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Thig redline version of the official IEC Standard allows the user to identify the chan
made to the previous edition. A vertical bar appears in the margin wherever a change
beeh made( Additions are in green text, deletions are in strikethrough red text.

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 comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intefna
cp-operation on all questions concerning standardization in the electrical and electronic fields. To thisven
il addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rej
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publigation(s)”).

pfeparation is entrusted to technical committees; any IEC National Committee interested in thé subject deal
ay participate in this preparatory work. International, governmental and non-governmental obrganizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatid
andardization (ISO) in accordance with conditions determined by agreement between|the two organizatig

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
cpnsensus of opinion on the relevant subjects since each technical committee_has representation fro
interested IEC National Committees.

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

|
trfansparently to the maximum extent possible in their nationaliand regional publications. Any divergence bet
ahy IEC Publication and the corresponding national or regiépal“publication shall be clearly indicated in the |

IEC itself does not provide any attestation of conformity.* Independent certification bodies provide confg
Esessment services and, in some areas, access tolEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoeyer, whether direct or indirect, or for costs (including legal fees

a

s

A

No liability shall attach to IEC or its directars, employees, servants or agents including individual expert
m

o)

ekpenses arising out of the publication)\Uise of, or reliance upon, this IEC Publication or any other IEC Public3
A

ttention is drawn to the Normative' references cited in this publication. Use of the referenced publicatig
idispensable for the correct application of this publication.

Alttention is drawn to the possijbility that some of the elements of this IEC Publication may be the subject of p
rights. IEC shall not be held responsible for identifying any or all such patent rights.

ising
ional
and
orts,
Their
with
ising
n for
ns.

ional
m all

ional
IEC
any

order to promote international uniformity, IEC National Cemmittees undertake to apply IEC Publicgtions

veen
hiter.

rmity
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e or
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The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a Technical Specification
when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

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 IECtechnical

committee 8: System aspects of electrical energy supply.

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

Full
the

Thid document has been drafted in accordance with théZISO/IEC Directives, Part 2.

Draft TS Report on voting
8/1512/DTS 8/1524/RVDTS

information on the voting for the approval of this Technical Specification can be found in
eport on voting indicated in the above table.

Thig second edition cancels and replaces the {irst edition published in 2015. This ed|tion

con

$titutes a technical revision.

Thig edition includes the following significant technical changes with respect to the prevjous

editijon:

a)

minimum number of remaining data for weekly analysis,
improvement of the compatibility between EN 50160 and IEC TS 62749,
urther explanation of the conception of daily sliding window,

urther explanation of the aggregation method used for events,
urther explanation of the relation between Power Quality and EMC,
ddition of a new definition of mains communicating system (MCS),
ddition of.a-hew Annex G: Other phenomena,

ransfer:of the main content of IEC TR 62510 to IEC TS 62749.

The[committee has decided that the contents of this publication will remain unchanged unti| the
stabiti o ; . ; ; dto
the specific publication. At this date, the publication will be

transformed into an International standard,
reconfirmed,

e withdrawn,
* replaced by a revised edition, or
* amended.
IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates

of

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

its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The description of electricity is of fundamental importance within electricity supply systems. In
general the past, its characteristics depended less on its generation than on the way in which
it-is was 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.

Nowadays, Smart Grid construction and massive deployment of renewable energy sources
increase the complexity of power quality management. For more information about power

quality Tssues Tetatedto distributedgemeratiomand - micro=grids; Tefer to Ammex D
NOTE For more information about role of stakeholders for power quality management, see Annex H.

Thefe is a need for a common set of power quality (PQ) indices and measurement methods in
ordgr to allow different system operators to measure and report power quality in a considtent
manner.

Regprding the limits or levels of power quality, the situation differs. Historically, the electfical
systems in different countries/regions have been designed in different ways to cater for
natipnal/regional variations like different geographic, climatic or Cemmercial conditions, efc. It
is thus essential that any set of internationally agreed powern quality limits or levels plso
recdgnize these differences, which depends namely on thessystem configuration, the transfer
chafacteristics between the different voltage levels (atteAuation or amplification), the agtual
distérbance levels on the system, etc.

Alsg—thetevel-of powerqualityisnot-absoluteratherit-depends—on-theprice-thatclientsrare
williha to nav for it Ontimizina nower aualitv shotNd he carried out in 3 cost-offactiva manner in
....... g-to-pay-forit-Optimizing power guality should be carried-out-in-a-cost-effective-manngrin
thatif NETWORK-USERs expect power quality to-be-an-intrinsic-characteristic of the proguct
Alsd, the quality of power is not absolute. Optimizing power quality should be carried out|in a
cosfteffective manner to balance network user power quality requirements and willingnegs to
pay [for it with power quality supply~costs.

Thefefore, some of the objectives recommended hereafter allow for a range of valueq, or
options, while still ensuring-the coordination of disturbance levels between different parts of the
system or voltage levels:

Then, the requirements to be applied can be expressed by the association of the IEC Pqwer
Quallity framework from the normative part of this document and profiles. Examples of profiles
are pgiven inlAhnex A.



https://iecnorm.com/api/?name=85b3f254b6ad3b951c5f9372b09bb6ac

1

-8-—

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

Scope

IEC TS 62749:2020 RLV © IEC 2020

This Technical Specification specifies the expected characteristics of electricity at the-SURPPLY
FERMINALS point of supply of public low, medium and high voltage, 50 Hz or 60 Hz, networks,

as w

NOT
the ¢

o f

NOT
volta

This

je can be different.

bw voltage (LV) refers to Uy < 1 kV;

ell as power quality assessment methods.

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

igh voltage (HV) refers to 35 kV < U, < 230 kV.

document applies to the phenomena listed in Table 1.

F 1 The boundaries between the various voltage levels-may can be different for different countries/regio
bntext of this TS, the following terms for system voltage are used:

F 2 Because of existing network structures, in some countries/regions, theboundary between medium and

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

s. In

high

Continuous phenomena

Discontinuous-phenomena —
Events

Other phenomena

FRH

FQUENCY DEVIATION

SUPPLY\INTERRUPTION

MAINS COMMUNICATING
VOLTAGES

SuU

PPLY VOLTAGE DEVIATION

VOLTAGE DIP

VO

L TAGE UNBALANCE

VOLTAGE SWELL

HA

RMONIC VOLTAGE

TRANSIENT OVERVOLTAGE

INT]

FRHARMONIC VOLTAGE

RAPID VOLTAGE CHANGE

FLI
FLU

CKER (VOLTAGE
CTUATION)

B

L

NOT
meas

NOT!

F 3 Specification of related measurement methods can be found in IEC 61000-4-30,—EMC—Testing

While power quality is related to EMC in a number of ways, especially because compliance with
power quality requirements depends on the control of cumulative effect of electromagnetic
emission from all/multiple equipment and/or installations, this document is not an EMC

publ

2

ication (see also Annex F).

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.
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IEC 60364-4-44, Low-voltage electrical installations — Part 4-44: Protection for safety —

Protection against voltage disturbances and electromagnetic disturbances

IEC 60038, IEC standard voltages

53: Selection and

Part 5

erection of electrical equipment — Devices for protection for safety, isolation, switching, control

and monitoring

-53, Low-

5

IEC 60364

voltage electrical installations—ef-buildings

2:2002,

2

2: Environment

Part 2

-~ S Sy -

3 -4 £ S o & o) 3%

kS 3 3 s v g o= ¢ 3

3 =X = 3 =

Y & $ & ¢ : $F

©® ® ..m 3 & ew ol D
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B [ Y ® T P

S ) T b b b 3

e D d d O
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) & g
E: 2 4 3% 3 2
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O Am.._ g <@ N m._
. - 3 ob o N
® N .. - -l -+
Ay N (e mw nr._r ~+
5

T P D Q. Q o
D.a T W T
| $ & ©
- all Q.

Electromagnetic compatibility (EMC)

IEC 61000

= O Omag CUC GO oau oty (=1vio)

Electromagnetic compatibility (EMC) — Part 2-14: Environment -

e OMmagrCUG GO Toatisity (=ivioy/

voltage fluctuations and flicker in nublic low-voltage sunnly svstems

{=1vroy

TN O T oo U-o- O = C oo oOagnCuC GO oauoriity

(=1vioy

VM1 _Electromagnetic-compatibility{(EMGC)
5 ghetec-compatiohity/{=mc)

voltaage fluctuations-and-flickerin public low-voltage-suppnlyv-svstems

voltage power supply systems
IEC|61000-2-2:2002/AMD1:2017
IEC|61000-2-2:2002/AMD2:2018

IECITR 61000-2-8 Flectromaaneticcompatibilitv (EMC)

T=o Tt O Toovou-—£-07

IEC|61000-2-12, Electromagnetic compatibility (EMC) — Part 2-12xEnvironment — Compatibility
levels for low-frequency conducted disturbances and signalling in public medium-voltage pqwer

supply systems

At G oot Tt CH OO U o UG CICCUTC o OW CT—OouU ooy Oy otCHiovWwith—otgauotrcar 1 CaocurCHTrCTit

resdlts

andlshort interruptions -on-noublic—electric—power-supplyv-svstems with statistical measurement
Ovefvoltages on public electricity distribution networks

IEC|TR 61000-2-14,

IEC1681000-3-2  Eloctromaanetic—compatibilitv (EMC)

TE oo T ouv-o~&L, = OO OTaghCuUcCOoONToatorty T EwWroy

IEC161000-3-3  Electromaaneticcompatibilitv (EMC)

T=o 1O 1T oou-o=0;

chahaes

CrHapGCo;, VoageaCtoatrOroanG R GT 1T PuUoTC oW v onagC—oupory oyotChTo; 107

IECITR 61000-3-6 FElactromatinetic compatibilitv (EAMC)

=<

emission limits for the conneaction-of-distortina-installations to M\, H\/ and EH\/ nower susfloms

CHPoToOTto 1O tHC COMTC G OO Grotorum g rotanatdOio o v v, 11 v ainta =11 v poWwer—oyot

IECITR 6814000-3-7  Elactromaanetic—compatibilitv (EAMC)

o Iy O T oou-o~1 =Tt Orag C U CoOrToatiority

emissiontlimits forahesconnection—of-fluctuatingload-installations to- M\, _H\/ and EH\/ nawer
eHH$SIORHAHSHorAHe-6oRrAecHoOR—oHHuctiatiig+oaa—-msStaHattonsSto+vi—+—vV/—ahRa—tE=rv—pPgwes

S

IEC]61000- 3

oG C oV OtagCHuaCtOatrOoartGHHTGICTHT— U oiC1OVW -V OagCou ooy o yotCiio

chahaes
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IEC 61000-4-30:20082015, Electromagnetic compatibility (EMC) — Part 4-30: Testing and

mea

surement techniques — Power quality measurement methods

For

ISO
add

o |
o |
NOT

3.1
cod

collgction of rules concerning rights and duties of the parties involved in a certain part of

elec

Note

[SO
bee

3.2

con
agre
prod

Terms and definitions

the purposes of this document, the following terms and definitions apply.

and |IEC maintain terminological databases for use in{standardization at the follo
esses:

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platform: available at http:#www.iso.org/obp

F Terms are listed in alphabetical order.

L G
tric power system

1 to entry: For example: grid cade, distribution code, code in electric power system.

URCE: IEC 60050-617:2009, 617-03-03, modified — "code in electric power system"
h added in the Note.lo entry]

hection agreement
ement entered between the system operator and a system user which governs
edure-and conditions for connection

[SO

JRCE: IEC 60050-617:2009, 617-04-03]

ving

the

has

the

3.3

declared supply voltage

Ue

supply voltage agreed by the network operator and the network user

Note

3.4

1 to entry: Generally declared supply voltage U, is the nominal voltage Uy but it may be different according
to the agreement between the network operator and the network user.

electricity
set of the phenomena associated with electric charges and electric currents

ESQ—U—F%% : ; 761
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Note 1 to entry: In the context of electric power systems, electricity is often described as a product with particular
characteristics.

[SOURCE: IEC 60050-121:1998, 121-11-76, modified — The note has been added]

3.5
electromagnetic environment
totality of electromagnetic phenomena existing at a given location

Note 1 to entry: In general, the electromagnetic environment is time-dependent and its description can need a
statistical approach.

[SOURCE: IEC 60050-161:2018, 161-01-01]

3.6
eledtromagnetic disturbance
elecfromagnetic phenomenon that can degrade the performance of a deviée,“equipmerjt or
system, or adversely affect living or inert matter

Note|1 to entry: An electromagnetic disturbance can be an electromagnetic noise, afi-upivanted signal or a change
in thg propagation medium itself.

Note|2 to entry: Electromagnetic disturbance in this TS refers to low frequepey conducted phenomena.

