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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ASSESSMENT OF POWER QUALITY - CHARACTERISTICS OF
ELECTRICITY SUPPLIED BY PUBLIC NETWORKS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in add|t|on to other act|V|t|es IEC publlshes Internatlonal Standards Techmcal Spe0|f|cat|ons
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required supgort cannot be obtained for the publication of an International Standard,
deS|pite repeated efforts, or T

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62749, which is a technical specification, has been prepared by IEC technical
committee 8: System aspects of electrical energy supply.
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The text of this technical specification is based on the following documents:
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INTRODUCTION

The description of ELECTRICITY is of fundamental importance within electricity supply
systems. In general, its characteristics depend less on its generation than on the way in which
it is transported by networks and being used by the equipment of the multiple users. Faults or
other events such as short-circuit and lightning strikes occurring within users' installations or
public networks also disturb or degrade it.

There is a need for a common set of power quality indices and measurement methods in order
to allow different system operators to measure and report power quality in a consistent
manner.

Regardirg-thetimits—ortovels—ofpowerquality—the-situation-differs—Historically—the-slectrical

system|s in different countries/regions have been designed in differe S ter for
nationdl/regional variations like different geographic, climatic or commersi it etc. It
is thus| essential that any set of internationally agreed power qual imi Is also
recogn|ze these differences which depends namely on the system‘conyi ansfer

characferistics between the different voltage levels (attenuatig z ' i actual
disturbpnce levels on the system, etc.

Also, the level of power quality is not absolute rather it d QrntF i ’Ets are
willing fo pay for it. Optimizing power quality should be i in 3 anner
in that| if NETWORK USERs expect power qualit of the
product they also want it at the lowest price.

This is| why some of the objectives réco ¢ aw/ for a range of valles, or
optiong, while still ensuring the coordination 0 . Is between different parts of

the syTem or voltage levels.

Then, the requirements to be applied ed by the association of the IEC|Power
Quality] framework from the“norprati echnical Specification and PROFILES.
Examp

Nowad
increas

ources
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ASSESSMENT OF POWER QUALITY - CHARACTERISTICS OF
ELECTRICITY SUPPLIED BY PUBLIC NETWORKS

1 Scope

This Technical Specification specifies the expected characteristics of electricity at the
SUPPLY TERMINALS of public low, medium and high voltage, 50 Hz or 60 Hz, networks.

NOTE 1 _The boundaries between the various voltage levels may be different for different countries/regions. In the
context ¢f this TS, the following terms for system voltage are used:

e |ow poltage (LV) refers to UN <1kV;

e medjum voltage (MV) refers to 1 kV < UN < 35 kV;

e high|voltage (HV) refers to 35 kV < UN < 230 kV;

NOTE 2| Because of existing network structures, in some countries/regie bet n medium and

high voltpge can be different.

Most of the recommendations for power quality at the R S’are expregsed as
POWER QUALITY INDICES that describe the er | i e characteristics of

electrigity vary. Such variations may appear rapdokn in { With reférence to any sgpecific
supply [terminal, and random in locatio z e instant of time. Ag such,
the PPWER QUALITY INDICES <are\ ba wmTence of the applicable

electromagnetic phenomena:

e continuous phenomena, i.e. deviations_fro orinal value that occur contiquously
over time. Such phenomena occu ai%e pattern, changes of load, nonp-linear

loa

o dis ikexsuddéen and significant deviations from noymal or
desired wave shape urdue to unpredictable events (e.g. fallts) or
external cau

The p i i ommended values are intended to be used as teghnical

reference for regyl8 g7 in NETWORK CODES) or for contracts bptween

network operatorcand S . part of a CONNECTION AGREEMENT).

Power |quality reg 9 - mbine the obligations of NETWORK OPERATORS with the
require & installations on the electromagnetic environment. It i§ worth
noting Raf the kequirements of equipment or installations on the electrompagnetic
environme inglude €mission aspects that are addressed in other IEC standards (see

Clause|2 and ‘Arnex

NOTE 3| Network operators are in charge of developing and operating the electricity supply system taking into
account pt\thé same time:

e provision of adequate conditions for equipment, installations or other networks connected to their network;
e avoidance of unnecessary costs.

NOTE 4 In many countries/regions, requirements concerning the essential characteristics of electricity at supply
terminals of public networks are set, or controlled, by National/Regional Regulatory Authorities.

In some cases, additional requirements or differences in requirements can be agreed by
terms of a contract (usually a CONNECTION AGREEMENT) between an individual NETWORK
USER and the network operator. Such a contract is most likely to arise for network users with
relatively large electricity demand, supplied from the MV or HV network, or having power
quality sensitive load. It may also arise in sparsely populated or difficult terrain, such as
mountain regions, where distribution costs are high. In such an area a network user may be
willing to accept a connection, at lower cost, which does not entirely comply with the power
quality standards.

NOTE 5 The quality indices and the recommended values appropriately cover the vast majority of locations under
acceptable economic conditions, despite the differences in situations, provided that:
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o for mass-market products, emission requirements in standards such as IEC 61000-3-2, 3-3, 3-11and/or 3-12
are regularly and appropriately updated to take into account the development of markets and changes in
technologies;

e for large installations, emission levels are effectively controlled, e.g. through connection agreement (Annex E
lists some methods to improve power quality);

e network operators make use of appropriate methodologies and engineering practices, e.g. based on
PLANNING LEVELS and IEC TR 61000-3-6, 3-7, 3-13 and/or 3-14.

This Technical Specification applies to the phenomena listed in Table 1.

Table 1 — Classification of electromagnetic phenomena
addressed by power quality indices

— | Srecor , -

FREQUENCY DEVIATION SUPPLY INTERRUPTIQNK
SUPPLY VOLTAGE DEVIATION VOLTAGE DIP /\\ \
VOLTAGE UNBALANCE VOLTAGE SW%

N
HARMPNIC VOLTAGE TRANSIENT QVERVQLTAGE \ )
INTERHARMONIC VOLTAGE RAPID VOLTAGE CRANGE \
AN\

FLICKER (VOLTAGE FLUCTUATION)
MAINS SIGNALLING VOLTAGES

NOTE 6 BEC 61000-4-30, EMC — Tedting and
measureiment techniques — Power Quality measu
NOTE 7 truments can be found in IEC 6258¢, Power

quality measurement in power supply systems.

While power quality is re MC N ber qgf ‘ways, especially because compliance
with power quallty i : he control of cumulative effect of
electromagnetic emissic f ipment and/or installations, this Tefchnical

Specifigation is not an |E klicati also Annex F).
2 No rmative
The following docufqe i in"part, are normatively referenced in this document and

are indiispensable i jcati or dated references, only the edition cited appligs. For
undatef ¢ est edition of the referenced document (including any
amendments\applieg(

IEC 60D

IEC 6(364-4-425 voltage electrical installations — Part 4-44: Protection for safety —
Protection aga/nst oftage disturbances and electromagnetic disturbances

IEC 60364=5-53Ftfectricat rrstattations—of buifdings = Part—5-53—Sefectiorr—and—erection of
electrical equipment — Isolation, switching and control

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

IEC TR 61000-2-8, Electromagnetic compatibility (EMC) — Part 1-8: Environment — Voltage
dips and short interruptions on public electric power supply systems with statistical
measurement results

IEC 61000-2-12, Electromagnetic compatibility (EMC) - Part 2-12: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public
medium-voltage power supply systems

IEC TR 61000-2-14, Electromagnetic compatibility (EMC) — Part 2-14: Environment -
Overvoltages on public electricity distribution networks
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IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
current emissions (equipment input current < 16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current £ 16 A per phase and not subject to conditional connection

IEC TR 61000-3-6, Electromagnetic compatibility (EMC) — Part 3-6: Limits — Assessment of
emission limits for the connection of distorting installations to MV, HV and EHV power
systems

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

IEC 61 tion of
voltage ems —
Equipn

IEC 6
harmonic currents produced by equipment connected to pé§
curren>16 A and < 75 A per phase

its for
ith input

IEC TR ment of
emissiq power
systemjs

IEC TR nent of
emissiq

IEC 61DP00-4-7:2009, Part 4-7: Testing and
measufement techniquesi— G S 3 ohics and interharmonics measurgments
and indtrumentation, fo -

IEC 61D00-4-15, Elect ¢ wpatibility (EMC) — Part 4-15: Testing and measufement
techniques — FIi :

IEC 6 g and
measu
IEC 62 quality
instrum
IEC 62 hl tests
and un

3 Ter'ms and definitions

For the purpose of this Technical Specification, the following terms and definitions apply.

