
Py =3 Py (4)

Early studies based on multiple arc furnaces and using weekly Py values showed that the
value of the exponent o depends on the characteristics of the main source of fluctuation. In
general, the exponent decreases as the likelihood of simultaneous fluctuations increases and
the following recommendations can be made when additional information is available:

- = 4: should be used for the summation of flicker when simultaneous fluctuations are|very
nlikely (e.g., specific equipment controls are installed so as to prevent simultangous
fluctuations);

- = 3: should be used for most types of flicker sources where the risk of caintident voltage
hanges is small. The majority of studies combining unrelated disturbances fall intg this
ategory and it is recommended for general use;

- = 2: should be used where coincident fluctuations are likely téroccur (e.g., coinc|dent
elts on arc furnaces);

- = 1: should be used when there is a very high occurrence~of coincident voltage chahges
(f.g., when multiple motors are started at the same time).

Recgnt studies have shown that the summation law which best fits measurement repults
depgnds on both the degree of coincidence in the voltage changes and the Py, percgntile
which is used for the evaluation and also on the equipment technologies involved in producing
the Joltage fluctuations. For additional informationy, see [15].

8 Emission limits for fluctuating installations connected to MV systems

8.1 | Stage 1: simplified evaluation of disturbance emission

In stage 1, the connection of smallninstallations with only a limited amount of fluctuating ppwer
can |be accepted without detailed evaluation of the emission characteristics or the sypply
systém response.

NOTH For LV equipment, See‘IEC 61000-3-3 [5] (input current < 16A/phase) or IEC 61000-3-11 [7] (input clrrent
< 75A/phase).

The connection ofta fluctuating installation can be accepted without further analysis if the [ratio
of apparent_power variations AS to the system short circuit power Sy, expressed as
percentages;. dre within the following limits at the POE. These limits depend on the numper r
of voltage changes per minute (a voltage drop followed by a recovery means two voltage
changes);

Table 3 — Stage 1 limits for the relative changes in power
as a function of the number of changes per minute

r K=(AS I S,_.) mar
min~! %
r> 200 0,1

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

NOTE The apparent power variations AS may be lower, equal or higher than the rated power Sy of the considered
equipment (e.g. for a motor, account should be taken of the apparent power at starting and it may be AS = 3-8 Sy).
Ssc may be calculated (or measured) for the specific point of evaluation, or may be estimated for typical MV system
with similar characteristics to that under consideration.
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8.2 Stage 2: emission limits relative to actual system characteristics

Considering the actual absorption capacity of the system, in particular taking into account the
transfer factor, higher emissions than those according to stage 1 criteria may be granted.

In this stage, the allowable global contribution to the overall level of disturbance is
apportioned to each individual installation in accordance with its share of the total capacity of
the supply system (S;) to which this installation is connected. This ensures that the
disturbance level due to the emissions of all customers connected to the system will not
exceed the planning level.

NOTH The following procedure may be completed using real power, P, in place of apparent power, S.

The ppproach presented hereafter assumes that propagation of flicker disturbances.ina radial
power system follows quite simple laws.
-4 The approach is based on the general summation law given in Clause. 7:

-4 The flicker values present at a given voltage level will be transferred downstream|with
some attenuation (transfer coefficient somewhat lower than 1, €.9.°0,8).

- Due to the increase of short circuit power with that of voltage level and to thg low
coincidence of voltage changes, flicker contributions from" lower to higher voltage
systems can be considered practically negligible in most situations.

8.2.1 Global emission to be shared between the customers

Congider a typical MV system as illustrated in Figure 3. The aim is to set emission limits at
MV.

HV or MV (Lesws)
upstream
system
TPstUM
S
MV : (Lpstmv)

| Geamv <

SMV =St'SLV

LV
S In the case of flicker, it is assumed
LV

here that LV fluctuating installations
have a negligible impact on MV

IEC 103/08

Figure 3 — Example of a system for sharing global contributions at MV

Firstly, an application of Equation (2) is necessary to determine the global contribution of all
flicker sources present in a particular system. Indeed, the actual flicker level in a MV system
results from the combination of the flicker level coming from the upstream (note that upstream
system may be a HV or another MV system for which intermediate planning levels have been
set before) with the flicker level produced by all fluctuating installations connected to the
considered MV system, including LV fluctuating installations. However, as already mentioned
in 8.2, it can generally be assumed that LV fluctuating installations only have a negligible
impact on MV systems flicker levels. So the flicker level should not exceed the planning level
of the MV system given by:
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Lpstav = ({‘/G gstMV + Tpgum  Lpstus (5)
where
Gpstmv is the maximum global contribution to the flicker level of all the MV fluctuating
installations that can be connected to the considered system (expressed in terms
of Pgor Py);
Lpstmv is the planning level for flicker (indices Pg; or Py) in the MV system;
Lpstus is the planning level for flicker in the upstream system (for reasons explained

between MV and HV-EHV; this is why the general term of upstream-sygtem
planning level is used);
Testim is the transfer coefficient of flicker (Pg; or P\;) from the upstream systém“to th¢ MV
system (it could be determined by simulation or measurements, see-Annex B)
o is the summation law exponent, commonly equal to 3 (see Clause’7).
By algebraic manipulation, the global contribution for MV fluctuating“installations cap be
detefmined for Pg; or similarly for P, from Equation 5.
Gpstmy = %/L%stMV — Tesum *Lpstys (6)
Examples are given in Annex C for reallocating global contributions considering transfer
coefficients.
8.2.2 Individual emission limits
For feach customer, only a fraction of the“global emission limit Gpgy,y will be allowed.
A regasonable approach is to take the ratio between the agreed power S, and the total sypply
capdcity S; of the MV system, where) S; may be taken as the capacity of the HVY-MV
trangformer or as the total downstream load, with a provision for possible future load grgwth.
Such a criterion is related to the fact that the agreed power of a customer is often linked|with
the qustomer’s share in the investment costs of the power system.
Using the recommended ‘summation laws (Equations (3) and (4)), the individual emigsion
limit$ (Epg; and Epy;) aresthen given by (7) and (8) where o = 3 is commonly used:
f S.
Eo.. =G B P E— 7
Psti PstMV (St _SLV) ( )
S
Epr = Gy - 9 . (8)

(ST=Sv)

where

Epsti» Epi

Gpstmv: Gpitmy

S; = (P;/cos ¢))

St

are the flicker emission limits for the customer’s installation i directly
supplied at MV,

are the maximum global contributions to the flicker levels of all the MV
fluctuating installations that can be connected to the considered system as
given by Equations 5 and 6 (expressed in terms of P or P} ),

is the agreed power of the customer’s installation i, or the MVA rating of the
considered fluctuating installation (either load or generation),

is the total supply capacity of the considered system including provision for
future load growth (in principle, S; is the sum of the capacity allocations of
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Spv

o

all installations including that of downstream installations that are or can be
connected to the considered system, taking diversity into consideration). S;
might also include the contribution from dispersed generation, however,
more detailed consideration will be required to determine its firm
contribution to S; and its effective contribution to the short-circuit power as
well,

is the total power of the installations supplied directly at LV in the

considered system including provision for future load growth,

is the summation law exponent (see Clause 7).

NOTE__ln some cases dispersed generation may actually be a source of voltage fluctuations and shou

accoynted for accordingly.