[SOPRCE: IEC 60050-161:2018, 161-01-05, modified — Nqoté\2to entry has been replaced|and
Notg 3 to entry has been deleted]

3.7
eledtromagnetic compatibility
ability of equipment or a system to function satisfactorily in its electromagnetic environment
withput introducing intolerable electromagnetig, disturbances to anything in that environment

[SOURCE: IEC 60050-161:49902018, 161-01-07]

3.8
(eleptromagnetic) compatibility-level
spec¢ified electromagnetic disturbance level used as a reference level for co-ordination in the
setting of emission and immunity limits

Note|1 to entry: By convention, the compatibility level is chosen so that there is only a small probability that |t will
be ejceeded by the actualdisturbance level.

[SOURCE: IE€606050-161:1990, 161-03-10, modified — Note has been shortened and Nqgte 2
has [been defeted]

3.9
flaghed data
data that has been marked to indicate that its measurement or its aggregation may have been
affected by interruptions, dips, or swells

[SOURCE: IEC 61000-4-30:2015, 3.5, modified — modified to better understand this term]

3.10

flicker

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

Note 1 to entry: Voltage fluctuation cause changes of the luminance of lamps which can create the visual
phenomenon called flicker. Above a certain threshold, flicker becomes annoying. The annoyance grows very rapidly
with the amplitude of the fluctuation. At certain repetition rates, even very small amplitudes can be annoying.
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Note 2 to entry: For the time being, flicker is qualified based on incandescent lamp’s behaviour.

[SOURCE: IEC 60050-161:1990, 161-08-13, modified — Notes to entry have been added]

3.11
flicker severity
intensity of flicker annoyance evaluated by the following quantities:

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

¢ long term severity (P;) calculated from a sequence of 12 Pst-values over a two hours interval,
geeording to the foltowing exXpressiom:

Note[1 to entry: For details of P, and P, see IEC 61000-4-15.

3.12
frequency deviation
diffgrence between power supply frequency (f; ;) and nominal frequency (fy)

[SOURCE: IEC 60050-614:2016, 614-01-10, modified — "system frequency at a given ingtant
and|its nominal value" has been changed to "powef,supply frequency (f; ;) and nonjinal

freqpency (f\)"]

3.13
groyp total harmonic distortion
THOG (abbreviation)

THI Gy (symbol)

ratig of the RMS value of the harmonic*groups (Yg,h) to the RMS value of the group associated
with|the fundamental (YgJ):

Note|1 to entry;~ The symbol Y is replaced, as required, by the symbol 7 for currents or by the symbol U for voltages.

[SOURCENEC 61000-4-7:20092002/AMD1:2008, 3.3.2]

3.14
harmonic frequency

TH,n

frequency which is an integer multiple of the power supply (fundamental) frequency

[SOURCE: IEC 61000-4-7:20092002/AMD1:2008, 3.2.1, modified — "fundamental frequency of
the power system" has been changed to "power supply (fundamental) frequency”, the formula
and Note to entry have been removed]

3.15

harmonic order

h

(integer) ratio of a harmonic frequency (f, ;) to the power supply frequency (fy 1)
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[SOURCE: IEC 60050-161:1990, 161-02-19, modified — "the integral number given by the ratio
of the frequency of a harmonic to the fundamental frequency" has been changed to "(integer)
ratio of a harmonic frequency (fy ;) to the power supply frequency (fy 1)"]

3.16

harmonic ratio

HR

ratio of individual harmonic order component (U,, or 1},) to the fundamental component (U, or I;)

3.17
maifps communicating system

system using mains power lines to transmit information signals, either on the publicigi€ctriicity
distjibution network or within installations of network users

[SOURCE: IEC 61000-2-2 :2002/AMD1:2017, 3.1.8, modified — "electrical" hasWeen deletgd]

3.1

mains-sighalling communicating voltage
signjal superimposed on the supply voltage for the purpose of transmission of information ir] the

public supply network and to network users' premises

Note|1 to entry: Three types of signals in the public supply network can be classified:
ipple control signals: superimposed sinusoidal voltage signals¢in the frequency range 110 Hz to 3 000 Hz
ower-line-carrier signals: superimposed sinusoidal voltageysighals in the frequency range 3 kHz to 148,5 [kHz;

ains marking signals: superimposed short time alterations (transients) at selected points of the vdltage

party responsible for safe and reliable operation of a part of the electric power system |in a
certpin area and for connection toother parts of the electric power system

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

3.20
nominal frequency

IN

value of frequency used to designate or identify a system

3.21
nonjinal:system voltage
Un
value of voltage used to designate or identify a system

Note 1 to entry: For example: nominal voltage of a system.

[SOURCE: IEC 60050-601:1985, 601-01-21, modified — the abbreviation has been added,
"suitable approximate" from beginning of definition has been removed]

3.22

normal operating conditions-(ef-apublic-electricity supplyrsystem)

operating conditions of a public electricity supply system typically including all generation
variations, load variations and reactive compensation or filter states (e.g. shunt capacitor
states), planned outages and planned arrangements during maintenance and construction work,
non-ideal operating conditions and normal contingencies under which the considered system
has been designed to operate
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Note 1 to entry: Normal system operating conditions typically exclude exceptional situations such as: conditions
arising as a result of a fault or a combination of faults beyond that planned for under the system security standard,
unavoidable circumstances (for example: force majeure, exceptional weather conditions and other natural disasters,
acts by public authorities, industrial actions), cases where Network users significantly exceed their emission limits
or do not comply with the connection requirements, and temporary generation or supply arrangements adopted to
maintain supply to Network users during maintenance or construction work, where otherwise supply would be
interrupted.

Note 2 to entry: For example: nominal operating conditions of a public electricity supply system.

[SOURCE: IEC TR 61000-3-6:2008, 3.4415, modified —"of the system or of the disturbing
installation" has been replaced by "of a public electricity supply system", "and planned" has
been added to—term—and-definition "arrangements”, "or the disturbing installation" has been
deldted and "the Note to entry has been slightly changed]

3.23
perg¢entile value
U, (symbol)

valule such that x percent (x %) of measurements are smaller than or equalCto-that value, pver
a giyen period

3.24
planning level
Iever of a particular disturbance in a particular environment, adopted as a reference valug for
the limits to be set for the emissions from the installations in<a{particular system, in order tq co-
ordipate those limits with all the limits adopted for equipmeént and installations intended tp be
conmected to the power supply system

Note|1 to entry: Planning levels are considered internal quality objectives to be specified at a local level by {hose
resp@nsible for planning and operating the power supply system in the relevant area.

[SOYRCE: IEC TR 61000-3-6:2008, 3.16]

3.25
poiﬂt of common coupling

PC
point in a public power supply network, electrically nearest to a particular load, at which ather
loads are, or may be, connected

Note|1 to entry: These loadS\cah be either devices, equipment or systems, or distinct network user’s installat{ons.

[SOURCE: IEC 60050<161:1990,161-07-15, modified ——{"consumers—instatationreplacef by

“lea™) "of a power supply network" has been changed to "in a public power supply network", In
the first note, gustomer's" has been changed to "user's" and Note 2 to entry has been delgted]

3.264

point of'supply
SUP’L_Iy_ts_Lmlnal

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

Note 1 to entry:—Supphyterminals—may Point of supply can 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 — "or transmission" has been added after
"distribution" and "may" has been changed to "can" in the Note to entry]

3.27
{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
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Note 1 to entry: For example: power network user.

[SOURCE: IEC 60050-617:2009, 617-02-07, modified — The note to entry has been added]

3.28

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 network and the loads connected to that network.

Note|2 to entry: In the context of this Technical Specification, power quality refers to point of supply-termiral$ and
focuges on defining the characteristics of the voltage and frequency.

[SOURCE: IEC 60050-617:2009, 617-01-05, modified — "electric current, ~voltage |and
freguencies" have been replaced by "electricity”, In Note 1 to entry "electric poweysystem”|has
been replaced by "network" and Note 2 to entry has been added]

3.2
power quality indices
technical parameters characterizing the quality of electricity, ,measured at a given ppint,
releyant for the assessment of the quality of the electricity delivered by a network operator

3.3

profile
spegification that supplements a standard by limiting~0ptions, in order to serve the needs of
usells in a geographic area or in an application domain

3.31
RMS$ value of a harmonic component

YH,n
RM$ value of one of the components iaving a harmonic frequency in the analysis of a pon-
sinusoidal waveform. For brevity, such a component may be referred to simply as a 'harmgnic’

Note|1 to entry: The symbol Y is replaced, as required by the symbol I for currents, by the symbol U for voltages.

Note|2 to entry: For more detailsy.see IEC 61000-4-7:20092002/AMD1:2008.

[SOURCE: IEC 61000-4-7:20092002/AMD1:2008, 3.2.3, modified — The three notes have heen
replaced]

3.32
RMS$ value of)a harmonic group

squareroot of the sum of the squares of the RMS value of a harmonic and the spettral
the

nelghbormg components W|th that of the harmonlc proper

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

Note 2 to entry: For more details, see IEC 61000-4-7:20092002/AMD1:2008.

[SOURCE: IEC 61000-4-7:20092002/AMD1:2008, 3.2.4, modified — The end of the definition
has been deleted]

3.33

RMS value of an interharmonic centred subgroup

Yisg,h

RMS value of all interharmonic components in the interval between two consecutive harmonic

frequencies, excluding frequency components directly adjacent to the harmonic frequencies
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Note 1 to entry: The RMS value of the centred subgroup between the harmonic orders 4 and 4 + 1 is designated as

Yian for example, the centred subgroup between 4 = 5 and /4 = 6 is designated as Yias.

Note 2 to entry: For more details, see IEC 61000-4-7:20092002/AMD1:2008.

[SOURCE: IEC 61000-4-7:20092002/AMD1:2008, 3.4.43, modified — "spectral" has been
replaced by "interharmonic", the end of the definition has been modified, Note 1 to entry has
been modified and Note 2 to entry has been added]

3.34

RMS value of an interharmonic component

Ye,

RM$ value of a spectral component of an electrical signal with a frequency between |two

congecutive harmonic frequencies

Note|1 to entry: For brevity, such a component may be referred to simply as an ‘interharmonic’.

Note|42 to entry: For more details, see IEC 61000-4-7:206692002/AMD1:2008, 3.4.2.

[SOURCE: IEC 61000-4-7:2002/AMD1:2008, 3.4.2, modified — The secéngd part of the definjtion
has |been changed, the second sentence of the definition has been chahged to a Note to gntry
and|Note 2 to entry has been replaced]

3.35
rapid voltage change
RV(
quick transition (that may last more than several cycles) in RMS voltage between two stepdy-
stat¢ conditions while the voltage stays in-betweefi/the thresholds defined for voltage swells
and|dips (otherwise, it would be considered as aswell or a dip)

/A is ax
Va—1S5—6X

Note|1 to entry: For more information, see IEC 61000-4-30.

3.36
recgmmended values
valule under which, or valugs within which, the voltage characteristics should remain in view of
proyliding an acceptable _quality of the electricity supply

Note|1 to entry: The characteristics of electricity agreed between network operator and a network user or set by
natiopal/regional regulatory authority can be locally optimized.

3.37
reference voltage (for interruptions, voltage dips and voltage swells measurementjand
evaluation)

valu'le specified as the base on which residual voltage, thresholds and other values|are

exp essed inper unit or nercentaace terms
L Lad J

Note 1 to entry: For example: reference voltage for interruptions, voltage dips and voltage swells measurement and
evaluation.

3.38

supply voltage

RMS value of the line-to-line or line-to-neutral voltage at a given time at the point of supply
terminal, measured over a given interval

3.39

time aggregation

combination of several sequential values of a given parameter (each determined over identical
time intervals) to provide a value for a longer time interval
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Note 1 to entry: In this document, 3 s value refers to IEC 61000-4-30 150/180-cycle interval aggregation value (150
cycles for 50 Hz nominal or 180 cycles for 60 Hz nominal); 10 min value and 2 h value are also defined in
IEC 61000-4-30.

[SOURCE: IEC 61000-4-30:2015, 3.31, modified —Note 1 to entry has been modified]

3.40

total harmonic distortion
THD (abbreviation)

THDy (symbol)

ratio of the RMS value of the sum of all the harmonic components (Y ;) up to a specified order
(hmdx) to the RMS value of the fundamental component (Y}, ;):

Note|1 to entry: The symbol Y is replaced, as required, by the symbol I for currents aor.bysthe symbol U for voltages.
Note|2 to entry: For more information, see IEC 61000-4-30:2015, 5.8.1.

3.41
transient overvoltage
voltpge surge

trangient voltage wave propagating along a line or~&l circuit and characterized by a rpapid
increase followed by a slower decrease of the voltage

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

3.42

volthge deviation
diff{ence between supply voltage () and nominal voltage (Uy), often expressed by relative

valu

Note|1 to entry: In some circumstances, U, may be replaced by U, by contract or agreement.

3.43
volthge dip
suddlen reduction of-the voltage at a point in an electrical system followed by voltage recoyery
after a short pefiod of time, usually from a few cycles to a few seconds

Note|1 to entry.™ The starting threshold of voltage dip generally is 90% of reference voltage.