NOTE Terms are listed in alphabetical order.

3.1

code (in electric power system)

collection of rules concerning rights and duties of the parties involved in a certain part of the
electric power system

Note 1 to entry: For example: grid code, distribution code.

[SOURCE: IEC 60050-617:2009, 617-03-03]
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3.2

connection agreement

agreement entered between the system operator and a system user which governs the
procedure and conditions for connection

[SOURCE: IEC 60050-617:2009, 617-04-03]

3.3
declared supply voltage
U, (abbreviation)

supply voltage U_ agreed by the network operator and the network user

different Cording

NOte 1 t Ulltly. CUIIUIG::y dUU:aIUd ouyy:y VU:thU UC ;O thv IIUIII;IIG: VU:tGUU UN but ;t LLRE®)
to the agreement between the network operator and the network user.
3.4
electrigity
set of the phenomena associated with electric charges and electric curre

[SOURKCE: IEC 60050-121:1998, 121-11-76]

Note 1 t¢ entry: In the context of electric power systems, electricit articular

charactefistics.

3.5
electrgmagnetic compatibility

ability pf an equipment or system to f v bnment
withouf introducing intolerable electro banses to anything in that environment
[SOURLCE: IEC 60050-161:1990, 161-0

3.6

(electrbmagnetic) compé

specifigd electromagnedi in the
setting|of emission ang

Note 1 t¢ entry: B i hat it will
be exceqgded by the astwal di

3.7

flicker

impressi inance
or speq

Note 1 e visual
phenomg ws very
rapidly can be
annoying.

Note 2 t¢ entry:” For the time being, flicker is qualified based on incandescent lamp’s behavior.

SOUR o acnnon—a404..4000—4-04-00 4.0 P N I S DA T £ Al ak 4 n A |
[ L. TEU UUUJUTTUT. TIIU, TUTZUOT T, TITUUITITU (dUUTUUIT UT'INULTS LU TITLNY ) |

3.8
flicker severity
intensity of flicker annoyance evaluated by the following quantities:

e short term severity (Pg) measured over a period of ten minutes;

e long term severity (P;) calculated from a sequence of 12 Pst-values over a two hour
interval, according to the following expression:

Note 1 to entry: For details of Pst and PIt, see IEC 61000-4-15.
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3.9
frequency deviation
difference between power supply frequency (fy 1) and nominal frequency (fy)

3.10

group total harmonic distortion
THDG (abbreviation)

THDG y(symbol)

ratio of the r.m.s. value of the harmonic groups (Yg,h) to the r.m.s. value of the group
associated with the fundamental (Y 4):

hmax Y 2
THDGy = > [—9”’]
iz \ Yo

Note 1 tp entry: The symbol Y is replaced, as required, by the symbol | for cu s OR by the Rol U for
voltages

[SOURCE: IEC 61000-4-7:2009, 3.3]

3.11
harmohic frequency
fy,n (@jbreviation)

frequency which is an integer multiple
[SOURCE: IEC 61000-4-7:2009, 3.2.1,

3.12
harmohic order
h (abbieviation)
(integef) ratio of a harmonic

3.13
harmohic ratio Q
HR (abjpreviation)

ratio o
(U1 or

3.14

mains
signal
the pulli

Note 1 t¢ entry:) Three types of signals in the public supply network can be classified:

e ripple_control signals: superimposed sinusoidal voltage signals in the frequency range 110 Hz to 3 000f{Hz;

e power-line-carrier signals: superimposed sinusoidal voltage signals in the frequency range 3 kHz to 148,5 kHz;

e mains marking signals: superimposed short time alterations (transients) at selected points of the voltage
waveform.

3.15

network operator

system operator

party responsible for safe and reliable operation of a part of the electric power system in a
certain area and for connection to other parts of the electric power system

[SOURCE: IEC 60050-617:2009, 617-02-09]

3.16
nominal frequency
fy (abbreviation)

value of frequency used to designate or identify a system
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3.17
nominal system voltage
Uy (abbreviation)

value of voltage used to designate or identify a system

[SOURCE: IEC 60050-601:1985, 601-01-21, modified (addition of abbreviation, removal of
"suitable approximate" from beginning of definition)]

3.18
normal operating conditions (of a public electricity supply system)

operating conditions of a public electricity supply system typically including all generation
variations, load varlatlons and reactlve compensatlon or fllter states (e g shunt capacnor
states)—ptannec - : - ' ' arce—2 ruction
work, mon-ideal operating cond|t|ons and normaI contmgenmes under i sidered
system| has been designed to operate

Note 1 t¢ entry: Normal system operating conditions typically exclude exception@al situations ‘suct as: bnditions
arising as a result of a fault or a combination of faults beyond that planned for y’qtandard,
unavoidgble circumstances (for example: force majeure, exceptional weather¢condition > lisasters,
acts by public authorities, industrial actions), cases where NETWORK USERs significg S Emission

limits or] do not comply with the connection requirements, and temp6ra N lgements
adopted [to maintain supply to NETWORK USERSs during maintenance ors uCti , ere otherwige supply
would bq interrupted.

[SOURKCE: IEC TR 61000-3-6:2008, 3.14, modified ("@ ic~elecjricity supply qystem"”

added to term and definition)]

3.19
percentile value
Uyo, (symbol)

value quch that x percent (x %) of me
a given period

e, over

3.20
planning level

level of a particuJar di
the limjts to be
co-ordihate those lim

be con

; alue for
e installations in a particular system, in drder to
adopted for equipment and installations intended to

Note 1t : i arexconsidered internal quality objectives to be specified at a local level py those
responsi q 3 ati e power supply system in the relevant area.

[SOUR

3.21
point ¢
PCC (dbbréviation)
point irf apublic power supply network, electrically nearest to a particular load, at which other
loads are or may be connected

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct network user’s installations.

[SOURCE: IEC 60050-161:1990, 161-07-15, modified ("consumer's installation" replaced by
llloadll)]

3.22

supply terminals

point in a distribution network designated as such and contractually fixed, at which electric
energy is exchanged between contractual partners

Note 1 to entry: Supply terminals may be different from the boundary between the electricity supply system and
the user’s own installation or from the metering point.

[SOURCE: IEC 60050-617:2009, 617-04-02, modified Note 1 to entry]
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3.23

(power) network user

party supplying electric power and energy to, or being supplied with electric power and energy
from, a transmission system or a distribution system

[SOURCE: IEC 60050-617:2009, 617-02-07]

3.24

power quality

characteristics of the electricity at a given point on an electrical system, evaluated against a
set of reference technical parameters

Note 1 to entry: These parameters might, in some cases, relate to the compatibility between electricity supplied
on a netyork and the loads connected to that network.

Note 2 tp entry: In the context of this Technical Specification, power quality refe inals and

focuses pn defining the characteristics of the voltage and frequency.