It may happen at some locations that the pre-existing flicker level is higher than /the ng
sharg for existing installations. In this case, the emission limits for new installations cou
reduced or a reallocation of the planning levels between the different voltage-levels cou
conglidered, or the system flicker absorption capacity could be increased.

For

customers having a low agreed power, this approach may ~yield impractically

limitations. Emission limits shall then be set at values given in Table-4.

8.3

Table 4 — Minimum emission limits attMV

EPsti EPlti
0,35 0,25

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

Und¢r some circumstances, the system“operator or owner may accept a fluctu
instdllation to emit disturbances beyond-the basic limits allowed in stage 2. This is espe

the
cha

¢ase when stage 2 limits are genéric limits derived using typical but conservative sy
racteristics. The following factars may leave a margin on the system for allowing h

emigsion limits, for example:

$ome customer installations do not produce significant flicker because they do not
fluctuating equipment -of significant size. Therefore some of the available fl
gbsorption capacity of the system may not be utilized for a period of time.

The general summation law may be too conservative, for instance, it may happen
dome fluctuating installations never operate simultaneously, due to system or
gonstraints.

Ih some.Tcases, higher global contributions may be defined after reallocation of
plapning levels between MV and HV-EHV systems (see Annex C), to take account of
phenomena such as special attenuation effects or the absence of fluctuating installa

Id be

rmal
d be
d be

low

ating
cially
stem
gher

have
cker

that
load

the
ocal
ions

at a certain voltage level.

In some cases, a disturbing installation may comply with its emission limits in normal

system configurations, while exceeding the stage 2 emission limits only occasio

nally

under degraded configurations (e.g., when a nearby generation plant is out of service).

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 always be carried out,
taking account of the pre-existing flicker level and of the expected contribution from the
considered installation for different possible operating conditions. Acceptance of higher than
normal emission limits may be given to customers only on a conditional basis and limitations
may be specified by the system operator or owner, for instance:

Temporary stage 3 limits apply for
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— As long as spare supply capacity remains available in the system for allowing more

emissions;

— As long as most other customers do not make full use of their normal stage 2 emission

limits;

— The time needed for a new installation, in order to implement additional corrective

measures whenever needed.

e Reduced or non-operation of the fluctuating installations for some supply system or
customer configurations.

8.4

Summary diagram of the evaluation procedure

An dverview of the evaluation procedure presented so far in this report is given in Figufre 4.

The

evaluation procedure is equally applicable to P, and Py,.
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SYSTEM OPERATOR OR OWNER CUSTOMER
Determine the planning levels Agreed Power S;
Lsst and define the relevant and
system characteristics Fluctuation Rate r
STAGE 1 v
Acceptance—)«¢ = ASi /sscS K%
~————— - K depends on rate, ¢
STAGE 2
Assess acceptable global NO
»| contribution to the
considered system Gps
v
Determine emission limit for o Assess emission level of
installation i, Eps; A installation i, Py

v

Provide relevant system
characteristics to enable

assessment of emission levels

YES:

NO

v

Take additional corrective
measures to reduce emission
levels

NO

CTI\{‘E 2
AR~

Conduct detailed system studies

to determine stage 3 limits and
conditions

A

Figure 4 — Diagram of evaluation

A

Apply for stage 3 assessment

IEC 104/08

procedure
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9 Emission limits for fluctuating installations connected to HV or EHV systems
9.1 Stage 1: simplified evaluation of disturbance emission

The same criteria for connection at stage 1 given in 8.1 can be used at HV-EHV.

9.2 Stage 2: emission limits relative to actual system characteristics

The approach is basically the same as for MV users (see 8.2). However, in the particular case
of HV or EHV fluctuating installations, the share of the global disturbance level between each
user should be based on the total power available for all HV or EHV fluctuating installations
and pot-to-the total eupply r‘apar‘ify of the eyefnm Inr'{nnrl’ it-has been mentioned I|;\|r'ﬂ\/ir\u3|y
that fthe contribution of MV and LV fluctuating installations to the flicker level at HV_or|EHV
can pe neglected; therefore MV and LV installations need not be included in the determination
of the total supply capacity for allowing flicker emissions at HV-EHV.

9.2.1 Assessment of the total available power

Calling S; the apparent power of installation i and S;yy (Signy) the total)power availablg for
HV (EHV) users at the point of evaluation (POE), the S;/S;yy (Si/Sgeny) ratio is the basic
quantity for the determination of the emission limits following the stage 2 procedure.

9.211 First approximation

Assgssing S; is much more difficult in HV and EHV systems than for the MV case.|The
suggdested approach is the following: when consideringsthe case of an installation conngcted
at al|given HV or EHV substation, the basic information is the forecast of power flows taking
accdunt of the system evolution in the future:

Sout Sin
Sin—] — Si,
4

Sin _— — Sout
Sout Sout

IEC 105/08

Figure 5 — Determination of S; for a simple HV or EHV system

The pssessment is simply:

St - Z Sout (9)
where

S, in this case is an approximation of the total power of all installations for which emission
limits are to be allocated to in the foreseeable future. In this case it is
estimated as the sum of the power flows (in MVA) leaving the considered
HV-EHV busbar (including provision for future load growth).

This first approximation of S; is intended to remain conservative. The more detailed second
approximation is recommended where such conservative assumptions lead to unrealistic
emission limits.

NOTE This first approximation assumes that flicker emissions caused by installations connected at other
connected busbars directly impact the considered busbar (i.e. the influence factors used in the second
approximation is unity).
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9.2.1.2 Second approximation

The simple first approach may not be correct if important fluctuating installations are present
or are likely to be connected in the vicinity of the considered substation. In case of doubt, it is

reco

Calli
first

At t
influ
unit)
com

An g
som
coef
and

are the corresponding voltages without the applied load present.

NOTH
circui
being

genefating plants, the dependencies may‘become significant for frequencies below the fundamental.

A more rigorous method, based on typical short-circuit analysis data and techniques, is g

in An

For this second approximation, Equation (9) will be replaced by (or similarly for S;gpy):

addi
com

whill ignoring all power flows S, between two of these nodes.

mmended to proceed as follows:

I
i

IEC 106/08
Figure 6 — Determination of S; for a meshed HV or EHV system

ng "1" the considered node and "2", "3" , etc. the other nodes located in.the vicinity g
one, the values of Siy4, Siqy2, StHys. - - Will be calculated according to Equation

e power frequency, the influence coefficients K, 4, Kz 4A.% will be calculated
ence coefficient K, is the voltage change which is caused at node m when a 1 p.u.
voltage change is applied at node n; the calculation of K¢, usually requires the use
buter program).

Iternative approach is based on applying a load~(or a three-phase short-circuit thr
b impedance) at bus n and noting the voltages at buses m and n. The influ

icient can then be defined between buses mand n as K,,_,=(U,,-U.,°)/(U,-U,,°) wher
U, are the voltages at buses m and n with‘the applied load present at n and Umo ang

The influence coefficients obtained in thissmanner may be sensitive to the power factor of the load or
applied and the load connected in the,simulation should closely represent the characteristics of thq
assessed. Also note that influence coefficients are frequency dependent and in some cases, particularly

nex F.

Stnv = Strv1 + (Kooq) * Sipya + (K3.4)* Sypya + - -

g (Kiim) * Sipyvn terms (a=3 is commonly used) as long as they remain significar

f the
(9),

(the

(per
of a

bugh
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Uy,

short-
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near
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(99

t as

bared to Sypyy/4-

9.2.2 Individual emission limits

Taking account of the recommended summation law (Equations (3) and (4)) the individual

emis

sion limits (Epg; and Epyy;) are then given by (10) through (13):

S.
E... =G . /_'
Psti PstHV " {1 StHV

[ S.