[SOURCE: IEC 60050-161:1990, 161-08-10, modified — "from" has been changed to "usyally

f " Seod Not 41t antnchac baoaon oddadl
ronm—eaeote—to ooy masS ot auactay

3.44
voltage fluctuation
series of voltage changes or a cyclic variation of the supply voltage envelope

Note 1 to entry: For the purpose of this Technical Specification, the reference voltage is the nominal or declared
voltage of the supply system.

[SOURCE: IEC 60050-161:1990, 161-08-05, modified {addition —"or a continuous variation of
the RMS or peak value of the voltage" has been changed to "or a cyclic variation of the supply
voltage envelope" and Note 1 to entry} has been modified]
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3.45

voltage short time interruption

disappearance of the supply voltage for a time interval whose duration is between two specified
limits

Note 1 to entry: A short time interruption is considered to be a reduction of the supply voltage under the interruption
threshold (usually 5 % or 10 % of the reference voltage)-efthe-nrominalveoltage}, with the lower limit of the duration
typically a few tenths of a second, and its upper limit typically in the order of 1 min (or, in some cases up to 3 or 5
min).

[SOURCE: IEC 60050-161:1990, 161-08-20, modified — Note 1 to entry has been modified]

3.4

voltage swell
suddlen increase of the voltage at a point in an electrical system followed by voltage‘recoyery
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:

3.47
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 —"RMS values" has been replaced by
"magnitudes" and "(fundamental component)" has beep ,added]

3.48
voltage unbalance factor
in afthree-phase system, the degree of unbalance expressed by the ratio (in per cent)-bebneen
of the RMS values of the negative sequence component (or;—+rarely;—of the zero sequence
component-and) to the positive sequence component of the fundamental component off the
voltage

[SOURCE: IEC 60050-614:498720:46, 614-01-3033, modified — addition of "voltage" to term,
deldtion of “or the electric current”]

4 |Recommended values for power quality indices

4.1 General

Mosit of the reeommendations for power quality at the-SUPPLY-TERMINALS point of supply are
istigs of
oint
uch,
1etic

phenomena:

e continuous phenomena, i.e. deviations from the nominal value that occur continuously over
time. Such phenomena occur mainly due to load pattern, changes of load, non-linear loads
or distributed generation,

e discontinuous phenomena or events, i.e. sudden and significant deviations from normal or
desired wave shape which typically occur due to unpredictable events (e.g. faults) or
external causes (e.g. weather conditions), and

e other phenomena, i.e. phenomena occurring in the presence of mains communicating
systems (MCS) and/or equipment using switch-mode technology connected to the grid. For
more information about other phenomena, see Annex G.
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The power quality indices and the recommended values are intended to be used as technical
reference for regulatory purposes (e.g. in network codes) or for contracts between network
operator and network user (e.g. part of a connection agreement).

Power quality requirements combine the obligations of network operators with the requirements
of equipment or installations on the electromagnetic environment. It is worth noting however,
that the requirements of equipment or installations on the electromagnetic environment also
include emission aspects that are addressed in other IEC standards (see Clause 2 and Annex F).

NOTE 1 Network operators are in charge of developing and operating the electricity supply system taking into
account at the same time:

e provision of adequate conditions for equipment, installations or other networks connected to their netwark;

e 3gvoidance of unnecessary costs.

NOTE 2 In many countries/regions, requirements concerning the essential characteristics of elecfricity at points of
suppl|y-terminats of public networks are set, or controlled, by National/Regional Regulatory Authoriti€s.

In spme cases, additional requirements or differences in requirements can.be agreed by tgrms
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 Ipad.
It mpy also arise in sparsely populated or difficult terrain, such”as mountain regions, where
distibution costs are high. In such an area, a network user may be willing to accept a connegtion,
at Igwer cost, which does not entirely comply with the powerguality standards.

NOTE 3 The quality indices and the recommended values approptiately cover the vast majority of locations under
acceptable economic conditions, despite the differences in situations, provided that:

e fpor mass-market products, emission requirements insstandards such as IEC 61000-3-2, |IEC 6100d-3-3,
IEC 61000-3-11 and/or IEC 61000-3-12 are regulaflyjand appropriately updated to take into accounf the
development of markets and changes in technologies;

o fpr large installations, emission levels are effectively controlled, e.g. through connection agreement (Anrlex E
l|sts 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, IEC TR 61000-3-7, IEC TR 61000-3-13 and/or IEC TR 61000-3-14.

Regprding phenomena that oceur continuously over time, this document provides |the
recdmmended or indicative values applicable during normal operating conditions. It consiglers
an dbservation period of at least one week, e.g. in order to take account for variation in loads.

Megsurement of voltage characteristics requires an aggregation time interval for both agtual
calcplation of the vaoltage and for comparability between results at different points in time. In
the gase of thissdocument, the 10-minute interval proposed in IEC 61000-4-30 is used for most
phenomena,

NOTE 4, (In some countries/regions, aggregation time intervals less than 10-minute are used.

NOTE & Voltage fluctuation leading to long term flicker and mains_Signalling communicating voltage has specific
observation period and/or aggregation time intervals.

The versatility and adaptability of electricity are managed by assigning some probability factors
to the recommended values for some power quality indices. Percentile values are then
compared to the recommended values expected to be statistically fulfilled within the observation
periods. The related probability should never be less than 95 %.

Flagging concept is used in this document according to IEC 61000-4-30. Unless otherwise
indicated (e.g. for voltage deviation), the flagged data is excluded in the calculation of percentile
values.

For the relevance of the result, care should be taken regarding the number of the excluded and
missing (for any reasons) data, e.g. for the weekly assessment, if more than 10 % of data are
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excluded or missing, a specific treatment should be performed. Percent of flagged data should
be observed to ensure relevant data are not missed by default flagging.

Network disturbances corresponding to discontinuous phenomena or events shown in
Table 1 require a relatively long observation period. Depending on the frequency of their
occurrence and the wanted level of statistical accuracy, this period can vary between a single
season to several years. These phenomena are mostly unpredictable, which makes it very
difficult to give useful definite values for the corresponding characteristics. The values given in
this document for the voltage characteristics associated with such phenomena, i.e. voltage
dips/swells, voltage interruptions and rapid voltage changes, shall be interpreted as indicative.

For pll phenomena, the measurements are performed according to IEC 61000-4-30.

4.2 | Frequency deviation

Thelfrequency shall be maintained within a given deviation from the specified)value, 50 Hz or
60 Hz, in order to maintain a stable power system operation.

NOTE 1 In different synchronous areas, different requirements-may can apply (generally.originated from grid cgdes).
NOTE 2 For systems with no synchronous connection to an interconnected systemAe.g. supply systems on cgrtain
islanfls or microgrids in islanding mode), specific requirements can apply.

4.3 | Supply voltage deviation

4.3.1 General

hoprsliocododaten nnlune s cetabliched cosoncine e Clendend vislinene sl oo
Stanjdard voltages are defined in IEC 60038(

4.3.2 Low voltage systems

For Jow 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 valpes.
NOTE 1 In low voltage systems, declared and nominal voltage are equal.

NOTE 2 The nominal veltage U\, for public low voltage is either between line and neutral or between lines.

Under normahkoperating conditions, during each period of one week, the 10-minute RMS vajues
of the voltage“at the point of supply-terminals (U), excluding the periods of interruptions, shpuld
comply, with the following conditions:

o V

p % N 0

» voltage percentile U, o, is not lower than Uy -10 %;

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

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

e and, if > 100 - p, voltage percentile Uqq.,) ¢, is not lower than Uy — 15 %.

NOTE 3 The limits of the supply voltage deviation are more restrictive in some countries/regions.

NOTE 4

voltage, e.g. + 6 % ~ - 14 %.

NOTE 5 Voltage percentile U

100 % 1S €qual to the maximum value, voltage percentile U, o, is equal to the mini

value.

In some countries/regions, the voltage range can be specified asymmetrically with regard to the nominal

mum
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4.3.3 Medium voltage systems

Network users with demands exceeding the capacity of the LV network are generally supplied
at nominal voltages above 1 kV. This subclause applies to such electricity supplies at nominal
voltages up to and including 35 kV.

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

For medium voltage systems, recommended values are based on the 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 RMS vajues
of the voltage at the point of supply-terminals (U), excluding the periods of interraption, shpuld
comply with the following conditions:

e Yoltage percentile Ugg o, does not exceed U, + 10 %;
e Yoltage percentile Uy o, is not lower than U, —-10 %,;

e Yoltage percentile Uy ois not lower than U; — 15 %.

NOTE 2 In some countries/regions, the voltage range can be specified aSymmetrically with regard to the dec]ared
voltape.

NOTE 3 In some countries/regions, U,, o doesn’t exceed U, + 15%.

NOTE 4 Voltage percentile U
valudg.

100 % IS equal to the maximumsyvalue, voltage percentile U ,, is equal to the minjmum

4.3.4 High voltage systems

Thig subclause applies to electricity .supplies at nominal voltages above 35 kV and| not
exceeding 230 kV.

NOTE 1 Network users-may can alsobe supplied at this voltage level to satisfy special requirements or to mitigate
condpicted disturbances emitted by.their equipment.

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

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

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

Undgr normal operating conditions, during each period of one week, the 10-minute RMS vajues
of tHeweoltage at the point of supply-terminals (U), excluding the periods of interruption, shpuld
comply with the following conditions:

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

e voltage percentile U 4o, is not lower than U, -10 %.

4.4 Voltage unbalance

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

For three phase LV, MV, and HV supply system, the negative sequence voltage unbalance
factor 8(%) recommended value is 2 %.
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020

E In some countries/regions with part single phase or two phase connected network user’s installations, an
unbalance up to 3 % at the three phase point of supply-terminals—may can occur.

Flicker

Under normal operating conditions, during each period of one week, the flicker severity P}

should be less than or equal to the recommended values defined in Table 2 for 95 % of the time
or more.

In the case of complaints, the HV and MV limits, and appropriate mitigation measures, shall be
chosen in such a way that at LV, the P|; values do not exceed 1.

NOT

Modgrn types of lamps-may can have different behaviour.

NOT
4.6
4.6.

Recpmmended or indicative values are given forindividual harmonic voltages, namely harm
ratiq (HR), and for total harmonic distortion (THD).

Respnances may cause higher voltages for an individual harmonic, however these eff

sho
imp

Recpmmended values (or limits) will be given hereafter for interharmonic voltages as
However, these I|m|ts are not meant to control flicker effects or mterference in rlpple co
syst]

4.6.
4.6.

Under nermal operating conditions, during each period of one week, the voltage percentile U,
of the¥0-minute RMS values of each individual harmonic voltage should be less than or e

tot

Table 2 - Flicker severity P, recommended values

Voltage levels Py
LV/MV 1,0
HV 1,0

F 1 The recommended values are based on the effect of voltage fluctuation on classical incandescent I3

F 2 These limits take into consideration the flicker attenuation from MV to LV and from HV to MV.
Harmonic and interharmonic voltage

( General

Ild be controlled whenever they may have an impact on the system or equipment (for 1
ct of poor power quality, refextd Annex C).

p Low voltage systems

.1 Harmonic voltages

mps.

onic

ects
hain

vell.
1tro|

h95 %
qual

l H + T okl n
C VadiuTo yivoirimm Tdulc J.


https://iecnorm.com/api/?name=85b3f254b6ad3b951c5f9372b09bb6ac

IEC TS 62749:2020 RLV © IEC 2020 - 23 -

Table 3 - Recommended values of individual harmonic voltages at the low voltage
points of 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,os 9, Order U,os 9, Order U,os 9,
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 9:56 1,0 (2, 0) 6 ...24 0775
13 3,0 21 0;5 0,75 (1,5)
17 2,0
19 1,8
23 1,5
25 1,5
2P <h <49 2,27 x (17/h) — 0,27 27 < h <45 0;20,5 26.<h <50 0,25-x{10/h)y+D.25
0,5
NOTE 1 Where national/regional circumstances make it appropriate, lowewlimits than the values given in Taple 3
can e specified.
NOTE 2 Depending on the type of voltage transformer used, thezxmeasurement of high order harmonics could be
not reliable; further information is given in IEC 61000-4-30:20¥5) A¢3.3.
2 QOepending on the type of neutral grounding systems and transformer connections in some countries/regjons,
npore triplen harmonics will flow in neutral conductors and-may could cause higher harmonic voltages. In these
cpses, the highest value in brackets in Table 3 should adequately characterize the system harmonic voltaggs.

Theltotal harmonic distortion (THD) of the supply voltage for harmonic orders up to 50 shpuld
be I¢ss than or equal to 8 %.

NOTE In some countries/regions; orders up to 40, only, are used to calculate the THD, maintaining the $ame
recommended value.

4.6.2.2 Interharmonic voltages

The|same statistical'approach and the same range of values (see Table 3) should apply to
harmonic (centred) group voltages as to individual harmonic voltages from-the-previous-segtion
Subplause 4-6%2.1. The group total harmonic distortion (THDG) of the supply voltage shpuld
also| be less.than or equal to 8 %.

In agdition, based on a prudent consideration suggested in IEC 61000-2-2, indicative vaJues
and indices should be as follows. Under normal operating conditions, during each period of one
week, the interharmonic voltage percentile U,gg5 o, of the 10-minute RMS values of each

interharmonic centred subgroup voltage should be no higher than those of the adjacent
harmonic voltage given in Table 3.