[SOURCE: IEC 60050-617:2009, 617-01-05, modified ("elect
frequencies" replaced by "electricity" and Note 2 to entry added

ye and

3.25
power [quality indices

technigal parameters characterizing the quality of at a given point,

relevarlt for the assessment of the quality of the elecfrici i C aynetwork operdtor
3.26

profile

specifi¢ation that supplement a stand i i eds of

users ih a geographic area or in an applicati

3.27
r.m.s. value of a harmoni
Yu,n (apbreviation)

r.m.s. yalue of one of he _harmonic frequency in the analysis of|{a non-
sinusoidal wavefopm. i ponent may be referred to simply as a 'hafmonic'
Note 1 t¢ entry: TQ i 2 as regquired by the symbol / for currents, by the symbol U for vltages.
Note 2 t¢ entry: For myre
[SOURLCE:

3.28
r.m.s. ydlue of
Yg,n (apbre

square of the squares of the r.m.s. value of a harmonic and the gpectral
compohents adjac to it within the time window, thus summing the energy contentg of the
neighbpring components with that of the harmonic proper

Note 1 to entry: The symbol Y is replaced, as required by the symbol | for currents, by the symbol U for voltages.
Note 2 to entry: For more details, see IEC 61000-4-7:2009.

[SOURCE: IEC 61000-4-7:2009, 3.2.4]

3.29

r.m.s. value of an interharmonic centred subgroup

Yisg,n (abbreviation)

r.m.s. value of all interharmonic components in the interval between two consecutive
harmonic frequencies, excluding frequency components directly adjacent to the harmonic
frequencies

Note 1 to entry: The r.m.s. value of the centred subgroup between the harmonic orders h and h + 1 is designated

as Yisg,h; for example, the centred subgroup between h =5 and h = 6 is designated as Yisg,sA

Note 2 to entry: For more details, see IEC 61000-4-7:2009.
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[SOURCE: IEC 61000-4-7:2009, 3.4.4]

3.30

r.m.s. value of an interharmonic component

Y¢,i (abbreviation)

r.m.s. value of a spectral component of an electrical signal with a frequency between two
consecutive harmonic frequencies

For brevity, such a component may be referred to simply as an ‘interharmonic’.

Note 1 to entry: For more details, see IEC 61000-4-7:2009, 3.4.2.

3.31

rapid yottagecthange

RVC (dbbreviation)

quick transition (that may last more than several cycles) in r.m.s. voltage betw % steady-
state cpnditions while the voltage stays in-between the thresholds defined » swells

and digs (otherwise, it would be considered as a swell or a dip)

RVC ig expressed by the relative steady-state voltage change\g QY- & maxiny relative
r.m.s. yoltage change aggregated over several cycles.

Note 1 t¢ entry: For more information, see IEC 61000-4-30.

3.32
recommended values
value ynder which, or values within whi
providipg an acceptable quality of the e

view of

Note 1 t¢ entry: The characteristics of electricjtyagreed br set by
national/regional regulatory authority can be logally optimiz
3.33
reference voltage (for i ! . ipsand voltage swells measurement and
evaluation)
value
express

3.34
supply
r.m.s.
measu

rminal,

combination Seve i i ined over

In th|s Techmcal SpeC|f|cat|on 3 s value refers to IEC 61000-4- 30 150/180 cycle interval
alue are

Note 1 fo ‘entry:
aggregatian
also defined in IEC 61000 4- 30.

[SOURCE: IEC 61000-4-30:2015, 3.31, modified (modification of Note 1 to entry)]

3.36

total harmonic distortion

THD (abbreviation)

THD y(symbol)

ratio of the r.m.s. value of the sum of all the harmonic components (Yy ) up to a specified
order (h,4) to the r.m.s. value of the fundamental component (Y}, 4):

THDy =
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Note 1 to entry: The symbol Y is replaced, as required, by the symbol / for currents or by the symbol U for
voltages.

Note 2 to entry: For more information, see IEC 61000-4-30:2015, 5.8.1.

3.37

transient overvoltage

voltage surge

transient voltage wave propagating along a line or a circuit and characterized by a rapid
increase followed by a slower decrease of the voltage

[SOURCE: IEC 60050-161:1990, 161-08-11]

3.38
voltagé deviation
difference between supply voltage (U) to nominal voltage (Uy), often gkpressed by-felative

value

Note 1 t¢ entry: In some circumstance, Uy may be replaced by U by contract or agreexnent.

3.39

voltage dip
sudder reduction of the voltage at a point in an electriga
after a

voltage rgcovery

Note 1t

[SOURCE: IEC 60050-161:1990, 161<08-1Q

3.40
voltage fluctuation
series pf voltage changes of a cyclic v

Note 1 t¢ entry: For the purpose of thi ) Yo, declared
voltage ¢f the supply systenf

[SOURCE: IEC 60050 Note 1
to entry)]

3.41

voltage short tim

disapp en two
specifigd limifs

Note 1 hder the
interrupt r limit of
the durati he cases

up to 3 d
[SOURCE:\EC 60050-161:1990, 161-08-20, modified Note 1 to entry]

3.42
voltage swell

sudden increase of the voltage at a point in an electrical system followed by voltage recovery
after a short period of time, usually from a few cycles to a few seconds

Note 1 to entry: The starting threshold of voltage swell generally is 110 % of reference voltage.

3.43

voltage unbalance

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

[SOURCE: IEC 60050-161:1990, 161-08-09, modified ("r.m.s. values" replaced by
"magnitudes")]
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3.44

voltage unbalance factor

in a three-phase system, the degree of unbalance expressed by the ratio (in per cent)
between the r.m.s. values of the negative sequence (or, rarely, of the zero sequence)
component and the positive sequence component of voltage

[SOURCE: IEC 60050-604:1987, 604-01-30, modified (addition of "voltage" to term)]
4 Recommended values for power quality indices

41 General
Regarding phenomena that occur contmuously over t|me thls Technlcal SpeC|f|cat|on

provide Hitions.
It consliders an observation period of at least one week, e.g. in order(to take account for
variatign in loads.

Measufement of voltage characteristics requires an aggregation time its actual
calculation of the voltage and for comparability between resule NeJe] ime. In
the cas ) i 0-4-30
is used for most phenomena.

NOTE 1

NOTE 2 ion period
and/or aggregation time intervals.

The varsatility and adaptability of eléctrici igni bability
factors|to the recommended values : ali ices. ALUES
are then compared to the recommende C statistically fulfilled within the
observ be less than 95 %.

Flaggirng concept is used jN\hi = pegificatiolr’according to IEC 61000-4-30. |Unless
otherw(se indicated (e.g. (£ ation)s dgged data is excluded in the calqulation
of percentile values.

Network disturbaptes sorrespgndingXo discoptinuous phenomena or events shown in ftable 1
requirel a relativ i i Depending on the frequency of their ochrrence
and the wanted leVe atistics y, this period can vary between a single season to
severa| years. ThesSe\phet S ostly unpredictable, which make it very difficult|to give

useful ini espohding characteristics. The values given in this Technical
Specifitation t > sharacteristics associated with such phenomena, i.e. yoltage
dips/swells, and rapid voltage changes, shall be interpreted as indicative.

The frdqueney shall be maintained within a given deviation from the specified value, 50 Hz or
60 Hz, [innorder to maintain a stable power system operation.

NOTE In different synchronous areas, different requirements may apply (generally originated from grid codes).
4.3 Supply voltage deviation

4.3.1 General

The voltage deviation values are established according to standard voltages and voltage
ranges defined in IEC 60038.

4.3.2 Low voltage systems

For low voltage systems, recommended values are based on NOMINAL VOLTAGE (Uy).

Data flagged by voltage dips and swells shall be included in the calculation of percentile
values.