Epsti = GPstEHV Y S '
tEHV

(10)

(11)
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f S.
Epii = Gpitmv 'O‘S—' (12)
tHV
[s
Epii = Gpienv - ¢ S ' (13)
tEHV
where
Epsti» Epi are the flicker emission limits for installation i,
Gpsthv(eEHV) OF GpitHyv(EHV) IS the maximum global contribution to the flicker level (P o6H;) of
all fluctuating installations that can be connected to the censidered
HV (or EHV) system (see Equation 14),
S; = P, /cosg, is the agreed apparent power of installation i,
Sinv[or Stenv is the part of the total supply capacity of the HV_6rnEHV considered
system which is devoted to the HV or EKV“installations |(see
Equation 9 or 9’).
a is the summation law exponent, caommonly equal to 3 [(see
Clause 7).
The [determination of the global contributions (Gpgiyy or enya@nd the share of planning lgvels
between different parts of a HV or EHV system requires a-Classical study to be carried oyt for
evalyating the effects of the different fluctuating installations taking into account the evolltion

of the EHV/HV system configuration, load distribution_ and expected percentage of fluctu

instg
fluct

llations. In any case, the combined flicker “¢ontributions allocated to HV and
lating installations should be such as {e° meet the planning levels taking

consjideration the transfer coefficient from EHV t0 HV (Tpgeny-nv). That is to say (14) ap

whel

e o = 3 is commonly used.

alRo o o
\/G PstHy T TPstEHV -HV G PstEHV <L Pst HV

It m
shar

y happen that at some .Igcations the pre-existing flicker level is higher than the ndg
for existing installations: In this case, the emission limits for new installations cou

reduced or a reallocation of the planning levels between the different voltage levels cou
conslidered, or the system flicker absorption capacity could be increased.

For

customers _having a low agreed power, this approach may yield impractically

limitations. Emission limits shall then be set at values given in Table 5.

Table 5 — Minimum emission limits at HV-EHV

ating
EHV

into
plies

(14)

rmal
d be
d be

low

9.3

PstT PitT

0,35 0,25

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

The considerations presented in 8.3 apply equally to stage 3 at HV-EHV.
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10

101

Rapid voltage changes

General considerations

The visual discomfort due to light flicker is the most frequent reason to limit voltage changes
due to fluctuating installations. However, system operators or owners have to maintain the
voltage magnitude within narrow limits and individual customers should not produce
significant voltage variations even if they are tolerable from the flicker point of view. In the
context of this report, rapid voltage changes are considered to be changes in fundamental
frequency r.m.s. voltages over several cycles.

Figu

A simple assessment of the relative voltage change may be done as follows (see€

re 7, Figure 8 and Figure 9):
I=1, =l
ZL = RL +jXL
ZL | Uo
YUs Load U I*Z,
U |
(a) Equivalent circuit (b) Vector diagram

IEC 107/08

Figure 7 — Equivalent circuit and“vector diagram for simple assessments

102,0

AU

Voltage U (%)

9510 T T T T T T T 1
0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00
Time (s)

IEC 108/08

Figure 8 — Example rapid voltage change associated with motor starting

(15)

(16)
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105,0

AU

Voltage U (%)

(e}2H0!}

For s

10.2

0 10 20 30 40 50 60
Time (s)
IEC 109/08

Figure 9 — Example rapid voltage change associated with capacitor switching
ingle-phase and symmetrical three-phase loads:
AU = Al -R| + Al - X,

Compatibility level

Under normal circumstances, the value of rapid voltage changes is limited to 3 % of nor

supp
infre

NOTH
chang

Prac

ly voltage in MV systems. However, rapid voltage changes exceeding 3 % can ¢
quently on MV public supply systems, see IEC 64000-2-12 [9].

Current practice in many companies is that the value of 3 % corresponds in general to rapid v
es that may occur twice per hour or more.

tically, the coincidence of occurrencé of several rapid voltage changes presents a

(17)

ninal
ccur

Iltage

very

low probability. For this reason no summation laws are taken into account. Because of the low

frequ

10.3

Thes
takin
leve

ava
plan

ency of occurrence, statistical indices are not considered.

Planning levels

e are disturbance levels'that can be used for the purpose of determining emission li
g into consideratientall installations which may cause rapid voltage changes. Plarn

able to individual customers on request. Only indicative values may be given bec
ning levels—~ will differ from case to case, depending on system structure

circymstances.

Mmits,
ning

s are specified by the system operator or owner for all system voltage levels and cgn be
consiidered as internal quality objectives of the system operator or owner and may be 1
i

hade
huse
and

PIanEing levels for MV are suggested based on the compatibility level. For HV-EHV

estabti

a) existing HV-EHYV practices regarding rapid voltage changes and

, NO

b) the need to provide margin between MV and HV-EHV for the purposes for overall EMC
coordination.

In Table 6 are given indicative planning levels for rapid voltage changes AU/Uy for infrequent
events (expressed in per cent of the nominal voltage). These limits depend on the number of
such changes in a given time period. Less frequent voltage changes are not covered here;
however, they may also be of importance on some systems.
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Table 6 — Indicative planning levels for rapid voltage changes
as a function of the number of such changes in a given period

NOTH
leveld

NOTH

NOTH
so th
perio
perio

NOTH
motof

10.4

The
bein
indid
voltg
instd
into
voltg
resu

owner.

NOTE
speci

10.5

ht the number of changes of magnitude AU/Uy does not exceed the number specified within the tota

Number of changes AU/Uy
n %
MV HV/EHV
n < 4 per day 5-6 3-5
n < 2 per hour and > 4 per 4 3
day
2 n 10 per hour 3 25

1 At HV/EHV, the permissible voltage change has a wide range due to the significant range of v
covered (e.g., >35 kV to 500 kV).

2 Higher values may be permissible under abnormal system conditions.
3 The permissible voltage change AU/Uy (%) and number of changes in a given*period should be a

corresponding to the rate (e.g. no more than 4 changes of 6 % are permitted at MV during any one 24

).

4 Note that in addition to the above planning levels, engineering‘assessment is required in the ca
starting.

Emission limits

ltage

bplied
time
hour

se of

coordination approach recommended in this ‘report relies on individual emission l¢vels

j derived from the planning levels so (¢hat overall EMC is maintained. Becausg
ative planning levels are defined in terms of numbers of occurrences of a specific
ge change level permitted duringva specific interval, emission limits for indiv
llations shall be defined by the system operator or owner on a case by case basis ta
account the particular operation~and impact of each installation that may cause

the
apid
dual
king
apid

ge changes in the system of*interest. The combined effect of all installations should not

t in rapid voltage changes-exceeding the planning levels set by the system operat

It may be necessary.to-coordinate the emissions from installations at MV and HV-EHV depending ¢
ic system and location\of installations under consideration.

Assessment-procedure for evaluation against planning levels & emission limif

No

recommended that the assessment procedure used be based on measured changes in r
voltgge-considering only the power frequency component with transients removed. In prag
the shortest possible multi-cycle window should be used to avoid artificially smoothing

tandardized measurement method exists for rapid voltage changes. For this reason,

pr or

n the

S

it is
m.s.
tice,

the

desired r.m.s. fundamental frequency voltage change.