4.6.3 Medium voltage systems
4.6.3.1 Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile U, g5 o,

of the 10-minute RMS 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
points of 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 U5 9, Order U,os 9, Order U5 9,
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 0:5 1,0 (2,0) 6..24 0475
13 3,0 21 050,75 (1,5)
17 2,0
19 1,8
23 1,5
25 1,5
29<h<49 2,27 x (17/h) - 0,27 27 <h<45 0;:20,5 26,<h <50 | 6;256x{10/h)+0}25
0,5
NOTE 1 Where national/regional circumstances make it appropriate, lowerMimits-may-be-specified than the values
given in Table 4 can be specified.
NOTE 2 Depending on the type of voltage transformer used, the'mreasurement of high order harmonics-may ¢ould
be n¢t reliable; further information is given in IEC 61000-4-30:20082015, A.3.3.
NOTE 3 When end-use equipment is not directly connected to the MV system, lower values for MV-may cou|d be
mor¢g appropriate to allow coordination of disturbance levels between low and medium voltage systems.
@ [Oepending on the type of neutral grounding systems and transformer connections in some countries/regjons,
nfore triplen harmonics will flow in neutral conductors and-may could cause higher harmonic voltages. In these
cpses, the highest value in brackets in Tablé’4 should adequately characterize the system harmonic voltaggs.

The|total harmonic distortion. (THD) of the supply voltage for orders up to 50 should be [ess
thar or equal to 8 %.

NOTE In some countries/fegions, orders up to 40, only, are used to calculate the THD, maintaining the $ame
recommended value.

4.6.3.2 Interharmonic voltages

The[same statistical approach and the same range of values (see Table 4) should apply to
harmonic-{centred) group voltages as to individual harmonic voltages from-the-previous-segtion
Subplause 4.6.3.1. The group total harmonic distortion (THDG) of the supply voltage shpuld
also[ bevlimited under the value of 8 %.

In addition, based on a prudent consideration suggested in IEC 61000-2-12, indicative values
and indices should be as follows. Under normal operating conditions, during each period of one
week, the interharmonic voltage percentile U,g5 ¢, of the 10-minute RMS 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 Uj g5 o,

of the 10-minute RMS values of each individual harmonic voltage should be less than or equal
to the values given in Table 5.
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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 generally 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. 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).

of

'

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

Odd harmonics Even harmonics
Not multiples of 3 Multiples of 3
Order U, Order v, Order v,
h % h % h %
5 2,0 to 5,0 3 2,0 to 3,0 2 1,5t0 1,9
7 2,0 to 4,0 9 1,0 to 2,0 4 0,8 to 1,0
11 1,5 to 3,0 6..12 0,5
13 1,5t02,5

NOTE 1 Limits for individual harmonic voltage of order higher than 13 are not defined due especially to|the
limifed accuracy of voltage transformers currently in useron HV systems. For measurement accuracy,| an
appfropriate type of voltage transformer-sheuld can be*used, particularly for the measurement of higher ofder
harmonics.

NOTE 2 Due to the wide range of voltage levels,included in HV (35 kV to 230 kV) and where national/regignal
circumstances make it appropriate, limits for intermediate voltage levels-may can be specified within the rangp of
valyes given in Table 5.

The[total harmonic distortion(FHD) of the supply voltage should be limited under a value wjthin
3 %|to 6 % (including harmonics for orders up to 50).

NOTE In some countries/regions, orders up to 40, only, are used to calculate the THD, maintaining the $ame
recommended value.

4.6.4.2 Interharmonic voltages

The|same=statistical approach and the same range of values (see Table 5) should apply to
harmonic (centred) group voltages as to individual harmonic voltages from-the-previcus-segtion
Subptause 4.6.4.1. The group total harmonic distortion (THDG) of the supply voltage shpuld
also be Timited under a value within 3 % {0 6 Y.

In addition, based on a prudent consideration suggested in IEC 61000-2-12, indicative values
and indices should be as follows. Under normal operating conditions, during each period of one
week, the interharmonic voltage percentile U,gg5 o, of the 10-minute RMS values of each

interharmonic centred subgroup voltage should be no higher than those of the adjacent
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.
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The power quality characteristics of individual events are defined for each individual phase, by
residual voltage and duration, despite the specific shape of the RMS voltage variation.
Recommended values of voltage dips are still under consideration. 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 be detected and stored.

Gengrally, according to the network user connection, or the concrete situation, line to Iinle or
line to neutral voltage shall be considered.

4.8 | Voltage swell

Frequently, voltage swell phenomenon may occur to be unpredictable andirandom. Depending
upoh 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 upder
congideration. More assessment methods are described in 5.2 and-3 hereafter.

Whgre assessment is performed or statistics are collected to’be’provided to network users or
autHorities, voltage swells should be classified according te Table 10.

For polyphase measurements, it is recommended thatithe number of phases affected by gach
event be detected and stored.

Genjerally, according to the network user connection, or the concrete situation, line to line or
line [to neutral voltage shall be considered.

4.9 | Voltage interruption

On single-phase systems, a voltage interruption begins when the residual voltage falls upder
intefruption threshold.

On polyphase systems, a.voltage interruption begins when the residual voltage of all phases
fallslunder interruption.threshold.

Intefruption threshold is generally 5 % or 10 % of the reference voltage.

Evep when(referring only to normal operating conditions, the annual frequency of supply
intefruptions varies substantially between areas. This is due, amongst other things, to
diffgrences in system layout (e.g. cable systems versus overhead line systems), environmgntal
and|orelimatic conditions.

In most countries/regions, specific continuity of supply indices is established by regulators in
order to facilitate the benchmarking of the performance of the network operators under their
jurisdiction. The indices allow network operators to meet their obligation to routinely report
continuity of supply performance.

In the context of this document, voltage short time interruptions are mostly addressed. The
detection of short time voltage interruptions is referred to in IEC 61000-4-30 and 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 short time interruption should be classified according to Table 10.
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4.10 Mains-sighalling communicating voltage

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);
o gignalling systems for end-user premises (residential or industrial) in the range of 95 kHz to
48,5 kHz in Europe (ITU region 1), with allowed signal levels up to 0,6 % of Ly‘or 5 } of
Uns respectively. In some countries/regions, the upper frequency is 500 kHz, |with allowed
signal levels between 2 mV to 0,6 mV.

Signal voltages recommended values in LV and MV are indicated in Figute'1.

For |99 % of a day, the 3 s RMS value of signal voltages shall bé+ess than or equal to| the
recdmmended values.

10

Voltage level (%)

0.4 1 10 100

Frequency (kHz) .

Figure 1 —Sighal Mains communicating voltages recommended values in percent of| Uy
used in public LV networks (or U in public MV networks)

NOTE 4. Due to the low resonance frequency of the HV network, no values are given for mains—signgting
communicating voltages.

NOTE 2 The effective use of mains signalling is challenged by the presence of harmonic, interharmonic and high
frequency conducted dlsturbances generated by power electronlcs (e. g Active Infeed Converters)%emeaﬁbmty

committees. For compatlblllty levels for LV publlc network refer to IEC 61000 2 2: 2002/AMD1 2017 AMD2 2018 for
MCS and NIE.

NOTE 3 Depending on the type of voltage transformer used, the measurement of high frequency mains
communicating voltages can be not reliable; further information is given in IEC 61000-4-30:2015, A.3.3.

4.11 Rapid voltage change

Under normal operating conditions (excluding events), rapid voltage changes should not exceed
indicative values.
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Rapid voltage change indicative values are in the range of 3% ~5 % of Uy (U,) for LV, MV and
HV.

These values specifically refer to relative steady-state voltage changes aggregated over very-
short time intervals, e.g. 150/180-cycle time intervals (all variations during these intervals are
to be aggregated in the RMS value of the so-called steady-state voltage). They are based on
the usual design criteria for reactive compensation equipment and motor starting, for example.

In some countries/regions, there are no RVC Ilimits specified. Where national/regional
circumstances make it appropriate, different limits may be specified than the values given in
this documment:

NOTE In this document, no values are given for the maximum voltage change (d as defined in IEG_6400013-3.

max)

4.12 Transient overvoltage
4.12.1 Low voltage systems

Transient overvoltages at the points of supply-terminals of LV systems-are generally causefd by
lighfning (induced overvoltage) or by switching in the system or_in’ the installation. Nlore
information on overvoltage can be found in IEC TR 61000-2-14.

NOTE 1 The rise time can cover a wide range from milliseconds down to.much less than a microsecond. Howjver,
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
overyoltage due to lightning generally has a higher amplitude but lower energy content than an overvoltage cqused
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 60364-5-58, to
takg account of the actual situations. Thistis assumed to cover also induced overvoltages|due
to bpth lightning and switching.

4.12.2 Medium and high voltage systems

Transient overvoltages in MV*or HV supply systems are caused by switching or by lightning,
dire¢tly or by induction. Switching overvoltages generally are lower in amplitude than lighthing
ovelvoltages, but they‘cah have a shorter rise time and/or longer duration. More informatiop on
ovelvoltage can befound in IEC TR 61000-2-14.

The|network users' insulation coordination scheme should be compatible with that adoptef by
the petwork(operator.

5 |Objectives and methods for power quality assessment

5.1 General
Generally, power quality assessments are made for:

e Network operator performance evaluation

This evaluation is often required by either regulatory authorities or by the network users to
value power quality against relevant standards, e.g. assessment for survey, complaint,
verification of compliance with connection agreement, compliance with quality regulation, or
benchmarking.

e Trouble shooting

To diagnose power quality related problems such as system harmonic resonance, custom
producing process abnormal interruption, equipment malfunction, etc., typically, raw
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unaggregated power quality measurement data are most useful for troubleshooting, as they
permit any type of post-processing preferred.

In this case, emphasis should be focused on the measurement of current which is invaluable
in determining sources/causes of power quality disturbances, since it can help to determine
if the cause of the problem is up stream or downstream of the measuring instrument.

System planning

Power quality is an important aspect for the development of the network for system
expansion or connection of new sensitive or disturbing installations (these could be either a
load or a generator).

Atteption-must shall be paid to the power quality assessment to ensure that the power quglity

eva

luation process addresses the following 5 aspects explicitly:

ecommended or/indicative values;

ystem conditions associated with recommended values;

oints on which power quality recommended values are applied;
ethods how power quality parameters are to be measured;

ethods by which assessment results come out from the large nGmber of measurement field
ata. These methods are provided in 5.2 and 5.3 hereafter.

Althpugh some types of disturbances are assumed to be continuous phenomena likely t¢ be
predent on any point of supply-terminals, it is also importanf.to keep in mind that these typgs of

dist
con

5.2
5.2.

For

on the concerning phenomena:

5.2.

For

Table 6 are recommended in this document.

Wrbances vary widely in time. Accordingly, any assessment approach used should carefully
sider whether the time varying nature of these disturbances is properly addressed.

Site power quality assessment
[ General

site power quality assessment, twakinds of methods are often used commonly depenfing

gtatistical indices like percentile values, maximum or mean values over a certain peridd of

Ime,
vent counting and tabulating.
p Continuous phenomena

continuous _pewer quality phenomena assessment focusing on site, methods defined in
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Table 6 — Site power quality assessment methods

IEC TS 62749:2020 RLV © IEC 2020

Assessment indices

Phenomena Minimum not exceeding corresponding not exceeding Indicative value ¢
assessme recommended values ® k times
nt period corresponding
a recommended
values ¢
Supply voltage |1 week Voltage Low level |Upper level Max. upper level and
deviation o o low level supply
Lv B % weekly | P % weekly voltage daily 3 s values
10-minute 10-minute with corresnonding
(5EE5.9.-2] " TRMS values | RMS time stamp' -
B =5o0rpBE |values
ZEIVEBToE |, E(99, 100]
Za
[0, 1]
if f>100 —
p, (100 -
p) % weekly
10-minute -
RMS values
MV 1 % weekly |99 %
10-minute weekly 10-
(see 4.3.3) |RMS values | minute RMS
values
0 % weekly
10-minute
RMS values
HV 1 % weekly |99 %
10-minute weekly 10-
(see 4.3.4) |RMS values {minute RMS
values
Volthge 1 week 95 % weekly 10-minute RMS values |99 % daily 3 s Max. daily 3 s valugs
unbplance values with corresponding
(see 4.4) time stamp
Flicker 1 week 95 %weekly 2 h P values 99 % daily 10- Max. daily 10-minufe
minute P  values | P values with
(see 4.5) corresponding time
stamp
Harmonics and |1 week 95 % weekly 10-minute RMS values |99 % daily 3 s Max. daily 3 s valugs
intef- values with corresponding
haronics (see 4.6) time stamp
Mainps 1 day. 99 % daily 3 s values Max. daily 3 s valugs
i i with corresponding
communicating (see 4.10) - time stamp
volthge

a g

or lofAg time measurement assessment, an assessed weekly value should be retained on a daily sliding b
Figdre2 is an example. See also Annex B.

hsis;

o

SSESSITTENt fOr SUTVEY, COMmpraimt, Verfication of Compiance Wit COMMTeCTtiom agreenent, Compiance
quality regulation, or benchmarking.

with

Assessment for more detailed power quality during assessment period. The coefficient k£ shall be determined by
long term measurement campaigns in several sites in order to proper characterize the voltage supplied with the
power quality very short-time indices given in Table 6. The-detailed-valuelor range of k for each phenomenon
is-underconsideration between 1,25 to 2.

d  Only for trouble shooting purpose. Here corresponding time stamp with appropriate time resolution is needed
for further post analysis in case of incident occurring at the same time to find out the relationship between the
incident and the power quality parameter indices.