NOTE 1 In low voltage systems, declared and nominal voltage are equal.
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NOTE 2 The nominal voltage Uy, for public low voltage is either, between line and neutral, or between lines.

Under normal operating conditions, during each period of one week, the 10 minute r.m.s.
values of the voltage at the supply terminals (U), excluding the periods of interruptions,
should comply with the following conditions:

e voltage percentile Up% does not exceed Uy + 10 %;
e voltage percentile Ugg, is not lower than Uy - 10 %;

p having a value in the range [99, 100] according to national/regional conditions

B having a value of 5 or in the range of [0, 1] according to national/regional conditions

NOTE In some countries/regions, voltage range can be specified asymmetrically with r
eg.+6V~—-14%.

nominal| voltage,

e And, if > 100 - p, voltage percentile U4gg.p5)9 is not lower than
NOTE The limits of the supply voltage deviation are more restrictive in some
4.3.3 Medium voltage systems

Network users with demands exceeding the capacity of th& L s Lpplied
at nomfinal voltages above 1 kV. This clause applies i ominal
voltaggs up to and including 35 kV.

NOTE Network users may also be supplied at this voltage\le i 5 mitigate
conductgd disturbances emitted by their equipm

For megdium voltage systems, recommye ; bE (U,).

Data flagged by voltage dips and sw centile
values

Under |normal operating
values |of the voltage a
comply

r.m.s.
should

e VO
e vol

e vol
NOTE 1
NOTE 2
4.3.4

This clause-applies.o
230 kV

voltage.

electricity supplies at nominal voltages above 35 kV and not exgeeding

NOTE 1 Network users may also be supplied at this voltage level to satisfy special requirements or to mitigate
conducted disturbances emitted by their equipment.

NOTE 2 The number of network users supplied directly from HV networks is limited and normally supply voltage is
subject to individual contract.

For high voltage systems, recommended values are based on declared voltage (U,).

Data flagged by voltage dips and swells shall be included in the calculation of percentile
values.

Under normal operating conditions, during each period of one week, the 10 minute r.m.s.
values of the voltage at the supply terminals (U), excluding the periods of interruption, should
comply with the following conditions:

e voltage percentile Ugqo, does not exceed U, + 10 %;

e voltage percentile Uqo, is not lower than U, -10 %.
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4.4 Voltage unbalance

Under normal operating conditions, during each period of one week, the 10 minute value of
negative sequence voltage unbalance factor should be less than or equal to the
recommended value for 95 % of time or more.

For three phase LV, MV, and HV supply system, negative sequence voltage unbalance factor
£(%) recommended value is 2 %.

NOTE In some countries/regions with part single phase or two phase connected network user’s installations,
unbalance up to 3 % at three phase supply terminals may occur.

4.5 Flicker

Under prormratoperatinmgcomditions; durimg—eachperiod—of orme—week;,the=flickersevarity P

should|be less than or equal to the recommended values defined in T 5.%[of time
or more.

In the ¢ase of complaints, the HV and MV limits and appropriate miti hall be

chosen| in such a way that at LV the P}, values do not exceed 1

Table 2 — Flicker severity P|; recomrien

Voltage levels

(
LV/MV N\\/ In 1.0
OO SEVART
N/

NOTE 1| The recommended values are based gn the effe
Modern

NOTE 2| These limits take into co

oltage fluctuation on classical incandescent lamps.

4.6 Harmonic and interhar
4.6.1 General

Recommended @7 [ namely
HARMONIC RAT %

Resondances may’ ca i effects
should e

Recom s well.
Howev control
system ce.
4.6.2

4.6.2.1 Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile
Ungs o, of the 10 minute r.m.s. values of each individual harmonic voltage should be less than

or equal to the values given in Table 3.
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Table 3 - Recommended values of individual harmonic voltages at the low voltage
supply terminals for orders up to 50 given in percent of the fundamental voltage U,

Odd harmonics

Even harmonics

Not multiples of 3 Multiples of 3 2
Order U os9 Order U959 Order U5
h (%) h (%) h (%)
5 6,0 3 5,0 (6,0) 2 2,0
7 5,0 9 1,5 (3,5) 4 1,5
1 35 15 052 0) 624 075
1 3.0 21 0,5 (1,5) (

j 2,0 K
1o 1,8 O\
; RS
5 \

1,5

29<h< 49 2,27 x (17/h) = 0,27 | 27 <h< 45 02\ 25 x (10/h)) + 0,25

\2%
2 Depgnding on the type of neutral grounding systems and trgnsformer fions IR some countries/fegions,
morqg triplen harmonics will flow in neutral conductors and mdy tause |ghe monic voltages. Ip these

casep, the highest value in brackets in Table 3 should afdé\u te amterl e the system harmonic vo|tages.

VO gewic orders up to 50,[should

d to calculate THD, maintaining the same

The tofal harmonic distortion (THD) of t
be lesg than or equal to 8 %.

NOTE I some countries/regions
recomme¢nded value.

4.6.2.2 Interharmonic

The sgme statistical oagl e xange of values (see Table 3) should apply to
harmonic (centre imdividual harmonic voltages from the pfevious
section. The grouyp t6ia ic-q tor ion (THDG) of the supply voltage should also pe less
than orlequal to 8

In addition, based ¢ gideration suggested in IEC 61000-2-2, indicative|values
and indi - ws. Under normal operating conditions, during each pgriod of
one wegek,. the interharmonici\yottage percentile Uy g5 o, of the 10 minute r.m.s. values ¢f each

interhar i group voltage should be no higher than those of the afjacent
harmonic vo 2\Qgi i

4.6.3

4.6.3.1 Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile
Ungs o, of the 10 minute r.m.s. values of each individual harmonic voltage should be less than

or equal to the values given in Table 4.
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Table 4 - Recommended values of individual harmonic voltages at the medium voltage
supply terminals for orders up to 50 given in percent of the fundamental voltage U,

Odd harmonics Even harmonics
Not multiples of 3 Multiples of 3 @
Order U os9, Order U os9, Order Ui gs9,
h (%) h (%) h (%)
5 6,0 3 5,0 (6,0) 2 2,0
7 5,0 9 1,5 (3,5) 4 1,5
11 3.5 15 05 (2.0) 6..24 0.75
13 3,0 21 0,5 (1,5) (
N
7 RQIN
19 1,8 <\
03 1,5 ¢ N
25 1,5 \\\
294h< 49 2,27 x (17/h)- 0,27 27 <h< 45 0,2 \ \Sksh\w\ }25 x (10/h)|+ 0,25
NOTE Where national/regional circumstances make it appfopriate, | i han the
values given in Table 4.
NOTE 4 Depending on the type of voltage transformer uged\t may be
not religble; further information is given in IEC/61800-4,-30°20 ¢
NOTE 3 When end-use equipment is not dire e more
approprfate to allow coordination of disturbance |
@ Depgnding on the type of neutral grounding sys § and\{ransforgher connections in some countries/fegions,
morgq triplen harmonics will w in neutral\cond s an cause higher harmonic voltages. Ip these
casep, the highest value in tsﬁe'lj%bﬁe\ sholid de&ua ly characterize the system harmonic vo|tages.

rac
N

N,

ply voltage for orders up to 50, should pe less

The tofal harmonis di
than orequal to

NOTE 40, only, are used to calculate THD, maintaining the same
recommg
4.6.3.2
The s3 isti S and same range of values (see Table 4 should apply to
harmoni voltages as to individual harmonic voltages from the pfevious
section|. armonic distortion (THDG) of the supply voltage should also be
limited
In addition,\based o a prudent consideration suggested in IEC 61000-2-12, indicative|values

and indices should be as follows. Under normal operating conditions, during each pgriod of
one week, the interharmonic voltage percentile U, g5 o, Of the 10 minute r.m.s. values of each
interharmonic centred subgroup voltage should be no higher than those of the adjacent
harmonic voltage given in Table 4.