The minimum measurement period is one week of normal business activity. The monitoring
period should include the period of expected maximum rapid voltage change levels.

In the case of rapid voltage changes the worst case of rapid voltage changes of the
fluctuating installation is considered when assessing the emission level (i.e. the assessment
of emission level is not based on 95 % of time).
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Annex A
(informative)

P..= 1 curves and numerical data for 230 V and 120 V applications

10
\\
AV (%)
V \\\\\5\
RN 120 V lamp
T~
™~
\\.\\
; \\\ /
L R B e R
230 V lamp & /
1
~ Vi
N //
\.//
0,1
0,1 1 10 100 1000 10 000
Changes/min IEC 110/0b
Figure A.1 - P, = 1 curve for regular rectangular voltage changes [13]
Table A.1 - Input relative voltage fluctuation AV/V for P,=1,0 at output [13]
Fldctuation Voltage f‘!/uctuation Fluctuation Voltage f‘!/uctuation
0, 0
ate (r Rate (r
" 120 V lamp 230 V lamp " 120 V lamp 230 V lamyg
chgnges/min | g0 Hz system 50 Hz System | changes/min 60 Hz system 50 Hz systefn
0,1 8,202 7,4 176 0,739 0,64
0,2 5,232 4,58 273 0,65 0,56
0,4 4,062 3,54 375 0,594 0,5
0,6 3,645 3,2 480 0,559 0,48
1 3,166 2,724 585 0,501 0,42
2 2-568 2-244 682 0445 0-37
3 2,25 1,95 796 0,393 0,32
5 1,899 1,64 1020 0,35 0,28
7 1,695 1,459 1055 0,351 0,28
10 1,499 1,29 1200 0,371 0,29
22 1,186 1,02 1390 0,438 0,34
39 1,044 0,906 1620 0,547 0,402
48 1 0,87 2 400 1,051 0,77
68 0,939 0,81 2875 1,498 1,04
110 0,841 0,725



https://iecnorm.com/api/?name=bf627cbe196382e94b1f7fdc897176e4

TR 61000-3-7 © IEC:2008(E) - 35 -

NOTE 1 Two consecutive voltage changes (one positive and one negative) constitute one “cycle”, i.e. two voltage
changes per second correspond to a 1 Hz fluctuation.

NOTE 2 These curves are based on 60 W incandescent lighting. While other lighting equipment may give different
results, these curves are adopted as reference to allow consistent evaluations across a wide variety of situations.

NOTE 3 Different versions of Table A.1 exist in the literature with some differences.
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Annex B
(informative)

Guidelines on the assessment of flicker transfer coefficient

The transfer coefficient of flicker between two points A and B where a dominant flicker source
is located at point A is defined as the ratio of the Py values, measured at the same time in

both

locations [3]:

Tpsian = Ps; (B) I Pyt (A)

Meagurement results from various campaigns showed that the flicker produced by fluctuating

instg
MV
mac

Example of measurement results

Simu
trang
220
conn
coup
to th
fluct
coef

Gen

The

llations connected at EHV or HV can significantly attenuate when it propagates’inte the
br LV systems. This reduction is mainly due to the compensation effect due‘to rotating
nines connected at utilization voltages.

Itaneous flicker measurements were conducted in order to obtaifn experimental values for
fer coefficients between various voltage levels. Measurements were carried out at
KV, 70 kV and 15 kV where a 220/70 kV substation @and a 70/15 kV substation| are
ected through a 13 km, 70 kV overhead line. The 220 kV point is the point of common
ling with several large arc furnaces. No permanent, flGctuating installation was conngcted
e downstream systems. Only cases where a good-gcoOrrelation existed between the voltage
hations at different voltage levels should be considered for the assessment of the trapsfer
icients.

Table B.1 — Example of-flicker transfer coefficients

Voltage level T

PstAB
220-kV towards 70 kV 0,82
70 kV towards 15 kV 0,91

15 kV towards 230 V 0,98 - 1,0

bral observations

following observations can be made.

significant flicker reduction is observed between 220 kV and 70 kV (about 0,8) and|to a

sger-extent between 70 kV and 15 kV (about 0,9), giving a total transfer coefficient [from
20KV to 15 kV of about 0,72.

— Similar results were also observed for the P}, index.

— The assessment of the transfer coefficient from statistical measurement results (such as

99 % or 95 % percentiles) is valid only when good correlation exists between the
measured voltage fluctuations at different voltage levels. When significant flicker sources
are also connected at lower voltage levels, it is then preferable to estimate the transfer
coefficient during periods of low flicker at LV so that the effects of flicker sources at higher
voltage levels can be clearly observed at LV. Alternatively, a system analysis method can
be used.

There was no significant reduction from 15 kV to 230 V. A number of other measurement
results also showed transfer coefficients between MV and LV to be near unity.


https://iecnorm.com/api/?name=bf627cbe196382e94b1f7fdc897176e4

TR 61000-3-7 © IEC:2008(E) - 37 -

Annex C
(informative)

Example of reallocation of global contributions
and planning levels considering transfer coefficients

For the purposes coordinating EMC at LV, MV, HV, and EHV, it is necessary to consider the
impact of upstream fluctuations on downstream systems using flicker transfer coefficients. As
described in Clauses 8 and 9, a global contribution can be established at each voltage level
using the planning level at the voltage level under consideration, the planning level of the

upst

CcA

Usin
HV &
as:

Simi

Rv)
11

st

LV in

c.2

Let
of th

Com
that

0.11
plan

eam system, and the transfer coefficient between them.

Including transfer coefficients in the allocation procedure

g the indicative planning levels in Table 2 and assuming a transfer coefficient bet
nd MV of 0,9 (see Table B.1), the global contribution of all MV installations can be ¢

Gpsimy = %/LPstMVS _TPstUM3 '|-F>stHv3 = %/0’903 -09°.08° =071

arly for LV, assuming that the planning level at LV is-equal to the compatibility level
1) and the transfer coefficient between MV and L4 is unity, the global contribution
stallations can be given as:

GpsiLy = %/LPstLvs _TPstUL3 'LPstMv3 = %/1’03 -10°-09° =065

Using transfer coefficients to recover and re-allocate unused emission
contributions

s consider that transfer coefficients equal to unity have been used for the determin
e global contribution at(MV. Following the same calculation as before gives:

Gl = %/LPstMVS - TPstUM3 ’ |-PstHv3 = %/0’903 -10°-08° =060

considefring a transfer coefficient of 0,9 would allow an additional global contributid
at MV:while still meeting the overall EMC coordination objective. Assuming that thg

veen
iven

(i.e.
pf all

ation

paring the above value of 0,60 with the previous result of Gpgy)y, equal to 0,71 shows

n of
2 MV

ning\level was satisfied based on Gpgy,y = 0,60, the unused contribution at MV ca

reall

pcated to HV by increasing the planning level at HV as follows :

n be

Whe

C3

GPstMV =06= %/LPstMVS - TPstUM3 '|-PstHv3
06° =09° -09° - Lpg°
0,89 =Lpgthy

n needed, such an increased planning level may allow more emission at HV.