NOTE 1

for voltage deviation, the flagged data is excluded in the calculation of percentile values.

Flagging concept is used in this document according to IEC 61000-4-30. Unless otherwise indicated, e.g.
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NOTE 2 Here in Table 6, 10-minute RMS values are referred to ‘10 min interval’ values defined by IEC 61000-4-30;

3 s values are referred to ‘150/180-cycle interval’ values (150 cycles for 50 Hz nominal or 180 cycles for 6
nominal) defined by IEC 61000-4-30.

0 Hz

NOTE 3 Where national/regional circumstances make it appropriate, different aggregation intervals can be specified.

5-27-6,3
Third weekly value

(5-26—6,2 )

Second weekly
value

5-25—0,1
First weekly
value

A

an )

| i i
W i1 o),
5-25 6-1 O+ 6-23

Maximum daily 3 s value trends

4 99 % daily 3 s value trends

I ‘

H 4 95 % weekly 10 minuteés RMS value trends
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IEC

Figure 2 — Example for illustrating voltage THD assessment result trends

5.2.8 For discontinuous phenomena (single event)

For jndividual event_évaluation, useful parameters can be tabulated during each event.

For [evaluationtof voltage dip and voltage swell, residual voltage and duration combined
the RMS voltage variation shape can be tabulated as shown in Table 7 and Figure 3 for exar

with
nple.

ime

NoTE\THe measurement and detection methods for voltage swells, dips and short

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 Figure 3
Point on wave Lower part in Figure 3
120
~ 100
=
S 80—
(0]
g 60+
S 40
20 =+
0 f % f } } f
0 0,05 0,10 0,15 0,20 0125 0,30 0,35
Time (s)
150
—~ 100 -
S
= 50—
(0]
g 97
S -50-
—-100 ==
-150 i i i } i i I
0 25 50 75 100 125 150 175 200
Time (ms)
IEC
Figure 3 —-Example showing information of single event assessment
5.3 | System aspect power quality assessment
5.3.1 Geheral
For pystem (sub-system/area) 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.

NOTE For more information on weighting rules, see Bibliography [31].
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.
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5.3.3 For discontinuous phenomena (events)

5.3.3.1 General

For system aspect assessment of-events voltage dips, voltage swells and supply interruptions,
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.

NOTE 2 For system aspect assessment of-events voltage dips, voltage swells and supply interruptions, several
—Interruption indices

meth

ds are also presented in CENELEC TR 50555

Time
and
isd

who

b aggregation method, in the case of multiple successive-events voltage dips, voltage s\
supply interruptions, should be used prior to the assessment. The time aggregation-dur3
efined as 1 minute in this document%a%eh%”we%em%eewﬁed—as-en&e

e _maanitude - and - duration—are those of the most severe observed durig
—Re oSt-Severe—observea—aurini

ells
tion

VWO,

Agg

For

5.3.

SAR

quality index that provides a count or rate of voltage dips, swells, and/or interruptions fi

syst]
sing
deli

SAR
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are

that

In th
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The

voltages with” corresponding events duration at a single monitoring site and Table 9 g
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200
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regation rules, if used, should be declared.

more information about time aggregation methods, see Angex B.

B.2 SARFI method
I’/ is an acronym for System Average RMS Variation*Frequency Index (SARFI). It is a pd
em. The size of the system is scalable: It can be defined as a single monitoring locatid

le network user service, a feeder, a substation, groups of substations, or for an entire pg
ery system.

F"I-X corresponds to a count or rate; of voltage dips, swells and/or interruptions belo
e a voltage threshold. For example, SARFI-70 considers voltage dips and interruptions
below 0,70 per unit, or 70 % wef-the reference voltage. SARFI-110 considers voltage sy
are above 1,1 per unit, or 140 % of the reference voltage.

is document, a rate of-30°days (number of events/30 days) is recommended for assessr
bltage dips, swellsand/or interruptions below or above a voltage threshold. If the meas

ulated accordingly.

followingyis an example using the SARFI-X method. Table 8 presents a list of resi

FI-X.indices coming out of Table 8. The observation period is from Jul-01-2000 to O
Dtotal 92 days.

wer
or a
n, a
wer

v or
that
ells

nent
ired

bd of the events(would be longer than or shorter than 30 days, SARFI-X indices will be

dual
ives
bt-1-

Table 8 — List of individual events measured at a single monitoring site

Time stamp Residual voltage Event duration

(%) (ms)
Jul-01-2000 09:48:52 73 180
Jul-01-2000 09:50:16 73 180
Jul-07-2000 14:20:12 0 1640
Jul-10-2000 15:55:23 13 2 000
Jul-21-2000 09:48:52 0 2 600
Aug-08-2000 07:35:02 49 680
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Sep-02-2000 08:30:28 0 41 000
Sep-08-2000 10:30:40 59 800

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

5.3.

It is
This

Mag
rang
feted
corr
of T

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

8.3 Magnitude-duration table

clear that when using the S4RFI method, the event time duration information is misg
will be remedied by using the magnitude-duration table described hereafter.

ng.

nitude-duration table format is shown as Table 10. The coldmris of the tables reprepent
es of duration, while the rows represent ranges of residua) ¥oltage. Each cell-pepulateg-the

-count-summing—each—event-matehing in the table givés the number of events with| the

bsponding range of residual voltage and durationrestrigtion. The values in Table 10 arg out
hble 8.

Table 10 — Magnitude-duration table format

Residual Duration ¢
voltage
U ms
%
10 << 200 200 < <500 500 < <1000 1000<¢< 5000<¢x
5000 60 000
U >|120 0 0 0 0 0
120> U > 110 0 0 0 0 0
90 + U >80 0 0 0 0 0
803 U>70 2 0 0 0 0
70 U>40 0 0 2 0 0
40 3 U2 Uy, 0 0 0 1 0
Uin[> U
Voltage 0 0 0 2 1
interruption

NOTE On a three phases system, voltage interruption begins when the Uy, s voltages of all three phases fall below
the interruption threshold (U, ). Refer to IEC 61000-4-30 for more information.
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A.1

Annex A
(informative)

Examples of profiles for power quality specification

General

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

NOTE Annex A is intended to address the flexibilities offered in this document, not to identify all the differgnces
with applicable national/regional standards.
A.2[ LV and MV public distribution networks in European countries
Table A.1 — Examples of profiles in European countries
LV and MV public distribution networks in European countries (applicable(standard: EN 50160)
4.2 For systems with synchronous connection to an interconnected system:
— 50 Hz + 1 % during 99,5 % of a year;
— 50 Hz + 4 % / — 6 % during 100 % of the time.
For systems with no synchronous connection to an interconnected system (e.g. supply systems
on certain islands):
— 50 Hz + 2 % during 95 % of a week;
— 50 Hz + 15 % during 100 % of the time.
European standard defines the freguency range for normal network conditions. Dufing
exceptional conditions, wider frequedgy tolerances may apply temporarily in order to maintain
the continuity of electricity supply
NOTE The frequency assessment is based on 10 s values according to IEC 61000-4-30.
4.3)2 p=100
B=5
4.313 Uigo o doesn’t exgeed U, +15 %
4.4 -
4.5 -
4.6)2.1 THD'is calculated with harmonic orders up to 40th only
NOTE U, U, and Ug ,, in Table 3: see EN 50160 (Table 1)
4.62.2 -
4.7 -
4.8 -
4.9 Interruptions threshold = 5 % of reference voltage
4.10 -
4.11 No rapid voltage change limits are specified
4.12.1 -
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A.3 LV, MV and HV power supply system in China

Table A.2 — Examples of profiles 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 p: 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)

4.4 -
4.5 -
4.6)2.1,4.6.3.1 | — THD is calculated with harmonic orders up to 25th. only
and 4.6.4.1 — Harmonics for LV, MV, and HV power supply systems:
Voltage | THD HR (%)
kV % Odd harmonics | Even harmonics
0,38 5,0 4,0 2,0
6 4,0 3,2 1,6
10
35 3,0 2,4 1,2
66
110 2,0 1,6 0,8
4.642.2, 3.2 Interharmonics-for LV, MV, and HV power supply systems:

2.2, 4.6
and 4.6.4.2
Voltage <100 Hz | 100 Hz ~ 800 Hz

Uy<1000V | 0.2 05

Uy>1000V | 0,16 0,4

NOTE Value here is for interharmonic ratio.

4.7 -

4.8 =

4.9 -

4.10 No mains-signaling communicating voltage limits are specified
4.1 No rapid voltage change limits are specified

4.12 See GB/T 18481
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A.4 Example of a transmission system in Canada

Table A.3 — Examples of profiles in Canada

Applies to high voltage 60 Hz networks from 44 kV to 230 kV
4.2 60 Hz £ 1 % (i.e. 59,4 Hz 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
4.644.1 Table 5 - Indicatives values of individual harmonic voltages at the high voltage points gf
supply-terminals given in percent of the fundamental voltage U,
Odd harmonics Even harmonics
Order Uhos o, Order Ungs %
h % h %
3 2 2 1,5
5 2 4 1
7 2 6 <h<50 0,5
9 1,5
11 1,5
13 1,5
15 1
17 <h <49 1.2 x 17/h
Voltage THD = 3 %
4.644.2 Voltage THDG = 3\%
4.7 -
4.8 -
4.9 Interrdption threshold is 10 % of reference voltage
4.1 n/a
4.1 RVC limit = 3 %. In some circumstances®, it can reach 6 % of nominal voltage.
* These are viewed as degraded operating conditions when equipment switching must be carified
out to meet supply system or load requirements.
4122 —
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A.5 Examples of profiles in Australia

Table 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 Hz to 50,25 Hz, while maintaining 49,85 Hz to 50,15 Hz 99 % of the time over a
30 days period.

— For islanded systems, under normal conditions with no contingency or load event, the
required frequency is: 49,5 Hz to 50,5 Hz

— Compliance is based on 4 second measurements

4.34§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 state regulators.
Accordingly, a wide range of practices currently still be adopted.

In any case, according to AS61000.3.100, the parameters are:

- p=99

- p=1
4.4 Voltage unbalance is 2 % 30 minute values for 100 % of the time
4.5 - Py for LV/MV is 1,0 for 95 % of the time

— and P for HV is 0,8 for 95 % of the timg

4.642.1 Under consideration — however Victorian distribution code applies IEEE Standard
519-1992, and total harmonic distortian limit of 5 %

4.6J2.2 As per IEC 61000-2-2
4.7 Preferred 230 V voltage dip and'swell measurement thresholds

Voltage Phase-to-neutral Phase-to-phase 1 phase 3 wire centre

threshold voltage voltage Neutral phase-to-phase volthge

dip swell dip swell dip swell
1/2 cycle 207 V 262V 360 V 456 V 414 Vv 524 V
RMS

4.8 See 4.7 above
4.9 (a) for single phase systems, falls below the interruption threshold of 10 % of the nomjinal

voltage, U\, for at least a % cycle

(b) for poly-phase systems, falls below the interruption threshold of 10 % of the nomjinal
voltage, U\, for at least a 'z cycle on all channels

4.1 Presently as per IEC

4.1 No-limits opnnifiarl otherthania-flicker rnqlliramnnl‘c\

4.12 No limits specified
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Annex B
(informative)

Additional information on power quality assessments

B.1 Weekly percentile values assessed on a daily sliding basis

A weekly percentile value U,, corresponds to a value such that x percent (x %) of
measurements are smaller than or equal to that value, over one week. Weekly percentile values

sevén days measurements.

perdentile values assessed on a daily sliding basis should better characterize t

than when assessed on defined weeks (with no overlapping). In the lattef ¢ase,
values may differ depending on the defined first day of the week, f}A6 mple
distfrbances are measured within seven consecutive days and not

assg¢ssed weekly percentile value.

two |different methods. These statistical assessments are
10-rhinute aggregated values recorded at the HV pomt connection of a given
durihg a year measurement campaign. Six weeks are |Q|s ated in this example.