4.6.4 High voltage systems
4.6.4.1 Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile
Ungs o, of the 10 minute r.m.s. values of each individual harmonic voltage should be less than

or equal to the values given in Table 5.

It is worthwhile mentioning that for HV transmission systems, one must realize the different
purpose of voltage quality objectives. In contrast to low or medium voltage systems, quality
objectives for harmonics in HV transmission systems are not directly related to their impact on
equipment as the end-use equipment is not directly connected at HV. Indeed, these indicative
levels are well below the levels that could cause immediate disturbances on the equipment.
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The indicative values on transmission systems are aimed at coordinating disturbance levels
between different parts of the system or different voltage levels and may serve as indication
of holistic network problems which warrant consideration.

Consequently, the indicative values of individual harmonic voltages at the higher voltage level
should not be higher than the value for the lower one (MV and LV).

Table 5 — Indicative values of individual harmonic voltages at the high voltage supply
terminals given in percent of the fundamental voltage U,

Odd harmonics Even harmonics
Not multiples of 3 Multiples of 3
Ofder U, Order U, Order U,
h (%) h (%) R O (%
5 2,0-50 3 2,0 - 3,0 &\ 1,5N1,9
7 2,0 - 4,0 9 1,0-2,0 ¢ ¢ 0611
11 1,5-3,0 \ \Q\Xz \ 0,
3 15-2,5 SOON\AL N

Y
NOTE Limits for individual harmonic voltage of order higher/than 13 are notdefined due especially to|limited
accuragy of voltage transformers currently in use on HV sysfems r me|sdrement accuracy, an appfopriate

type of|voltage transformer should be used, particularly fo

ent of highef order harmonics
NOTE R Due to the wide range of voltage/levels i i %3 kY) and where national/regional
circumgtances make it appropriate, limits fox intefrpediate valtage l\eve be specified within the range of

values given in Table 5.

The total harmonic distortign (THD)
within 3 % to 6 % (includigg har [

thpl\@e should be limited under & value
I ore

NOTE In some countries/régions) orders ~Qanly, /are used to calculate THD, maintaining the same
recommended value.

4.6.4.2 Inter

The sgme statistica C 2 samre range of values (see Table 5) should apply to
harmoni ; 3s” to individual harmonic voltages from the pfevious
section|. onic distortion (THDG) of the supply voltage should glso be
limited [under A value W

In additiohNhasedyon & pruderit consideration suggested in IEC 61000-2-12, indicative|values
and indi pe_as follows. Under normal operating conditions, during each pgriod of
one wegek, thed armohic voltage percentile Uy g5 o, of the 10 minute r.m.s. values ¢f each

interharmonic_centred” subgroup voltage should be no higher than those of the afljacent
harmonic/voltage given in Table 5.

4.7 Voltage dip

Voltage dips typically originate from short-circuits occurring in the public network or in
network users’ installations. The annual frequency varies greatly depending on the type of
supply system and on the point of observation. Moreover, the distribution over the year can be
very irregular.

The power quality characteristics of individual events are defined for each individual phase,
by residual voltage and duration, despite the specific shape of the r.m.s. voltage variation.
More assessment methods are described in 5.2 and 5.3 hereafter.

Where assessments are performed or statistics are collected to be provided to network users
or authorities, voltage dips should be classified according to Table 10.

For polyphase measurements, it is recommended that the number of phases affected by each
event is detected and stored.
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Generally, according to the network user connection, or the concrete situation, line to line or
line to neutral voltage shall be considered.

4.8 Voltage swell

Frequently, voltage swell phenomenon may occur to be unpredictable and random. Depending
upon the magnitude and duration, voltage swell may affect different types of load differently
for the same voltage swell event. Recommended values of voltage swells are still under
consideration. More assessment methods are described in 5.2 and 5.3 hereafter.

Where assessment is performed or statistics are collected to be provided to network users or
authorities, voltage swells should be classified according to Table 10.

For pol
event i

y each
5 detected and stored.

Generdlly, according to the network user connection, or the concreté\si i line or
line to pheutral voltage shall be considered.

4.9 Voltage interruption

On single-phase systems, a voltage interruption begins w! $ under

interruption threshold.

On polyphase systems, a voltage interruption begin bhases

falls under interruption threshold.

Interruption threshold is generally 5 9

Even when referring only to normal operating

interruptions varies substantially between~areas.
differenpces in system |3 .g. ca
envirorimental and climati adi )

supply
is due to, among other [things,
versus overhead line systems),

In mos§ countries/regigns, specific i supply indices are established by regulators in
order fo facilitatenbenchmarki performance of the network operators undgr their
jurisdigtion. Th 3 d grators to meet their obligation to routinely report
contindity of supply’pé

In the |context
addresp
and mg

gcification, voltage short time interruptions are |mostly
me voltage interruptions are referred to in IEC 61000-4-30
are described in 5.2 and 5.3 hereafter.

Where i grmed or statistics are collected to be provided to network users or
Authoriti ge ¢ ime interruption should be classified according to Table 10.

4.10

The public’ networks may be used by the network operators or network users for the
transmission of signals. Three types of systems are considered by standards:

e ripple control systems that are used by electrical utilities in public supply networks, in the
range of 100 Hz to 3 kHz, generally below 500 Hz, with signals up to 5 % of Uy under

normal circumstances and up to 9 % of Uy in cases of resonance;

e power-line carrier systems used by electrical utilities in public supply networks, in the
range 3 kHz to 95 kHz, with allowed signal levels up to 5 % of Uy. These signals are

strongly attenuated in the network (>40 dB);

e signalling systems for end-user premises (residential or industrial) in the range of 95 kHz
to 148,5 kHz in Europe (ITU region 1), with allowed signal levels up to 0,6 % of Uy or 5 %
of Uy, respectively. In some countries/regions the upper frequency is 500 kHz, with
allowed signal levels between 2 — 0,6 mV.

Signal voltages recommended values in LV and MV are indicated in Figure 1.
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Figure 1 — Signal voltages recommended value

NOTE 1| Due to the low resonance frequency of the HV networ, » mains signalling [voltages.

NOTE 2| The effective use of mains signalling is challeng e’pfesgnce ofkharmonic, interharmonic pnd high
frequendy conducted disturbances generated by e tlve Ipfeed Converters). Conpatibility
requirements addressing the intentional sig ances\are er’consideration by EMC {echnical

committges.

4.11 Rapid voltage change

Under [normal operating conditions (& ild not
exceed indicative values.

Rapid yoltage change [mdi i ~ , MV and
HV.

These palues spé}c r very-
short time intervals € i iati i i als are
to be ajggregated sed on
the usyal desig kample.
In some egional

circumstance 3 iven in
this Tefhni S i

NOTE I
IEC 61000-3-3

4.12 Transient overvoltage

4.12.1 Low voltage systems

cification, no values are given for the maximum voltage change (d__ ) as dgfined in

max

Transient overvoltages at the supply terminals of LV systems are generally caused by
lightning (induced overvoltage) or by switching in the system or in the installation. More
information on overvoltage can be found in IEC 61000-2-14.

NOTE 1 The rise time can cover a wide range from milliseconds down to much less than a microsecond. However,
for physical reasons, transients of longer durations usually have much lower amplitudes. Therefore, the
coincidence of a high amplitude and a long rise time is extremely unlikely.

NOTE 2 The energy content of a transient overvoltage varies considerably according to the origin. An induced
overvoltage due to lightning generally has a higher amplitude but lower energy content than an overvoltage caused
by switching, because of the generally longer duration of such switching overvoltages.