Re-allocating unused emission contributions between voltage levels

Let us consider the special case where potential fluctuating installations that can be
connected are not capable of creating the value of Gpg, at a given voltage level. It should then
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be possible to reallocate the unused emissions and revise planning levels at other voltage
levels. For example, consider a case where no significant fluctuating installations are
connected to LV so that it is possible not to exceed a value of Gpg =0,5. Considering a
transfer coefficient between MV and LV of unity (see Table B.1), the allowable upstream MV
planning level could be increased as follows:

_ _3 3 3 3
Gpstv =05 = pgiy® — Trswr® - Lpsav

3 3 _ 3 3
05% —Lpsiv = —Tpsiur ™ - Lpstmv

05° 1% = -1% - Lpgu°

0,96 = Lpsimy

Additionally, if it happens that the global contribution of all MV installations cannot-exceled a

valu
coef

If thi
instg
be fdq

The
valu
(and
coef
redu
leve
need

e of Gpgyyy=0,5, the upstream HV planning level could then be increased (tra
icient HV to MV of 0,9 per Table B.1) as follows:

GPstMV =05= :{/LPstMVS - TPstUM3 ) |—F>stHv3
05°=096° - 09° - Lpgyy®
101=Lpgtny

s reallocation process is further continued by assuming the global contribution of a

und using an EHV to HV transfer coefficient of0,8/(see Table B.1):

3
GPstHV =05= %/LPstHV - TPstUH3 'LPstEHV3
05% =101° —=08° " Lpgypy°
121 = Lpstery

obtained planning level in this“'example at EHV is significantly greater than the indic
p of Table 2. This was made possible by reallocating emissions based on the loc
possible impacts) of fluctuating installations and by considering the effect of tra
icients between différent voltage levels. Global contributions to emissions ma
ced at some voltage levels and these reductions may be reallocated to other vo
s while still maintaining EMC coordination from EHV to LV. Of course, this appr
s regular checks to account for possible changes.

hsfer

I HV

llations cannot exceed a value of Gpgyy=0,5, anificreased planning level at EHV gqould

ative
ation
hsfer

be
tage
bach
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Annex D
(informative)

The use of the severity indicators A, and A, to simplify calculations

As the summation law is accepted, it is often convenient to replace Py by the equivalent
severity indicator Ay, such that: Ag; = Pg” in order to simplify the calculations where the
exponent a = 3 is generally accepted. Some countries systematically use Ag; instead of P, for
the sake of simplicity. This substitution gives a linear relationship for the evaluation of the
total disturbance Ay generated by multiple flicker sources:

Ag = Z A
i

Morgover, taking into account the fact that the long-term flicker severity P, is’obtained a$ the
o ropt of the average of the cube P, values occurring during the observatienperiod, the long-
term(severity can also be expressed by an equivalent indicator A;; by placing:

1 1
Ay =P|? =szgi =NZAsti
i i

The [use of the equivalent severity indicators thus also simplifies the calculation of the long-
term| severity, which becomes a simple average of the short-term values. The linear
summmation also applies for the evaluation of the long-term’ equivalent severity A, causgd by
sevefral sources:

Ay = zAlti
i

It shpuld be remembered that A, is not linearly related to a relative voltage change, as P; is,
so that the usefulness of the two severity indicators changes according to the proplem
conglidered.

Expressing the compatibility levels and the planning levels in terms of A and A, gives:

TableD.1 — Compatibility levels for A, and A,
in LV and MV power systems

Compatibility
levels
Ast 1,0
A, 0,5

Table D.2 — Indicative values of planning levels for A_,
and Aj; in MV, HV and EHV power systems

Planning levels

MV HV-EHV
A, 0,73 0,5
Ay 03 0,2

NOTE These values were chosen with the assumption that the transfer coefficients between HV and MV and MV
and LV are about unity.

Should the reader prefer the use of the equivalent severity indicator Ag; instead of P, the

methods presented in the body of this report can similarly be converted into Ag; indices.

st»
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Annex E
(informative)

Pre-connection and post-connection assessment of emission for Py
Shape factors can be used for basic Py assessments for periodic and non-repetitive

fluctuations. Fluctuations of a more random nature, such as those produced by electric arcs,
require more advanced techniques for accurate prediction.

E.1| Simplified pre-connection assessments for common periodic and
aperiodic fluctuations

In mpny cases, the voltage fluctuations produced by equipment follows known‘and predictable
pattgrns. In these cases, it is possible to pre-determine the flicker level that\will be prodlced
for @ given shape and total voltage change. Note that simplified calculations, computer
studles or historical data may be used to predict the total voltage-change whereas dome
knowledge of the equipment operational pattern is necessary to evajuate the overall shape of
the fluctuation.

E.1.1 Simplified assessment procedure for periodic voltage changes

The [P,=1,0 curves in Annex A are based on repetitivesand periodic step changes in the [form
of alsquare wave. From the Pg = 1,0 curves, it is¢possible to determine the value of the
relatjve voltage change d that will give Py = 1,0/for a given frequency of square-yvave
modtplation. Because the flickermeter is linear, a\relative voltage change of 2d at the qame
freqyency will produce a Pg; = 2,0.

In practice, most voltage changes are not stepwise in nature. Flickermeter simulations have
beer used to develop results for othep,(not square wave) periodic modulation shapes| and
thesg results can be used in conjunction with the Py = 1,0 curves to predict Py valuep for
non-gquare wave changes. Results\are available for sinusoidal, triangular, ramp, double-§tep,
and pther common shapes as shown in Figure E.1 through Figure E.3. Because these repults
are @ function of the frequency:of the changes, curves called “shape factor curves” are psed
to digplay the results over a‘range of frequencies of interest.

Using the Pg; = 1,0 cdryes, the shape factor curves, and a known relative voltage change d, it
is pgssible to predict Py, using
Py = d *F E.1)
dPst:1

wheredp _sis the required value of relative voltage change to produce Pg =1 for a given

frequency as read from Figure A.1 and F is the shape factor value as read from the
appropriate curve in Figures E.1 through E.3.

E.1.2 Simplified calculation of the relative voltage change d

The relative voltage change d can be evaluated as the ratio of the load power change (AS;)
and the short-circuit power S,.. For balanced three-phase loads, the relative changes of the
phase-to-neutral voltages (Uy) and of the phase-to-phase voltages are equal to

AUy _ AU _AS;
Uwy Un o Sec

(E.2)
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NOTE 1 For example AS; for motor starting is the change from S; =0 to S; = S;,5x (Maximum apparent power
during start), and therefore AS; = S; ,1ax-

If the system X/R ratio of the system is low (e.g., less than 5), the relative voltage change
should be calculated in a more precise way using the resistive and inductive part of the
system impedance:

_ RL 'APi-l-XL AQ|

2
UN

d (E.3)

Voltdge changes caused by a two-phase load (for example a welding machine) cah be
evalliated by:

AUy 43-AS;
LJNY Ssc

d E.4)

In many cases, advanced calculations are used in place of the simplified formulas. |It is
cominon to use computer simulations to determine the relative voltagechange d so as to|take
into account all relevant aspects of the assessment.

E.1.3 Shape factor curves

The |relationship between Py =1,0 curves for square-wave periodic changes and other
perigdic changes are tabulated in graphical form as ‘shape factor curves. In these cufves,
voltgge increases are usually shown. Note that these are equivalent to voltage drops|with
respgct to flicker prediction.
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E.1.4 Simplified assessment procedure for aperiodic voltage changes

In many cases, voltage changes do not occur on a continuously repetitive basis or on a
periodic basis over the 10 minute interval for which Py assessments are made. A common
situation would have a load fluctuate during startup, operate for some time, shut down for
some time, then restart. This type of operation is not continuously repetitive and may not be
periodic during any particular 10 minute interval.