/\

assissed on a daily sliding basis are weekly percentile values assessed each day with the|last

For measurement campaigns over more than one week, power quality levels resuhL/QJ of wefekly

Figyre B.1 gives an example that compares weekly 95t p ; |Ie values assessed with the

Q}/

pply voltage
perceptile
when high

idered in the spme

d on the 7t harmonic voliage

installdtion

N
14 . N o

0,8 -

U, (%)

0,6

0,4

0,2 C)

2016 10-22 Q.g 2016-10-29 2016-11-05 2016-11-12 2016-11-19 2016-11-26

95%

; é x Weekly U, over defined weeks -0~ Weekly Ugsy, ON daily sliding basis ¢ Daily Ugso
& @

IEC

F|gure B.1 — Comparison of two methods of assessing weekly 95th percentile values

In Figure B.1, the six plateaus (each shown by seven blue marks) correspond

to the 95th

percentile values assessed on six defined weeks (with no overlapping) and the curve shows the
95th percentile values assessed on a daily sliding basis (in red marks). In addition, the daily
95t percentile values are given (in green marks) to identify the days of higher disturbances.

Results show for example that the higher disturbances occurring on November 17th and
November 215t, even though within seven days, are not considered in the same defined weeks,
resulting of lower 7th harmonic level (approx. 1,0 %) than resulting level with the daily sliding

method (approx. 1,2 %).
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Example on system aspect continuous disturbance evaluation

Firstly, two variables named average index ( x ) and sample standard deviation (s ) are defined
by formulae (B.1) and (B.2).

>x (B.1)

whefe

=I

is the site average value of one kind of disturbances, e.g., unbalance flicker, etc.;

X; is the assessment result (percentile values) of individual site bélonging to this system (area);

n is the total number of monitoring sites covered in this system’(area);

S is the sample standard deviation.

Thug, average index x and sample standard deviation's are used for system (sub-system, or
areg) aspect power quality evaluation. Table B.1 is af example of the results using this method.

NOTE

B.3

Table B.1 - Listing of system power quality evaluation

Disturbance Average Sample Maximum of | Minimum of
standard . .
value site value site value
deviation

Voltage THD (%)

Unbalance (%)

Flicker R

It

NOTE ,The/total number of sites-should can be list here.

Max..and Min. site values are based on site percentile values.

Aggregation method used for events

B.3.1

General

Annex B provides additional information about aggregation method used for events assessment.
This annex is intended to help for further understanding the aggregation method defined in this
document.

B.3.2

Time aggregation

The time aggregation is counting a single event if there is a succession of events within a short
time according to the time stamps of each event. The rules of how the events are to be
aggregated depend on the specific needs of a particular assessment. Of course, the time length
chosen for aggregation is arbitrary. However, a one-minute aggregation time period is widely

used.
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Nevertheless, how to understand ‘the most severe one’ may lead to different aggregation results.
For example, for the successive events list in Figure B.2, Figure B.3 different results may exist

as:

e Event 1 (71 dy): selecting the most severe parameters of each encompassed event. The

duration of the aggregated event is in such a case chosen as the longest duration; its
retained voltage is chosen as the lowest value for the individual dips.

o Event 2 (1, dy): selecting the most severe one of each encompassed event according to the

a

B.3.
With
seq

whe
end

eve[I:

mplitude;

ond,
tion

Q&
Q
N
3events: (1,,d, ) (t,,d, ) ang%’%)

re a time-aggregati
of the previous

dy QQggregated as
4
\\<<’ (1)
Q o (tpdy)
- Time aggregation interval - Q or (1 +1,+15d,))
\Q IE
N

Figure B.2 — Example for iNngrating the differences resulted

\
2.1 Time aggregation inteév | [28] [31]1
b\

some surveys, aggregatio@l’lis not based on the time elapsed since the end of the prevjous
ela

t but instead on the ti
ence of voltage dips that can be aggregated in two different ways is shown in Figure B.3,

by time@g regation method
)

psed since the start of the previous events. An example |of a

window of 100 seconds has been assumed. Using the time sincd the
ese five sags will be aggregated as one event (Figure B.3 a)). Using

inst¢ad the time @iﬁce the start of the previous will result in two aggregated events

(Fig

O
3

N2

ire B.3.b)),@’first one consisting of three voltage sags, the second of two sags.

1 Figures in square brackets refer to the Bibliography.
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A 2s 91s 98 s 3s
B

ms voltage
|
ms voltage

100 s 1005

—y
Y

Event 1 Event 1 Event 2

Ti; Qg/&

a) first way of dips aggregation b) second way of dips aggregaﬂr/%

IEC

Figure B.3 — Example of time sequence of voltage dips that Ebn
be aggregated in two different ways ™

B.3.2.2 Information from Cigré C4.07[31] lex

In many cases, time aggregation is used to prevent double cou&) of events close together in
timg. Different methods of aggregation are in use, e with their advantages [and
disadvantages. One possible method is the following: the r&ned voltage of the aggregated
evet is the lowest of the values of the individual dips; thexduration of the aggregated evept is
the longest of the durations of the individual dips. Whefrevents are very close together in fime
(e.g| less than one second), the duration of the agg ted event is the sum of the durations of
the |ndividual dips. The discussion on the choice{\ ime-aggregation window remains openp.

QO

Thefe are several reasons for merging events/that are close in time into one event.

e \hen two identical voltage dip even.@ occur with a few minutes separation, the effegt on
nd-use equipment will be the sa&;@as that of one single event. If the first event will cquse
he equipment to trip, the produ rocess will still be down when the second event ocfurs.
, however, the equipment m hg%es to ride through the first event, it will equally ride thrqugh
he second event. Thus, two events that are separated in time less than the "produgtion
ecovery time" may be gated into one single event. In case the two events are diffefent,
he most severe one will"determine the behaviour of the equipment.

wo voltage dip y be due to essentially the same event in the power system. [The
tandard exam unsuccessful reclosing after a fault. Any customers not on the faylted
eeder will e&e ence two voltage dips with the same retained voltage. The duration may
e differe e to the difference in the breaker characteristic. Another example fs a
ecurre It. Such a power-system event may lead to a number of voltage dips separfted
eco&) rough minutes in time.

ithm used for characterising voltage dips may detect the end of a dip before the eyent

then drop below the threshold again.
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Annex C
(informative)

Main impact of poor power quality

General

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

Po
the
sho
oth
the
res
sta
equ

Cc.2

The
seri

er quality indices are described by the characteristics of supplied power in(order to cl
responsibility between the system operators and the end users. Powerlutilities sh
Ider responsibility for maintaining the reasonable range of power guality levels. On
r hand, power quality also depends on the way in which it is being-used at any instan
quipment of multiple users. Thus, maintaining the preferred poweér quality condition ig
onsibility of both the system operators and end users, namely through the enforceme
dards for controlling emission limits and ensuring a minimum immunity of end
pment.

Harmonic distortion

long-time exposure to relatively high harmonic distortion conditions may cause s
pus effects on the various pieces of equipment. Even very high short-term harmo

arify
buld
the
t by
the
nt of
use

bme
nics

distortions, e.g. resonance condition, may cause a dielectric breakdown due to overvoltages.

Harmonics can lead to overloading. Subs&quent overheating increases dielectric stress and

pow

er loss.

Capacitors for power factor correction often act as sinks for a particular order of harm

urrents. In this case, it can,lead to capacitor overcurrent if no forethought is given at
esigning stage.

on-sinusoidal power supplies result in a reduction of the torque of induction motors.

armonics will increase the interference with telephone,-cemmunication communicating
nalogue circuits;

xcessive devels of harmonics can cause errors in the reading of induction type en
eters which are calibrated for pure sinusoidal AC power.

igh.order harmonics cause voltage stresses.

armonic currents flowing through power system networks can cause additional losses|.

the

ponic
the

and

ergy

It is reported that the level of interharmonics in power supply systems is increasing due to the
development of frequency converters and similar electronically controlled equipment. Harmonic

voltages and interharmonic voltages,

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.
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C.3 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 a 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
il not properly taken into consideration at the design stage (equipment is normally designed

nd rated to account for some degree of voltage unbalance normally present in any pqwer
gystem).

C.4| Voltage deviation

Larde voltage deviations from the nominal values will shorten the life of\electrical equipment,
lowgr 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.5| Frequency deviation

If frequency deviation exceeds the limit,-the motors-shaill-be are usually protected by means of
stopping their operation. Sustained operation will alter the speed of motors and potenfially
credte unsafe conditions for the processes in whichh¢hey function.

Whgre frequency deviations occur frequently, such as islanded power systems, users may
noti¢e time drift with their analogue clocks:

C.6| Voltage fluctuation

Voltpge fluctuations can causeia number of harmful technical effects such as data erfors,
menmory loss, equipment shutdown, flicker, motors stalling and reduced motor life, resultirlg in
disryiption to production processes and substantial costs. However, considering the fact [that
voltage fluctuations are.normally within 10 % magnitude, most of these above mentioned effects
are more typical of voltage dips or swells.

C.7| Flicker

Flicker is'considered to be an annoying problem for the network users. Most of the time, it Joes

C.8 Voltage dip (or voltage sag)

Motor drives, including variable speed drives, are particularly susceptible because the load still
requires energy that is no longer available except from the inertia of the drive. In processes
where several drives are involved, individual motor control units may sense the loss of voltage
and shut down the drive at a different voltage level from its peers and at a different rate of
deceleration, resulting in the complete loss of process control. Data processing and control
equipment is also very sensitive to voltage dips and can suffer from data loss and extended
downtime.
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C.9 Transient overvoltages

Transient overvoltages can cause large dV/d: values that can damage or reduce the lifetime of
variable speed drives.
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Annex D
(informative)

Power quality issues related to distributed generation and micro-gr

General

020

ids

Because of grid connected distributed generation (DG), the distribution network will eventually
change from transmitting and allocating electrical energy to a new power exchange system,

whi
proh

DG
are

D.2

Grid
flow|
devi
clos

hig
D.3

DGs
turb

- A
A

The
wav

woﬂd be at the point of supply-terminals, and vice versa)Thus, some node voltages wi

frequency converters to{connect to the power system.

h ncludes power collection, transmission and storage. Consequently, It brings a serig
lems including power quality issues.

s also the main power element making up micro-grids. The following PQ characterizat
blways present in micro-grids.

Voltage deviation

connected DG changes the distribution network power flow and)can cause reverse pq
This affects the distribution network voltage and may cause large voltage deviations.
ation mainly depends on the network capability and location of grid connected DG.
er the DG’s location to the point of supply-terminal nodef the bigger the voltage chg

er than the rated voltage or the bus line voltage be¢ause of improper application of the

Harmonics

such as photovoltaic cells (PV), windpower, fuel cells, power storage systems and
nes can be connected to the power.system by power electronics devices.

PV, fuel cells and storage systéms generate direct current which needs an invertg
onnect to the power system,

5as turbine generates high(frequency alternating current, which needs AC/DC/AC or AQ

Advanced wind powér connects to the power system by an AC/DC/AC converter, transfg
\C voltage into DG voltage and then transforms the DC voltage into rated frequency
oltage.

e distortion*leading to similar effects to that of adding a non-linear load to the power sys

s of

ons

wer
The
The
nge
| be
DG.

gas

r to

IAC

rms
AC

5e devices)convert electric power, control load and may cause grid voltage and cunrent

em.

D.4

DG magnetic bias (DC current injection)

In a DG system which connects to the grid through an inverter, if the parameters are unbalanced
or trigger impulses that are asymmetrical, there may appear to be DC current in the inverters.
Inflow of the DC current in the distribution transformers may cause the transformer’s DC
magnetic bias and consequently cause wave distortion and abnormal heating as a result. In
order to attenuate this phenomenon, isolation transformers can be used, but the root problem
of filtering and avoiding unequal firing should be corrected in the first place.
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D.5 Voltage fluctuation and flicker

For renewable power generation systems like wind and photovoltaic, the unpredictable
fluctuating source of electricity is the main reason leading to output electric power fluctuation.
It can be increased by the use of maximum power point tracking (MPPT) control technology for
improvement of efficiency of a DG system.

On the other hand, DG system operation is usually controlled by its property owner. This may
cause the DG system to randomly start-up and stop operation. When some large capacity DG
systems start or quit, the power output changes abruptly causing voltage fluctuations and flicker.

Th' . +lo | 'y H 4 H'Y £ 4l ImVal 4 H S l
I 1o THUTT oTTTUUOS WIITITT UTC oTTUTtTuIrvurt voadpdaulitly UT UTC DO CUTITITUUUTT PUTTTU To TUVV.

D.6| High frequency conducted disturbances

Morgover, grid connected active infeed converters may be a source of )high frequgncy
condlucted disturbances (e.g. in the range 2 kHz to 150 kHz) and interference cases with
electronic devices, electricity meters and PLC systems for smart meter/grid have been reported.
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Annex E
(informative)

Methods to maintain and improve power quality

General

The quality indices and the recommended values cover appropriately the vast majority of
locations under acceptable economic conditions, despite the differences in situations, provided

that

E.2

r mass-market products, emission requirements in standards such as IEC 61000{3-2,
IEC 61000-3-3, IEC 61000-3-11 and/or IEC 61000-3-12 are regularly and approprigtely
pdated to take into account the development of markets and changes in teehnologies

r large installations, emission levels are effectively controlled, e.g. throdgh connegtion
greements;

etwork operators make use of appropriate methodologies and enginheering practices, |e.g.
ased on planning levels and IEC TR 61000-3-6, IEC TR 61000-3-7, IEC TR 61000-8-13
nd/or IEC TR 61000-3-14.