For withstanding transient overvoltages in the vast majority of cases, where necessary (see
IEC 60364-4-44), surge protective devices should be selected according to IEC 60364-5-53,

to take account of the actual situations. This is assumed to cover also induced overvoltages
due to both lightning and switching.
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4.12.2 Medium and High voltage systems

Transient overvoltages in MV or HV supply systems are caused by switching or by lightning,
directly or by induction. Switching overvoltages generally are lower in amplitude than lightning
overvoltages, but they can have a shorter rise time and/or longer duration. More information
on overvoltage can be found in IEC 61000-2-14.

The network users' insulation coordination scheme should be compatible with that adopted by
the network operator.

5 Objectives and methods for power quality assessment

5.1 General

Generdlly, power quality assessmenis are made for.

e Network operator performance evaluation

Thig evaluation is often required by either regulatory authorities<or sers to
vallle power quality against relevant standards, e.g. asse nplaint,
verf{fication of compliance with connection agreement, co llation,
or henchmarking.

e Tropble shooting

To diagnose power quality related problems suc}p s Mm/ha i custom
profucing process abnormal interruption, i y y, raw

ungggregated power quality measytement ng, as
they permit any type of post-procegsing

In this case, emphasis should be\focused hich is
invaluable in determining sources/causes of poweriquality disturbances, since it can help
to determine if the cause of the psuring

insfrument.

e Sygtem planning
Power quality is anNmgpoxtant\asrect\fo
expiansion or gonnection of, new sensitive
al adorag f).

Attenti i C

evaluafi

e development of the network for pystem
or disturbing installations (these could be either

quality

e |methods by which assessment results come out from the large numper of
W@MWMM i i i after.

Although some types of disturbances are assumed to be continuous phenomena likely to be
present on any supply terminals, it is also important to keep in mind that these types of
disturbances vary widely in time. Accordingly, any assessment approach used should
carefully consider whether the time varying nature of these disturbances is properly
addressed.

5.2 Site power quality assessment
5.2.1 General

For site power quality assessment, two kinds of methods are often used commonly depending
on the concerning phenomena.

e Statistical indices like percentile values, maximum or mean values over a certain period of
time

e Event counting and tabulating.
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5.2.2 For continuous phenomena

For continuous power quality phenomena assessment focusing on site, methods defined in
Table 6 are recommended in this Technical Specification.

Table 6 — Site power quality assessment methods

Assessment indices
Phenomena Minimum not exceeding corresponding not exceeding Indicative value ¢
assessment recommended values ® k times
period 2 corresponding
recommended
values ©
Supply 1 week Voltage Low level Upper | and
voltage] level
deviatign values
LV B % weekly |p % weekly i ing
(see 4.3.2) 10 minute 10 minute ;
r.m.s. r.m.s.
values, B = |\gjyes.
Sorpe €199, 100
_b1 oz | P19 100
Za
[0, 1]
if > 100 -
MV
(see 4.3.3)
: HV\\/
ece 34) wgekly 10
minute
r.m.s.
/\ values.
Voltag week\ 95 eekly 10 minute r.m.s. values |99 % daily 3 s Max. daily 3 s vplues
unbala (see 4.4) values with corresponding
time stamp.
Flicker M 95 % weekly 2 h P, values 99 % daily 10 Max. daily 10 mjinute
(see 4.5) minute P, values | P, values V.Vlth
corresponding tme
stamp.
Harmonics 1 week 95 % weekly 10 minute r.m.s. values |99 % daily 3 s Max. daily 3 s values
and inter- (see 4.6) values with corresponding
harmonics time stamp.
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Assessment indices
Phenomena Minimum not exceeding corresponding not exceeding Indicative value ¢
assessment recommended values P k times
period 2 corresponding
recommended
values ©
Mains 1 day 99 % daily 3 s values Max. daily 3 s values
signalling (see 4.10) _ with corresponding
voltage time stamp.

a

b
quality

¢ Asse
by long
the PQ
conside

4 Only
for furth
incident

For long time measurement assessment, an assessed weekly value should be retained on a daily sliding basis;
Figure 2 is an example.

egulation, or benchmarking.

ssment for more detailed power quality during assessment period. The coeffi€i
term measurement campaigns in several sites in order to proper charactefi
very short-time indices given in Table 6. The detailed value/or range of
Fation.

for trouble shooting purpose. Here corresponding time stamp with appropni

er post analysis in case of incident occurring at the same tim find oyt th
and the power quality parameter indices. \

ce with

ermined
ed with
s under

needed
een the

NOTE 1
indicate(

NOTE 2
30;3s
nominal)

~N

ccording\o’ | 61

Flagging concept is used in this Technical Specification

alues are referred to ‘150/180-cycle i
defined by IEC 61000-4-30.

0-4-30. Unless dtherwise

51000-4-
or 60 Hz

1,5 times ! i 1

Tecommenaed values \/ !

e P e s T S e

IEC

Figure 2 — An example for illustrating voltage THD assessment result trends

5.2.3

For discontinuous phenomena (single event)

For individual event evaluation, residual voltage and duration combined with the RMS voltage
variation shape during each event can be tabulated like in the example for a single event
assessment presented in Table 7 and Figure 3.

NOTE The measurement and detection methods for voltage swells, dips and short time interruptions should be in
accordance with IEC 61000-4-30.
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Table 7 — Example of single event assessment

Event Attribution Detailed Characterization
Location East station 10 kV busbar
Time Stamp 2011-06-30 12 h:36 m:12.2150 s
Capturing Threshold 80 %
Residual Voltage 21 %
Time Duration 81,9 ms
RMS Variation Shape Upper part in Fig 3
Point on Wave Lower partin Fig 3
120 A\ N
100
S 80—
g 60—+
g
5 40—
>
20—
0 T I T 1 f
0 0,05 0,10 0,15 20 0125 30 0,35
Timé 6
S
(]
g
S
>
200
IEC
e showing information of single event assessment
5.3
5.3.1
For s ) power quality assessment, weighting rules may be¢ used
applying both*to statistical indices and events in order to get global results depending|on the
details |of\Collection of single points.

5.3.2 For continuous phenomena

For system power quality indices, there are no corresponding recommended values, but the
assessment based on site evaluation results can give very useful information for system
power quality management.

Annex B gives an example of system aspect continuous disturbance evaluation.
5.3.3 For discontinuous phenomena (events)

5.3.3.1 General

For system aspect assessment of events, the following SARFI methods combining with the
magnitude-duration table (TABLE 10) can be used.

NOTE 1 Detailed information about SARFI methods is presented in IEEE 1564.
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NOTE 2 For system aspect assessment of events, several methods are also presented in CENELEC TR 50555,
Interruption indices.

Time aggregation method, in the case of multiple successive events, should be used prior to
the assessment. The time aggregation duration is defined as 1 minute in this Technical
Specification, within which all events can be counted as one event whose magnitude and
duration are those of the most severe observed during this interval.

Different aggregation methods may be selected for individual purposes; some reference rules
are given in IEC TR 61000-2-8.

5.3.3.2 SARFI method

SARFI is an acronym for System Average RMS variation Frequency Index (SARFI). It is a
power guality index that provides a count or rate of voltage dips, swells, Liptions
for a slystem. The size of the system is scalable: It can be defined nitoring
locatiof, a single network user service, a feeder, a substation, groups ©f subStatio - for an
entire power delivery system.

SARFI{X corresponds to a count or rate of voltage dips, swellg N blow or
above p voltage threshold. For example, SARFI-70 consid i i Liptions
that arg below 0,70 per unit, or 70 % of the reference vofages SAR i voltage
swells that are above 1,1 per unit, or 110 % of the reference™

In this [Technical Specification, a rate of 30 days (n mbr < i nended
for asspssment of voltage dips, swells and/or inteTrugtiohg eshold.