An additional set of shape factor curves shown in Figure E.4 has been developed for these
types of aperiodic voltage change situations.
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Figure E.4 — Shape factor curves for aperiodic changes

Noteg that the-results of Figure E.4 are based on an assumed unequal duty cycle square \ave
shapge and\a-relative voltage change of 2 %. For relative voltage changes that cap be
desdribed by an unequal duty cycle square wave with times t; and t, as shown in Figure|E.4,
Pt gande estimated using

d).
Pst = (Ej Pst,2% (E5)

where d is the actual relative voltage change in percent and Pg; o, is the value read from
Figure E.4 for a particular voltage change described by t; and t,.

It is important to recognize that the approach of Equation (E.5) can be combined with that of
Equation (E.1) so as to allow for fluctuations of various shapes which are either not
continuously repetitive or are not periodic. The combined approach is

* d *
Pst =F (E] Pst,z% (E.6)
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where all variables are as previously defined.

E.2

Pre-assessment of the connection in case of AC or DC arc furnaces with

or without SVC (Static Var Compensator)

The pre-assessment or predetermination of flicker produced by an AC or DC arc furnace
(before the equipment is put into operation) is a difficult but important exercise. The pre-
assessment is necessary to evaluate the place of connection of the arc furnace and the need
to install compensation.

Flicker measurements carried out in the past have enabled the development of an emp
equgtion for estimating the flicker produced by an arc furnace:

whele

S
S

scf

sC ]

P —K Sscf
st95% — TVst
Ssc

= the short-circuit power of the furnace (short circuited electrades test),
F the short-circuit power of the system at the POE,

Kst 9 characteristic flicker emission factor of the arc furnace.

It follows that if the short circuit power is increased, the flicker produced decreases by
same proportion. However, in the case of a very low-level of short-circuit, the amount of fl
can |be higher than predicted by a linear relation“with the short-circuit level. This ca
expl@ained by the fact that the instability of the aretis increasing when the furnace is opef

from

The
simil

AC arc furnaces ranges from 52 to-135 for systems supplying 230 V lighting load at L\

valu
load

a weak system.

Kt factor can be determined by a.flicker emission measurement on an arc furnac
far size and technology that is already in operation. From the literature The K; factd

es ranging from 64 to 75 are generally recommended for systems supplying 230 V lig
while values ranging fram 58 to 70 are recommended for systems supplying |

voltdge (110 V-127 V) lightingfoad [15].

If the Pg; 959, calculatediexceeds the emission limit, compensation has to be installed.

The
coef
com

effectivenessiof the compensation can be evaluated by determining the flicker redu
icient R gipp: This is the ratio between the flicker level measured without and with
pensation )equipment in service. This reduction coefficient can be determined by fl

emigsion-Mmeasurements on existing arc furnaces with the same kind of compensation.

coef
STA

E.3

icient'R,m,, is between 1,5 and 2,0 for a properly sized SVC and between 3 and

rical

the
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n be
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e of
r for

st
hting
bwer
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cker
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FTCOM compensation.

Post-connection assessment of a fluctuating installation

E.3.1 The concept of the short-circuit power

The concept of the short-circuit power is basic for the assessment of the connection of
fluctuating installations.

The

short-circuit power of the system can vary due to

— periods of low and high generation

— changes in the operation of the system due to maintenance or incidents on the system.
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This is especially the case in a meshed system where the short-circuit power might be
continuously changing due to generation dispatch changes or system contingencies.

It is the responsibility of the system owner or operator to specify the short-circuit power that
should be used for the assessment of the fluctuating installation. This so-called ‘declared
short-circuit power’ is not as such a minimum value, but a low value accounting for variations
in the operating conditions that should be used for the assessment of the flicker emission. It
can be obtained by using one of the following approximations. Note that the short-circuit
power will vary with the time, so even at the time of commissioning it is likely to be different
from the declared value.

a)

[ds

o

[ds)

—

~ (N _~+ @D _(n —

NOrt-CITCUIT pOwWer Tor rating of equipment

he basic definitions of short-circuit conditions are given in the IEC 60909-0.(10].
tandard is based on the calculation of symmetrical initial short-circuit current’ (1"
nloaded networks, i.e., in the absence of passive loads and any shunt,capacitanc
rder to calculate I'sc, Thévenin’s Theorem is applied.

FC specifies two standard values for a multiplying factor to be uséd depending o
urpose for which the calculations are to be used. The ‘maximum‘value’ is to be use
pparatus rating purposes and it is fixed at 1,1 for HV systems:{The ‘minimum value’
e used for other purposes such as the control of motor starting conditions which typi
ppear as fast voltage fluctuation problems as discusséd-in Clause 10. The mini
alue of c is fixed at 1,0 for HV systems. The (IEC standard) short-circuit power is
efined with c=1 as:

Sec = V305 - I,

s calculated in this way, the short-circuit power is suitable for either equipment r
urposes or for non-critical voltage fluctuations problems.

hort-circuit power considering thedoading of the system and the actual voltage leyv
e supply substation

his approximation enablestfurther calculations following the theoretical definitio
hysical short-circuit pewer and is based on taking the actual voltage and the s
lements into account.

h normal operating conditions (see Figure E.5), the network is loaded. A s\
ubstation to.a“eustomer (STo) is considered where the substation voltage is at
qual to thenominal value. To get Un at the substation, the value of the source emf n
b be set-at. Un/p (in most cases py < 1). Because of the increase in voltage, the phyj
hort-circuit current also increases by the same factor. The physical short-circuit p
herefore increases by 1/p? in compliance with theory.
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Figure E.5 — Accounting for network loading
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c) Short-circuit power including the non-linear effects of the loads in the system

In the preceding analysis, the loads are taken into account as linear elements, i.e.
assumed to be represented by constant impedances. However, it has been established in
the past that loads do not usually behave as constant impedances during voltage
disturbances. They might exhibit voltage dependent characteristics leading to reactive
power versus voltage functions very different from the classical second-de
relationship associated to a constant impedance. The general form is as follows:

B
I

[

This
usudg
circy
whic|

E.3.1

In sg
simp
fluct
mea

If th¢ ‘declared short-circuit power’ for the assessment of the installation is not the sam

the
leve

whet

Ssc,

Ssc,

Exponents v between 0,5 and 12 are given in the literature, depending on ‘the’ tyy
bads. Similar effects with different exponents have been reported for real power as
12].

non-linear behaviour may influence significantly the voltage fluctuations. The ¢
Ily measured is a decrease in the severity of the voltage variations. In terms of s
it power, this decreasing effect can be captured as an “apparent” short-circuit p
h is effectively larger than the short-circuit power calculated innapproximation 1 or 2.

p Simplified assessment of the flicker emission level: simple voltage
measurement at the point of evaluation

me cases, the flicker emission level of a fluctuating installation can be determined fr
le voltage measurement at the POE (point. of evaluation). The condition is thaf
hating installation is the only important soucce of flicker in the system during the peri
surement. A background level for Py, below 0,35 can generally be neglected.

bctual short-circuit power’ at the time of the measurement, the measured flicker emig
of the installation may be referenced back to the ‘declared short-circuit power’ using

S

SC,actual

PStreferenced,QS% = PStmeasured,QS% : S
SC,declared

e

s\the actual short-circuit power at the point of evaluation during
measurements,

bctual

the declared short-circuit power which has been specified by the sy
operator for the assessment of the flicker emission of the fluctu

Heclared

gree

e of
well

ffect
hort-
bwer

bm a
the
bd of

e as
sion

the

stem
ating

installation

P
P

st,measured,95%

st,referenced,95%

the measured flicker level at the point of evaluation,

= the flicker level at the point of evaluation referenced to the decl
short-circuit power.

ared

To determine the emission level with respect to the ‘declared short-circuit power,’ the ‘actual
short circuit power’ during the measurement should be determined; it should not vary

signi

ficantly over the whole measurement period.