Voltage deviation

The|deviation of supply voltage is mainly caused by voltage drops as a result of load cufrent

flowjng through the system internal impedance.

Genlerally, voltage deviation requirements controlling operations are made by system operators,

incl

On

dding:

oltage regulation, including system aspects of active power flow control and reactive pgwer
Iow optimizing, transformer taps adjusting, etc.

eactive power compensation atdistribution stations, including capacitor banks and reaqtors
quipment, which are switchéd automatically according to the connected voltage.

the other hand, the end users are required to comply with the power factor demand

regylations made by (agreed with) system operators. Thus, reducing the reactive current qraw
from the supply systemiwith reactive power compensation equipment is the main method for

end

For
tec

E.3

Miti

users to meet yoltage deviation requirements.

large fluctdating end users, the following advanced equipment may be the best chpice
nically.and economically:

tatic-Var compensator (SVC);

static synchronous compensators (STATCOM) or static Var generation (SVG).
Harmonics

gating harmonics for the network user begins at the disturbance source.—Thefollowing

process One or more measures such as those listed below may be-the—choice selected
according to the particular circumstances.

Passive filters (LC filtering circuits)

This is the preferred industry choice as the equipment acts as the sink for certain harmonic
current orders.
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Active power filters (APF)

Mostly used for harmonic current fluctuating situations, thus the response time is the key
factor for characterizing their performance.

Embedded solution

E.g., PWM (pulse width modulation) technology used in modern power electronic
communities convertors.

Similarwih harmonics _mitlaatina hcker for the NEIWORK ISER hanaine at tha Aictiirhdnecao
>HHER—WHAAR MO ES—HHgathgHicKkertor e NeE W oRih—doEeER—PegihsattheaisSttHoghce
soulce It is alwavs accomplished bv controllinafluctuatina-pnower-drawn-bv the disturbdnce
Sodfice—t1SsatWaySaccomprShieaoy-cortrotihgHuctdatigpower-aawn—oythe—aiSttHdghce

Sim{lar with harmonics, mitigating flicker for the network is preferred at the distiirbéance soyrce,
howgver this may not always be possible, i.e. the best motor drive cannot_ mitigate the flicker
caugsed by a motor which is too large for the service capacity. When pdssible, mitigatidn is
accdmplished by controlling fluctuating power drawn by the disturbancelead, e.g., electrid arc
furnpce, welding machine, pumps, rolling mills and elevator. When siygh is not possible, then
power system service cable and/or transformer upgrade may,be) required. One or more
megsures such as those listed below may be selected according,to the particular circumstanfes.

Wise of higher voltage level supply as agreed between systefm operators and end users
gtatic var compensators (SVC),
gtatic synchronous compensators (STATCOM) oréstatic var generation (SVG),

g$eries reactors,

pgrade of power system LV service cables*and/or transformer,
econfiguration of MV power system tos\ptovide a stronger source,
se of series capacitor in MV powersystem.

In cgses where SVCs, STATCOMs, or SVGs are used, response time is the key factor for

chatacterizing their performance.

E.5| Voltage unbalance

To

lecrease the degree of voltage unbalance,—several-actions—can-be-taken one or more

megsures such ag those listed below may be selected according to the particular circumstances.

The first and most basic solution is for the system operators to deploy or distribute the Igads
in such'a-way that the three phase loads become more balanced.

For [arge unbalanced loads, as railway applications powered by single phase supplies] the
ysevof higher voltage level supply is possible, with agreement between system opergtors
and end users.

For large unbalanced loads, the SVC technology has the result according to C.P.Steinmetz
theory.

— For some of the railway applications powered by single phase supplies, special transformers,

such as Scott and Steinmetz transformers;—are-te can be used.

In a three phases system, transposition of transmission lines may also be a solution to
attenuate the negative sequence unbalance voltage.

Feeder voltage regulators can be used to balance the voltages, e.g. line-neutral regulation
can control zero-sequence unbalance, line-line regulation can control negative-sequence
unbalance.



https://iecnorm.com/api/?name=85b3f254b6ad3b951c5f9372b09bb6ac

- 50 - IEC TS 62749:2020 RLV © IEC 2020

E.6 Voltage dip/swell/short time interruption

Voltage dips, swells and short time interruptions are important PQ problems affecting industrial
and large commercial network users. As most of these events are caused by circuit faults,
improving system operation management skills and constructing robust supply systems are
always the fundamental procedure to decrease the effects of these unpredictable events.
Improving protection system performance for reducing the duration of circuit faults is also
possible to reduce voltage dips duration.

Another eff|C|ent method is an embedded solut|on to |mprove the sensmve Ioad |mmun|ty for

— Wninterruptible power supplies (UPS's),
— energy storage devices (super capacitors, SMES, etc.),
— and dynamic voltage restorers (DVR).
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Annex F
(informative)

Relation between power quality and EMC

General

Power quality is related to EMC in a number of ways — especially because compliance with
power quality requirements depends on the control of cumulative effect of electromagnetic

emis

The
to th
diffe
(se€

F.2

Acc
elec
cool

By d
will
leve
disty
fort

evaluation with respect to compatibility levels is made on a system-wide basis and ng

spe

This
netw
netw
the
com
and

NOT
highd
(see

NOT

sions trom all/multiple equipment and/or installations.

values recommended in this document for power quality purposes are equal or‘very c

rent meaning. In particular, they differ with respect to their point(of” applic3
Figure F.1) and probability of being exceeded.

Differences between power quality and compatibility levels

prding to IEC 61000-2-2 and IEC 61000-2-12, a compatibility level is a spec
tromagnetic disturbance level used as a reference level\in a specified environmen
dination in the setting of emission and immunity limits,

onvention, the compatibility level is chosen so thatthere is only a small probability th
s are generally based on the 95 % probability*levels of entire systems, using statis
ibutions which represent both time and space.variations of disturbances. There is allow3
e fact that the network operator cannot control all points of a system at all times. Theref

ific locations.

ose

e compatibility levels in EMC standards (e.g. IEC 61000 (all parts)) but withya)somewhat

tion

fied
for

at it

pe exceeded by the actual disturbance level. Aggording to IEC TR 61000-3-6, compatibility

tical
nce
ore,
t at

document defines the characteristics of electricity at the points of supply-terminals of p
orks. So, the recommended values for power quality indices apply at any point of p
orks. Moreover, all weekly.95 % values should meet the recommended values. So, ev
power quality recommended values in this document are equal or very close to
patibility levels defined in IEC 61000-2-2 and IEC 61000-2-12 for unbalance, harmoj
interharmonics, the-criteria are far more severe.

F 1 These differences can make power quality recommended values difficult to meet, in some situations. H
r values thapscompatibility levels can better characterize the electricity at the point of supply of public net
example ip-8{atse F.3).

F 2 FkigUre F.2 shows the relation between disturbance levels.

blic
blic
en if
the
nics

ence,
orks

Whi

e\the power quality requirements in this document apply only to the-SURPPLY TERMIN]

o

point of supply, these requirements should be coordinated with those concerning the
electromagnetic environment of electrical equipment, the utilization point of equipment and the
point of common coupling.

The change in voltage characteristics between the network user's point of supply-terminals and
the equipment terminals/utilization point depends on installation rules and is impacted
differently by particular phenomena/electromagnetic disturbances.
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Figure F.2 — Relation between disturbance levels (schematic significance only)

F.3 Example of power quality level versus compatibility level

Suppose power quality monitoring devices installed at 30 LV points of supply recorded
continuously the THD 10-minute RMS values of the supply voltage during a one week
observation period. Hence, 1 008 THD values would be recorded at each monitored point of
supply, totalling 30 240 recorded THD values on the LV system.
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As evaluation with respect to compatibility level is made on a system-wide basis and not at
specific locations, Figure F.3 gives the cumulative distribution of given 30 240 THD values.
Results show that 95 % of the THD values fall under 7 %, which complies with the LV system

com

patibility level of 8 %.
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Figure F.3 — Cumulative distribution of all THD values recorded
at 30 points of supply& e LV system, during one week

IEC

¥
evaluation with respect to pow@ quality levels (or limits) characterizing the supply volt

veekly 95t percentile value\}is calculated at each monitored LV point of supply. Figurg
5 these statistical results\and compares them with the LV compatibility level (8 %) and

percentile value of all recorded THD values on the given LV system (7 %).

vn as in Figur€j<->4, although 95 % of the THD values of the whole LV system is u
patibility levebo

f 8 %, from PQ perspective, there are still 3 points of supply out of 8 %.

hge,
F.4
the

hder

@xample intends to illustrate that although EMC and PQ look like using the s

Thelabo ame
assg¢sgprent method — percentile value to evaluate against the corresponding limits
(corppafibility leve alues for PQ), but with the differen ahing
of x %. PQ assessment method is more stringent than that of EMC; thus, generally speaking,

PQ recommended values may be higher than that of corresponding EMC compatibility levels.
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Annex G
(informative)

Other phenomena

G.1 General

Annex G provides additional information about the particular parameters/characteristics of the
supply voltage in the presence of mains communicating systems and/or equipment using switch-
mode technology connecied 10 the Network, named as "other phenomena. in this ocur&nt.

Q
G.2| Level behaviour over time Q
N

It is|to be distinguished between the following three aspects. (1/

chnology, the impedance of the supply network is varying over ti ue to this variability

— [Due to variation of loads connected to a network and/or somgf\féds with switching
f the grid impedance, the resulting voltages in the grid are vaz? an unpredictable ay.

— The level of voltages generated in the frequency range 2 kHz to 150 kHz is dependent on
ﬂhe cumulative effect of such equipment being connected@ e grid at a given time, anfl on
he action between such connected equipment and thesg\ impedance.

— $witch mode technologies as well as the tran%@sion of modulated signals cguse
intermittent high-frequency voltages. Related tra@ nts or pulses may have an effect on
PQ. 1%
N
Morg detailed information about immunity rek(\}rements in the frequency range 2 kHg to
150|kHz is given in IEC 61000-4-16 and IEC.61000-4-19.
)
In a@ldition to IEC 61000-4-30, represer@'§g the standard for PQ measurement, and with regard
to the aforesaid, a time domain measx)fement would be also recommended beyond frequgncy
domain measurement for compr@nsively evaluating PQ related to voltage levels in| the
freqpency range 2 kHz to 150 Iglz

o

IN

G.3| Duration @
Depending on C)O
- the applie@ﬁnology of equipment generating voltages in the frequency range 2 kHz to
50 kHz

— Whic es of loads are connected to the grid at a given time,

the j&ion of voltages generated by these loads in the frequency range 2 kHz to 150 kHz|can
be from a few ms up to permanent.

G.4 Periodicity

Depending on

— the applied technology of equipment generating voltages in the frequency range
2 kHz to 150 kHz,

— which types of loads are connected to the grid at a given time,

some periodicity of voltages generated by these loads in the frequency range
2 kHz to 150 kHz may be given.
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G.5 Bandwidth

Concerning the MCS, bandwidth of signal voltages depends on the MCS type (narrow-band,
broadband) and the applied modulation system, and may cover some tens of kHz.

Concerning the general electrical equipment, bandwidth of voltages generated by such loads in
the frequency range 2 kHz to 150 kHz depends on the choice of the switching frequency (some
kHz to several tens of kHz), its multiples and the characteristics of applied embedded filters.
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Annex H
(informative)

Role of stakeholders for power quality management —
Coordination of the parties involved

H.1 General
In relation to the quality of the supply, three different relations are to be considered:
- etwork operator — Network user, é
- etwork user — Equipment supplier Q‘
. . Q
- etwork operator — Equipment supplier. Q‘l,
H.2| Network operator — Network user /\@
The|quality of the supply involves two parties directly, the networ rator and the netyork
usel.

NOTE For practical re , this responsibility is fulfilled in this way only for relatively large loads and installajions.
In re|ation to other equi
netwprks and users’ equipment are dependent on the proper implementation of the EMC process.

H.3 Negark user — Equipment supplier

Und %ormal operating conditions, the network user uses/generates electricity by means of
elec%mmmmmip

A

or the electricity delivered at the point of supply, it is up{?{%ﬂe network operator to takg all
ractical steps to ensure that its characteristics remain Within such limits as are specjfied
nd to inform, if required, the network user of the leve(s'that can occur in normal opergting
ondition (the network user needs also to beé@are that abnormal conditions ofcur
ccasionally). To fulfil the above responsibilit e network operator is also obliged to
aintain reasonable control of the way in whjchvall network users behave, and to proyide
ach network user with such network inforrr;ngn as may be necessary to enable him toluse
he supply and/or export power without disturbance to others.

peration of the network or the supp other users and, insofar as such disturbance ariges,

take all necessary steps to reQu e it to an acceptable level. That responsibility off the
etwork user includes provi%@g the network operator with all information reasonpbly
equested regarding the equipnient that is or will be installed and the way in which it wi|l be
perated. Further, the ne@ user has to comply with such conditions for its operatioph as
ay be specified by tr@ etwork operator to prevent the emission of disturbance af an
xcessive level. .

he responsibility of the network US%F’\\% to behave in a way that avoids disturbing| the

ent, the quality of the supply, avoidance of disturbance and proper functioning df the

between network user and network operator.