The following is an example using t ) ‘ esidual
voltaggs with corresponding events durati ' ioring site and Table 9 gives

SARFI{X indices coming out of Table Oct-1-
n&a ured at a single monitoring site

2000, tptal 92 days.
Time St M Voltage Event Duration
/\ (%) (ms)

Jo0172000,09:48620 N | > 73 180

JaPQR200009:5016 73 180
Ju-07\200Q 14220: 12— 0 1640
 Jukdg2bo0 ;5523 13 2000
< \ 1°2000,09:48:52 0 2600
~Nig082000'07:35:02 49 680

\SQR-()?ZOOO 08:30:28 0 41000

Sep-08-2000 10:30:40 59 800

Table 8 — List individua

Table 9 — SARFI-X indices coming out of Table 8

Index Count Events per 30 Days
SARFI-90 8 2,61
SARFI-70 6 1,96
SARFI-50 5 1,63
SARFI-10 3 0,98

5.3.3.3 Magnitude-duration table

It is clear that when using the SARFI method, the event time duration information is missing.
This will be remedied by using the magnitude-duration table described hereafter.
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— 29 —

Magnitude — duration table format is shown as Table 10. Each cell populates the total count
summing each event matching the corresponding residual voltage and duration restriction.
The values in Table 10 are out of Table 8.

Table 10 — Magnitude — duration table format

interruption

Residual Duration t
voltage
U% (ms)
10 < t < 200 200 <t< 500 | 500<t< 1000 | 1000<¢t< 5000<t<
5000 60 000

U>12 0 0 0 0 0
120 >Up 110 0 0 0 0 ( 0
90 >U ¥ 80 0 0 0 X K O 0
80 >U ¥ 70 2 0 0 & b\ o
705U % 40 0 0 2 \Q \ \ 0
40-Uf U, 0 0 0 (\\ \1\ \ 0
Un> U
Voltagg

NOTE

the interfuption threshold (U, ). Refer to IEC 61000-

All below
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Annex A
(informative)

Examples of PROFILES for Power Quality Specification

The following information is provided by experts from different countries/regions as examples.

NOTE This annex is intended to address the flexibilities offered in this TS, not to identify all the differences with

applicable national/regional standards.

A.1 LV public distribution in European countries

public distribution In European countries (applicable standard:

4.2 For systems with synchronous connection to an interconnected syste
— 50 Hz + 1 % during 99,5 % of a year;
— 50Hz+4 % /-6 % during 100 % of the time.

For systems with no synchronous connection to an interco
on certain islands):

— 50 Hz + 2 % during 95 % of a week;
— 50 Hz + 15 % during 100 % of the time.
NOTE The frequency assessment is based o 10ﬂalue according t

g. stpply s

IEC 61000-4-30

stems

i NS /10N

4.4 -
4.5 -
4.6.2( THD is calculated with harmo‘a{o‘\mbj
NOTE U,q 4 a d U e ENN50160 (Table 1)
4.6.2.p -

4.7 - L

S
EN I EORUE G SN

4.10

4.9 Intert@&i\tﬁ??hom%yeference voltage
N\ )

4.11 /‘N{r\agid\okag\e Mge limits are specified
N

4.12.1 -
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A.2 LV, MV and HV power supply system in China

LV,MV and HV power supply system in China

4.2 For LV, MV, and HV power supply systems with synchronous connection to an interconnected
system:

- 50Hz+0,2 Hz

For systems with no synchronous connection to an interconnected system or for weaker
systems:

- 50 Hz + 0,5 Hz

4.3 p and B: not defined
For LV power supply systems:
- UN +7 %

For MV and HV power supply systems:
— abs (plus deviation) + abs (minus deviation): 10 %

(abs: Absolute Value Sign)

44 - < \\ >

4.5 - /\\ o

4.6.2.1]14.6.3.1 — THD is calculated with harmonic orders up to \/
and 4.6.4.1 — Harmonics for LV,MV, and HV power supp sy tems®
Voltage | THD H/R\(%
(kV)/\Q/o) /b\ld {}a L<n|cg\ EY\e/uZlarmonlcs
0,38 5, ;0 2,0
LSONN
6 / 4,0 3,2 1,6
o\ Q)
35\ N30 | 24 1,2
\ E N\,
2,0 0,8
4.6.2.214.6.3.2 %K}a nics f \I}V/ower supply systems:
and 4.4.4.2
\,v%uage <100 Hz | 100 ~ 800 Hz
Uys1000v 0,2 0,5

< Uy>1000V | 0,16 0,4

N Valu here is for interharmonic ratio.
4.7 ~X \
4.8 B )
4.9 -
4.10 No Mains signalling voltage limits are specified
4.1 No rapid voltage change limits are specified

4.12 See GB/T 18481
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A.3 Example of a transmission system in Canada

Applies to high voltage 60 Hz networks from 44 kV to 230 kV

4.2 60 Hz + 1% (i.e. 59,4 to 60,6 Hz), during 99,9% of a year;
NOTE Does not apply to islanded systems.

4.3.4 -
4.4 Negative voltage unbalance factor is:
- 1,5 % for nominal voltage 230 kV;
— 2 % for nominal voltage from 44 kV to 161 kV.
4.5 P,=0,8
4.6.4.1 Table 5 - Indicatives values of individual harmonic voltages at the high voltage supily

terminals given in percent of the fundamental voltage U,

N\
Odd harmonics EéN mo}ws

Order Uh95% Or 95%

h (%) h %)

2 N2 \\\ NRE

3

5 2 \ \ 1
7

9

2 (] ()esn<o~] 0.5

11 \ )
13 M5
15 K ™ >
17<h%§\ \"k)

o M %\)

4.6.4.2 Voifage TH N
/\ \/\ D

4.7 -

4.8 -

4.9 ti&kth sho ism of reference voltage.

4.10

4.11 In some circumstances®, it can reach 6 % of nominal voltage.

ed as degraded operating conditions when equipment switching must be farried

4.12.2 -
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A.4 Examples of Profiles in Australia

Examples of Profiles in Australia
4.2 For the Australian mainland under normal conditions with no contingency or load event,
the required frequency is:
— 49,75 to 50,25 Hz, while maintaining 49,85 to 50,15 Hz 99 % of the time over a 30 day
period.
— For islanded systems, under normal conditions with no contingency or load event, the
required frequency is: 49,5 to 50,5 Hz
— Compliance is based on 4 second measurements
4.3.2 Based on what is published in AS 61000.3.100, it specifies V99% and V1%. However, this
standard has not yet had widespread adoption by the various statefegulators.
Accordingly, a wide range of practices currently still be adopted.
In any case according to AS61000.3.100 the parameters are;
- p= 99
4.4 Voltage unbalance is 2 % 30 minute values for g\%\\f\h |me \
4.5 — P, for LV/MV is 1,0 for 95 % of the tim A4
- and PIt for HV is 0,8 for 95 % of the ime
4.6.2.1 Under consideration — ever Viclpria \D/st bu@ code applies IEEE Standard
519-1992 , and total harmonhic d{stortio( limit
4.6.2.2 As per IEC 61000-2-2
4.7 Preferred 230V voltage &) and swé\kﬁsu@ent thresholds
Volta Phase-to-neutra }selﬁ)-phase 1 phase 3 wire centfe
threshol Itage voltage Neutral phase-to-phase yoltage
/N
d¥p\ s\«iu dip swell dip swel
1/%& 207 VN 262V | 360V | 456V | 414V 524
] .
48 ‘soes.Tapovel
4.9 (a)\ forgsin p e systems, falls below the interruption threshold of 10 %] of the
omiqal voltage, Un for at least a Y2 cycle
( ase systems, falls below the interruption threshold of 10 % of the pominal
<\ ) voltage, Un for at least a %2 cycle on all channels
4.10 ~X E\ewas per IEC
4.11 NQimits specified other than via flicker requirements
412 No limits specified
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Annex B
(informative)

Example on System Aspect Continuous Disturbance Evaluation

Firstly, two variables named Average Index x and Sample Standard Deviation s are defined by
equations at B1 and B2.