E.3.3 Simplified assessment of the flicker emission for arc furnaces

As illustrated in Figure E.6, the installation to be assessed (arc furnace and compensator) is
connected at point A, at the secondary side of the step down transformer (with impedance
Z1). The transformer on its HV side is connected at point B of the HV-system. The short-circuit
power at points A and B are respectively Sgca and Sgcg.
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Figure E.6 — System for flicker emission assessment

e case of an arc furnace, Sgca Will be much smaller than Sgcg; (this will result i
rtant flicker level at point A when the arc furnace is operating.” In most cases
ence of other fluctuating installations connected to the system will be compl
gible at point A, even if this is not the case at point B.

flicker level is measured at point A and can be converted to the ‘actual short-c

'mine the emission level of the arc furnace at the point of evaluation (point B):

S
Pstg = OSCAN Psta
Sseép

btain good results, the angle of the impedances Zs and Z should be similar (the ratig
Id be approximately the same). dh general, the impedance of the transformer 2
pminantly inductive, and the short-circuit impedance of the HV or EHV systems is
st inductive (angle of Zs between 80° and 85°). If this is not the case, the impact o
e power variations on the flicker emission level will not be estimated correctly.

} Assessment of the flicker emission level by measurement of the voltage dr
in the step-down transformer

approach is (applicable to any fluctuating installation. The transformer imped3
ned from tesis, is used to assess the emission level of the fluctuating installations.

ges(on the primary and secondary side of the transformer should be in phase (for [

Yd !ransformers, the phase-to-ground voltage on one side should be compared to
corr f =to= feke)-

n an
the
tely

rcuit
) to

X/R
1 is
also
f the

nce,

voltage-waveforms U,(t) and Ug(t) are measured at points A and B. The measured

y or
the

In the next step, the voltage waveforms U,(t) and Ug(t) are divided by the 10 minute r.m.s.
fundamental frequency voltage so that their amplitude can be expressed as normalized
quantities: ux(t) and ug(t).

The voltage drop due to the transformer impedance can then be calculated:

Augy (t) = ug (t) —u,(t)

A signal \/E-sin[wt+¢(t)] — Auga (t) can then be applied to the flickermeter to obtain the
flicker level, where ¢(t) is the angle of the phasor of the voltage ug(t) with respect to point A.
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That is to say, the instantaneous voltage drop Aug,(t) is subtracted from a sinusoidal voltage
source whose amplitude is 1 per unit with the same phase angle as the signal ug(t).

The so obtained P, value is the emission level of the installation at the secondary of the
transformer Z;. This result can then be converted to the actual short-circuit power at point B
or the declared short-circuit power (Sgcp) as below where Sgctis 1/Z7:

Z
1Zs] _ Ssct Pst,

Pstg (atpoint B) = \ZT\ Pste = S

The discussion at the end of E.3.3 concerning phase angles is also valid in this case.

E.3.% Assessment of the flicker emission level by measurement of both voltage and
current of the installation at the POE

This|approach is also applicable to any fluctuating installations. To apply_the method| the
voltgge waveform uy,(t) at the point of evaluation and the current waveforniy,(t) drawn by the
custpmer’s installation should be measured.

POE
Sscp Other fluctuating
installations
Sscp
Zs Zs POE
—L 3 0 — 13—

@ isum(t) Uy | Un(® E:> UR(t)@ im(t) Ue(t)

IEC 117/08

Figure E.7 — Assessment’of emission level using current measurements

The voltage waveform ug(t)\is to be determined. This is the voltage that would appear aft the
POE| if the customer’s installation was the only disturbing installation in the system. To optain
the yoltage waveform;~a Thévenin equivalent is used with a sinusoidal voltage source Ug(t).
The poltage ug(t) répresents the voltage at the POE if the system was unloaded. The andle of
the Joltage waveform should be the same as the angle of the voltage u(t) where

iy (t)
dt

u(t) =uy(t) +Rg iy (t) +Lg

with Zg=Rg+jol g corresponding to the declared short circuit power.

Finally, the emission voltage ug(t) is calculated and applied to the flickermeter to obtain the
flicker emission level for P, or P, for the declared short-circuit power:

Ug () = Ug (t) =R - iy (t) —Ls - di»glt(t)

This method can take into account both the resistive component of the system impedance and
the impact of the active power variations of the customer’s installation.
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Annex F
(informative)

Addition of Pg; from different busbars

In cases where it is required to assess the fluctuation effect of a source upon another point on
the supply system, the following cases may occur:

— the point to be assessed may be located far from the location of the source of the
fluctuation (from the electrical point of view) so as to be considered as not mutually

£l H
Iproencmy,

ne point to be assessed may be located sufficiently close to the location of the sourge of
ne fluctuation so as to be grouped together in a single equivalent;

ne two locations may be at some distance not so far apart, electrically speaking, so| that
ney can be considered to be mutually influencing. It is necessary to allow,for the effgct of
his influence before combining P, values of separate sources at any particular POE.|This
ase is considered hereafter.

o —+ —+ ~+ ~+ —~

An gxample is given below for two loads located at different busbars m and n in a netwdrked
systém.

To Remaining Networked System

Bus m TL Un+AUm Un+AU, JT Bus n

Im+A|m In+A|n
IEC 118/08

Figure F.1 — Example of two loads fed from different busbars

The following simplified @pproach based on short-circuit modelling is correct if the X/R rptios
of al| system components is approximately equal and if frequency dependence, over the range
of injerest for voltage fluctuations, is not considered. For more information, see [11].

A system impedance model can be constructed using standard short-circuit modglling
techpiques and used to relate the change in load currents and buses m and n tq the
associated-voltage changes at the same buses.

U, +AU, | | Z.. Z.. ||l +a4l,

= (F.1)
U, +AU, | |z Z. |1 +Al

From Equation F.1, it is clear that the voltage fluctuation at bus m produced by the load
(current) fluctuation Al is equal to Z,,,. The effect of the fluctuating (current) Al , on bus n is
similarly seen to be equal to Z,,. Recalling the linearity of the flickermeter, a P
measurement at bus m can be similarly translated to an approximate Py measurement at bus
n based on the following equation:
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(F.2)

Application of Equation F.2 is common in cases where measurements are made at the
location of a particular fluctuating installation, possibly at the POC, whereas emission limits
are assessed at another location, the POE. It is also common to apply Equation F.2 in cases
where multiple fluctuating installations are present. In these cases, measurements or pre-
assessments may be made at multiple locations, translated to a single point of interest, and
combined at that single point using the summation law with an exponent appropriate for the

natu

In ca
the 4

re of the fluctuations.

systém impedances and phase angles for fluctuating load (current) changes. In this-case,

the

voltq

magnitude of the voltage changes as calculated by Equation F.1 arefdsed to r

strongly dependent on phase angle changes. In the case where it is necessary to con
frequency dependence of system components, most notably near rotating generators

appr

ses where the simplified assumptions of Equation F.1 do not hold, it is possiple)tq use
pproach as outlined except that calculations may be performed using complex)valugs for

only
blate

ge changes at one bus to those at another bus because the flicker_ plfenomena ig not

sider
the

pach can be applied as described except the impedance values*“in Equation F.1 should

include appropriate values for machine impedances for the{ fluctuating frequency (or
frequencies) of interest.
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Annex G
(informative)