D x; (B1)

(B2)
x Sitd average value of one kind of disturbances, e.g., unbala
Xi The|assessment result (percentile values) of individUal site b i i (area).
n Total number of monitoring sites covered in this syste
s Sample standard deviation.
Thus, Average Index x and Sample St fem, or
area) aspect power quality evaluation ng this

method.

NOTE Max. andiMin. site\values are based on site percentile values.

Table W?nﬁgo\sg@ Power Quality Evaluation

Disturb M Avérage \Sam;y{e Maximum of | Minimum of
(\ val tandard site value site value

eviation
Voltag¥ THDXIY N\ N

FAicker Py

NQTE\\N todal number of sites should be list here.
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Annex C
(informative)

Main Impact of Poor Power Quality

When supplied by AC electricity, voltage magnitude and frequency are always the key factors
of concern for power supplies and end users as these factors are indeed fundamental to the
supply of quality power. If the supplied voltage or frequency is not within the reasonable
range, the performance of network users’ equipments will be impacted, and so will be the
power system itself.

Power clarify

the res should

should¢ On the

other hand, power quality also depends on the way in which it is be stant by

the equi is the

respongibili , ¢ he enforeement of

standa i i i i nd-use

equipn

CcA

The lo ons may causg some

serious high short-term harmonics

distorti wn due to over voltages.

Harmoni ing. ! i increases dielectric stress gnd the

power

— Capaci acte f i ct as, sinks for a particular order of hgrmonic
cur . i , G i w&r current if no forethought is given at the
desligning stage.

— Non-sinusoid (o] i Sulth uction of torque of induction motors.

— Harmonics wi with telephone, communication and analogue dircuits.

— Exd
whiE

ause errors in reading of induction type energy [meters

— Hig

— Harn 5es.

It is reporte  to the
development pment.
HARMONIC-*YO , if not controlled, might lead

(among other effects) to overloading or disturbance of equipment on the supply networks and
in electricity users’ installations.

In some cases, INTERHARMONIC VOLTAGES, even at low levels, can give rise to flicker, or
cause interference in ripple control systems.

C.2 Voltage unbalance

Voltage unbalance is always a concern as it affects the transformers, electrical motors, and
electrical generators.

— Voltage unbalance degrades the performance and shortens the life of a three-phase
motor.

— Current unbalance caused by voltage unbalance essentially creates counter-torque
(resistive torque). That is, it tries to make the motor turn in the opposition direction. This
will create heating.

— Voltage unbalance may also reduce the capacity of equipment such as motors or
generators if not properly taken into consideration at the design stage (equipment is
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normally designed and rated to account for some degree of voltage unbalance normally
present in any power system).

C.3 Voltage deviation

Large voltage deviations from the nominal values will shorten the life of electrical equipment,
lower the stable limit of power system and increase the cost of network operation. Equipment
operating under this condition will be malfunction, breakdown or damaged.

C.4

Frequency deviation

If frequency deviation exceeds the limit, the motor shall be protected by means stopping the

n

operati

C.5

memor
disrupt
voltags
effects

C.6

Flicker
it does
people
sensiti

c.7

Motor

still re
proces
loss of
differer
and co
extend

C.8

Transie
of varis

Voltage fluctuation

Flicker

are more typical of voltage dips or swells.

2 different voltage level from its peers a

errors,
Iting in
ct that
htioned

rF time,
fferent

nomes.

e load
ive. In

individual motor control units may sense the

nd at a
essing
ss and

ifetime



https://iecnorm.com/api/?name=550eb5bf05280aa360a694f979e2f959

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Recommended values for power quality indices
	4.1 General
	4.2 Frequency deviation
	4.3 Supply voltage deviation
	4.3.1 General
	4.3.2 Low voltage systems
	4.3.3 Medium voltage systems
	4.3.4 High voltage systems

	4.4 Voltage unbalance
	4.5 Flicker
	4.6 Harmonic and interharmonic voltage
	4.6.1 General
	4.6.2 Low voltage systems
	4.6.3 Medium voltage systems
	4.6.4 High voltage systems

	4.7 Voltage dip
	4.8 Voltage swell
	4.9 Voltage interruption
	4.10 Mains signalling voltage
	4.11 Rapid voltage change
	4.12 Transient overvoltage
	4.12.1 Low voltage systems
	4.12.2 Medium and High voltage systems


	5 Objectives and methods for power quality assessment
	5.1 General
	5.2 Site power quality assessment
	5.2.1 General
	5.2.2 For continuous phenomena
	5.2.3 For discontinuous phenomena (single event)

	5.3 System aspect power quality assessment
	5.3.1 General
	5.3.2 For continuous phenomena
	5.3.3 For discontinuous phenomena (events)


	Annexes 
	Annex A (informative) Examples of PROFILES for Power Quality Specification
	A.1 LV public distribution in European countries
	A.2 LV, MV and HV power supply system in China
	A.3 Example of a transmission system in Canada 
	A.4 Examples of Profiles in Australia

	Annex B (informative) Example on System Aspect Continuous Disturbance Evaluation
	Annex C (informative) Main Impact of Poor Power Quality
	C.1 Harmonic distortion
	C.2 Voltage unbalance
	C.3 Voltage deviation
	C.4 Frequency deviation
	C.5 Voltage fluctuation
	C.6 Flicker
	C.7 Voltage dip (or Voltage sag)
	C.8 Transient overvoltages 

	Annex D (informative) Power Quality Issues Related to Distributed Generation and Micro-grids
	D.1 Voltage deviation
	D.2 Harmonics
	D.3 DG magnetic bias (DC current injection)
	D.4 Voltage fluctuation and flicker
	D.5 High frequency conducted disturbances

	Annex E (informative) Methods to Maintain and Improve Power Quality
	E.1 Voltage deviation
	E.2 Harmonics
	E.3 Flicker
	E.4 Unbalance
	E.5 Voltage dip/swell/short  time interruption

	Annex F (informative) Relation between Power quality and EMC

	Bibliography
	Figures 
	Figure 1 – Signal voltages recommended values in percent of UN used in public LV networks (or Uc in public MV networks)
	Figure 2 – An example for illustrating voltage THD assessment result trends 
	Figure 3 – An example showing information of single event assessment
	Figure F.1 – Application points in a LV system (example)
	Figure F.2 – Relation between disturbance levels (Schematic significance only)

	Tables 
	Table 1 – Classification of electromagnetic phenomena addressed by power quality indices
	Table 2 – Flicker severity Plt recommended values
	Table 3 – Recommended values of individual harmonic voltages at the low voltage supply terminals for orders up to 50 given in percent of the fundamental voltage U1
	Table 4 – Recommended values of individual harmonic voltages at the medium voltage supply terminals for orders up to 50 given in percent of the fundamental voltage U1
	Table 5 – Indicative values of individual harmonic voltages at the high voltage supply terminals given in percent of the fundamental voltage U1
	Table 6 – Site power quality assessment methods
	Table 7 – Example of single event assessment
	Table 8 – List of individual events measured at a single monitoring site
	Table 9 – SARFI-X indices coming out of Table 8
	Table 10 – Magnitude – duration table format
	Table B.1 – Listing of System Power Quality Evaluation