Examples of case studies

G.1 Rolling mill load

It is proposed to connect a rolling mill to a MV supply point where the following voltage
change pattern is expected to occur at the point of common coupling with other customers:

20s

Voltage (%)
_—

R
ES

S

0,5s 90s 0,5s

Time (s) IEC 119/08

Figure G.1 — Example of effect from asoHing mill

Becqguse the average number of voltage changes (r/min) is’6 (2/20 s) and AV (=AS/Sg.) 92 %
the Ipad will not meet the stage 1 limits given in Table™3:

Thenefore acceptability is assessed using the ‘stage 2 procedures of Clause 8. Usipg a
maximum global contribution of local loads to-the MV system flicker level of Gpgyy = 0,78, a
system capacity of 20 MVA, and a user’s agreed power of 3 MVA, a customer emission|limit
of P4, = 0,41 is derived by the application of Equation (7) if the total load supplied direc{ly at
LV, B,v, is zero. Note that a summation’Jaw exponent a = 3 is used in this general case.| The
calclilations are as follows:

_ o o o _3 3 3 3 _
GPStMV - (</L Pstvv - TPStUM . LPStUS = \/0,9 - 0,8 . 0,8 = 0,78

/ S; / 3
Epsti =G f—=1 = 078-3— =041
Psti PstMV - ¢ (St -SLv) 20

For & rectangular voltage change with 6 changes/min, the value of voltage change requir¢d to
produce Pg="1,0 from Figure A.1 is approximately 1,6 (230 V applications). For ramp shape
changes( the shape factor for a ramp time of 0,5 s is approximately 0,31 from Figure|E.2.
Using~Equation (E.1), the P, produced by the proposed rolling mill load will be

Py =| =9 |*F- (3]*0,31 -039
dp 16

This estimated Pg; value is less than the emission limit of 0,41 and the load can be connected.

G.2 Multiple spot welder load

A manufacturer wishes to install a spot welder load. This load consists of three spot welders
having cycle repetition times of 0,2 s, 1s and 2,5 s respectively. The welders give voltage
drops of 0,5 %, 0,4 % and 0,25 % respectively at the PCC and have dwell times of 0,1s,0,2 s
and 0,3 s.
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The waveforms of the three welders are shown in Figure G.2.

One approach is to evaluate the severity value of each welder on its own using Figure E.4
and then using the flicker summation law of Clause 7. For the first welder, with reference to
Figure E.4, t; = 0,1 s and t, = 0,1 s and interpolation between the 4 cycle and 7 cycle curves
of Figure E.4 is necessary to obtain an approximate P; 5, = 4,43. Application of Equation E.5
gives for the first welder

d 05
Pgt = (EJPSt’Z% = (7]4,43 =110

For

appr
SecCo

Simi
obta
give

Bec3
chan
AssU
I:)st 3
shod
affed

the second welder, t; =0,2 s and t, = 0,8s. No interpolation is required to ebtai

pximate value of Pg; 5o, = 2,58 from Figure E.4. Application of Equation E.5 gives fo
nd welder
d 0,4
P, = (EJPM% = (7j2,58 =0,52
arly, for the third welder, t;, =0,3 s and t, =2,2s and no interpolation is require

n the approximate value of Pg; ¢ =2.1 from Figure E.4./Application of Equation
5 for the third welder

d 0,25
Pst = — Pst o0, = | —==02,1=0,26
st ( 2 ] st,2% ( 2 )

use the voltage changes occur at less than 0,1 s intervals, the risk of coincident vo
ges is very high and it is not clear which value of o to use in the summation law forr
ming a maximum coincidence of voltage changes (o = 1) gives a worst-case vall
1,88. Regardless of the value of\oi'used, the total Py will exceed 1,0 and the install
Id be denied unless specific action has been taken to increase the planning levels i
ted area or mitigate the severity of the disturbance.

n an
r the

d to
E.5

tage
hula.
e of
ation
n the
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Figure G.2 — Example of effect of multiple spot welder load

G.3 Car shredder load

An existing 11 kV supply point supplies a large 900 kW induction motor driving a car
shredder. The customer has requested the connection of an additional 1 500 kW induction
motor to drive an additional car shredder.

a) Characteristics of existing supply at the point of connection
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Impedance at POC: 37,5 +j - 82 % on a base of 100 MVA.

Characteristics of existing motor
Starting: direct on line, 3,3 MVA at 0,3 power factor once a day.
Running: no load to full load power change at 0,9 power factor.

Characteristics of proposed motor evaluated at the point of connection

This is a scaled version of the existing 900 kW motor. Complex voltage changes occur
during running caused by the fluctuating installation of the driving motor; therefore, a
flickermeter approach has to be used to assess the severity of the flicker likely to be
causedButfirst; Tegardtessof thefliicker severity, itisTTecessary to check tratwittrmgrmal
system connections the voltage changes on starting are within the 6 % limit (see [able 6)
assuming the entire MV planning level is allocated to this installation. This  ipitial
assessment at the POC is done by scaling the characteristics of the existing-motor, [thus
tHe starting voltage change for the existing motor is calculated:

AU S . 3,3
—= cos@-R,, +sing-X ==
U "5, (OSPRoutsine Xou) =150

-(37,5-0,3+82-095)=2,94%

I order to calculate the starting voltage change of the proposed motor, the value is sgaled
from the calculated value of the existing one; therefore:

Voltage change = 2,94-% =4,90 %

While this 4,9 % value is acceptable considering.the 6 % emission limit (based on full
allocation of the planning level in Table 6) to .be“applied at the point of evaluation, aftion
should be considered which can minimize problems (e.g., the possible future connectipn of
an additional fluctuating installation in the immediate area) in the future.

Ction taken

A

With some minor system rearrangements, the point of evaluation can be moved tq the
11 kV busbar of a two transformer 33/11 kV substation. The normal system impedan¢e at
tHis busbar is:

1,3 +j48,8 % on 100 MVA.
With this supply, the proposed motor's starting voltage change becomes:

\(dltage change = £~ﬂ-(1,3'0,3 +488-095) = 2,57 %
100 900

This is clearly:*acceptable, and the starting and running flicker effects at this alternptive
Igcation now.need to be assessed.

Flicker measurements (see Table G.1)

Flickermeter readings were taken for the following conditions:

Test i) existing location with 900 kW motor not running (background) (Pst2).
Testii)  existing location with 900 kW motor starting.

Testiii) existing location with 900 kW motor operating normally (Pgt1).
Testiv) 33/11 kV substation 11 kV busbar (background) (Pgtg).

Choice of system impedance to use in study

The impedance, given in d), of 1,3 + j-48,8 % on 100 MVA is with both 33 kV/11 kV
transformers in circuit. An outage of one of these transformers will increase the 11 kV
busbar impedance to 2,5 + j-85,6 % on 100 MVA, i.e., almost twice that of the normal
operating condition. Major transformer faults can take several months to repair and
consequently represent a risk of causing extended running with a high system impedance.
However, in this case, as the operation of car shredders takes place mainly during the day
when there is no significant use of tungsten filament lighting, it was decided to ignore the
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