The equipment supplier guarantees that the equipment can perform the intended function,
including avoidance of disturbance, and is suitable for the electromagnetic environment in
which it is intended to operate, including the conditions that can arise in public electricity
supplies.

The equipment supplier is further responsible to provide the network user with such
information about the characteristics of the equipment as may be required for transmission
to the network operator or for the instruction of the customer.

NOTE Safety considerations in case of normal and abnormal conditions of the network are not dealt with in this
document.
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H.4 Network operator — Equipment supplier

Finally, at representative level, both network operators and equipment suppliers are involved in

the EMC standardization process, in order to ensure that:

— emission limits are such as to prevent disturbance levels on electricity networks rising to
values that would hinder or limit the proper functioning of electricity users’ equipment or the

proper operation of the electricity networks;

— equipment immunity levels are adequate to cope with the disturbances transmitted via the

point of supply that can be found in practice.

NOTE While the concern of EMC is to secure the intended operation of equipment, it is clear that the

presymed to prevent damage also.

also fequires that his equipment should not be damaged. If operation as intended is secured, that norma Iwou

S

umer
Id be
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compfising
a|l national electrotechnical committees (IEC National Committees). The object of IEC is to promote internafional
cp-operation on all questions concerning standardization in the electrical and electronic fields. To thisvendq and

addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Regorts,

Plublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publigation(s)”). [Their

pfeparation is entrusted to technical committees; any IEC National Committee interested in thé'subject dealf with

ay participate in this preparatory work. International, governmental and non-governmental organizations ligising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidn for
andardization (ISO) in accordance with conditions determined by agreement betwegn|the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly'as possible, an internafional
bnsensus of opinion on the relevant subjects since each technical committee_has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Nafional
Committees in that sense. While all reasonable efforts are made to gnsure that the technical content of IEC

Plublications is accurate, IEC cannot be held responsible for the ‘way in which they are used or foll any

4) order to promote international uniformity, IEC National Cémmittees undertake to apply IEC Publications
nsparently to the maximum extent possible in their nationaléand regional publications. Any divergence between

ahy IEC Publication and the corresponding national or regiénal*publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity.* Independent certification bodies provide confofrmity

apsessment services and, in some areas, access to"{EC marks of conformity. IEC is not responsible fof any
services carried out by independent certification bodies.

6)
7)

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

o liability shall attach to IEC or its directors,"employees, servants or agents including individual expertg and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoeyer, whether direct or indirect, or for costs (including legal fees) and
ekpenses arising out of the publication)\lUise of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Alttention is drawn to the Normative'references cited in this publication. Use of the referenced publications is

indispensable for the correct application of this publication.

9) Afttention is drawn to the possijbility that some of the elements of this IEC Publication may be the subject of pptent

The|main task of IEC)technical committees is to prepare International Standards. In exceptipnal
circimstances, atechnical committee may propose the publication of a Technical Specificgtion

o the required support cannot be obtained for the publication of an International Standard,

the

o d > 10T d dSOIT,
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:

Draft TS Report on voting
8/1512/DTS 8/1524/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in

the report on voting indicated in the above table.

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

Thig second edition cancels and replaces the first edition published in 2015. This-ed
congtitutes a technical revision.

Thig edition includes the following significant technical changes with respect to lthe prev
edition:

a) minimum number of remaining data for weekly analysis,
b) improvement of the compatibility between EN 50160 and IEC TS 62749,
c) flurther explanation of the conception of daily sliding window,

d) further explanation of the aggregation method used for eventis,

e) further explanation of the relation between Power Quality*and EMC,

f) addition of a new definition of mains communicating system (MCS),

g) addition of a new Annex G: Other phenomena,

h) transfer of the main content of IEC TR 625100 IEC TS 62749.

The[committee has decided that the contents.'of this publication will remain unchanged unti

stabjility date indicated on the IEC website under "http://webstore.iec.ch" in the data relatg
the gpecific publication. At this date, the-publication will be

+ fransformed into an International standard,
+ feconfirmed,

. ithdrawn,

+ feplaced by a revised edition, or

. mended.

A bilingual versian‘of this publication may be issued at a later date.

tion

ous

the
dto

IMPORTANT - The 'colour inside' logo on the cover page of this publication indica
thati . I hicl id 1o I ful for ti I I
of its contents. Users should therefore print this document using a colour printer.

es
ng
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INTRODUCTION

The description of electricity is of fundamental importance within electricity supply systems. In
the past, its characteristics depended less on its generation than on the way in which it was
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.

Nowadays, Smart Grid construction and massive deployment of renewable energy sources
increase the complexity of power quality management. For more information about power

quality Tssues Tetatedto distributedgemeratiomand micro=grids; Tefer to Anmex D

NOT

The
orde
man

F For more information about role of stakeholders for power quality management, see Annex H.

e is a need for a common set of power quality (PQ) indices and measurement methog
r to allow different system operators to measure and report power quality, in a consis
ner.

Regprding the limits or levels of power quality, the situation differs. Historically, the elect
systems in different countries/regions have been designed in different ways to cater
natipnal/regional variations like different geographic, climatic or Cemmercial conditions, ef
is thus essential that any set of internationally agreed powern quality limits or levels

recdgnize these differences, which depends namely on thessystem configuration, the tran
chafacteristics between the different voltage levels (atteAuation or amplification), the ag

dist

Alsd,

cost
pay
The
opti
syst]

The

rbance levels on the system, etc.

the quality of power is not absolute. Optimizing power quality should be carried out
effective manner to balance network user power quality requirements and willingnes
for it with power quality supply costs.

refore, some of the objectives recemmended hereafter allow for a range of values
bns, while still ensuring the coordination of disturbance levels between different parts o
em or voltage levels.

n, the requirements to beapplied can be expressed by the association of the IEC Pq

Quallity framework from the\normative part of this document and profiles. Examples of pro

are

piven in Annex A.

s in
tent

rical

for
c. It
also
sfer
tual

in a
s to

, or
the

wer

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

Scope

This Technical Specification specifies the expected characteristics of electricity at the point of
supply of public low, medium and high voltage, 50 Hz or 60 Hz, networks, as well as power

quality assessment methods.

NOT

contd

o f

NOT
volta

This

je can be different.

bw voltage (LV) refers to Uy < 1 kV;

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

igh voltage (HV) refers to 35 kV < U, < 230 kV.

document applies to the phenomena listed in Table 1.

F 1 The boundaries between the various voltage levels can be different for different countries/regions. |
xt of this TS, the following terms for system voltage are used:

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

h the

F 2 Because of existing network structures, in some countries/regions, theboundary between medium and high

Continuous phenomena

Discontinuous-phenomena —
Events

Other phenomena

FREQUENCY DEVIATION

SUPPLY\INTERRUPTION

MAINS COMMUNICATING
VOLTAGES

SuU

PPLY VOLTAGE DEVIATION

VOLTAGE DIP

VO

L TAGE UNBALANCE

VOLTAGE SWELL

HA

RMONIC VOLTAGE

TRANSIENT OVERVOLTAGE

INT]

FRHARMONIC VOLTAGE

RAPID VOLTAGE CHANGE

FLI
FLU

CKER (VOLTAGE
CTUATION)

NOT

NOT

Whi

F 3 Specification of related measurement methods can be found in [IEC 61000-4-30.

F 4 [Specification of the performance of related measuring instruments can be found in IEC 62586.

e'power quality is related to EMC in a number of ways, especially because compliance

with

power quality requirements depends on the control of cumulative effect of electromagnetic
emission from all/multiple equipment and/or installations, this document is not an EMC

publication (see also Annex F).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 60038, IEC standard voltages
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IEC 60364-4-44, Low-voltage electrical installations — Part 4-44: Protection for safety —

Prot

ection against voltage disturbances and electromagnetic disturbances

IEC 60364-5-53, Low-voltage electrical installations — Part 5-53: Selection and erection of
electrical equipment — Devices for protection for safety, isolation, switching, control and

mon

IEC

IEC

itoring

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

a1000-2 2-2002/AMD1-2017
A - a~a —ay —yy - A~y pata s — oy -

IEC

IEC
leve
Supg

IEC
Ove

IEC
meg

3

For

ISO
add

o |
o |
NOT

3.1
cod

collgction of rules eoncerning rights and duties of the parties involved in a certain part of

elec

Note

[SO

61000-2-2:2002/AMD2:2018

s for low-frequency conducted disturbances and signalling in public medium-voltage pq
bly systems

TR 61000-2-14, Electromagnetic compatibility (EMC) — Part~2<14: Environmer
rvoltages on public electricity distribution networks

61000-4-30:2015, Electromagnetic compatibility (EMC)~ —" Part 4-30: Testing
surement techniques — Power quality measurement methods

Terms and definitions
the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization at the follo
esses:

EC Electropedia: available at httpi//www.electropedia.org/

SO Online browsing platform*available at http://www.iso.org/obp

F Terms are listed in alphabetieal order.

P

tric power system

1 to entry: JFor example: grid code, distribution code, code in electric power system.

JRCE; " |IEC 60050-617:2009, 617-03-03, modified — "code in electric power system"

61000-2-12, Electromagnetic compatibility (EMC) — Part 2-12: Environment — Cempatibility

wer

~
|

and

ving

the

has

bee

n'added in the Note to entry]

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

[

supply voltage agreed by the network operator and the network user
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Note 1 to entry: Generally declared supply voltage U, is the nominal voltage U but it may be different according
to the agreement between the network operator and the network user.

3.4
electricity
set of the phenomena associated with electric charges and electric currents

Note 1 to entry: In the context of electric power systems, electricity is often described as a product with particular
characteristics.

[SOURCE: IEC 60050-121:1998, 121-11-76, modified — The note has been added]

3.5
elegtromagnetic environment
totality of electromagnetic phenomena existing at a given location

Note|1 to entry: In general, the electromagnetic environment is time-dependent and its deScription can nged a
statidtical approach.

[SOURCE: IEC 60050-161:2018, 161-01-01]

3.6
eledtromagnetic disturbance
electromagnetic phenomenon that can degrade the performhance of a device, equipmert or
system, or adversely affect living or inert matter

Note|1 to entry: An electromagnetic disturbance can be an electromagnetic noise, an unwanted signal or a change
in the propagation medium itself.

Note|2 to entry: Electromagnetic disturbance in this TS fefers to low frequency conducted phenomena.

[SOURCE: IEC 60050-161:2018, 161-01-05{ modified — Note 2 to entry has been replaced|and
Not¢ 3 to entry has been deleted]

3.7
elegtromagnetic compatibility
ability of equipment or a system to function satisfactorily in its electromagnetic environment
withput introducing intoleraple-electromagnetic disturbances to anything in that environment

[SOYRCE: IEC 60050-161:2018, 161-01-07]

3.8
(electromagnetic) compatibility level
speg¢ified electromagnetic disturbance level used as a reference level for co-ordination in the
setting of'emission and immunity limits

Notell to entry: By convention, the compatibility level is chosen so that there is only a small probability that [t will
be exceeded by the actual disturbance level.

[SOURCE: IEC 60050-161:1990, 161-03-10, modified — Note has been shortened and Note 2
has been deleted]

3.9

flagged data

data that has been marked to indicate that its measurement or its aggregation may have been
affected by interruptions, dips, or swells

[SOURCE: IEC 61000-4-30:2015, 3.5, modified — modified to better understand this term]


http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=161-03-10
https://iecnorm.com/api/?name=85b3f254b6ad3b951c5f9372b09bb6ac

IEC TS 62749:2020 © IEC 2020 -1 -

3.10

flicker

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

Note 1 to entry: Voltage fluctuation cause changes of the luminance of lamps which can create the visual
phenomenon called flicker. Above a certain threshold, flicker becomes annoying. The annoyance grows very rapidly
with the amplitude of the fluctuation. At certain repetition rates, even very small amplitudes can be annoying.

Note 2 to entry: For the time being, flicker is qualified based on incandescent lamp’s behaviour.

[SOURCE: IEC 60050-161:1990, 161-08-13, modified — Notes to entry have been added]

3.11
flicker severity
intensity of flicker annoyance evaluated by the following quantities:

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

¢ long term severity (P) calculated from a sequence of 12 Pst-values over a two hours intgrval,
according to the following expression:

& p°
P —3 sti

Note|1 to entry: For details of P, and P, see IEC 61000-4-15.

3.12
frequency deviation
diffgrence between power supply frequency((f;; ;) and nominal frequency (fy)

[SOURCE: IEC 60050-614:2016, 614<01-10, modified — "system frequency at a given ingtant
and|its nominal value" has beencchanged to "power supply frequency (f;; ;) and nonjinal

freqlency (f\)"]

3.13
groyp total harmonic«distortion
THOG (abbreviation)

THIGy (symbol)

ratig of the RMS:value of the harmonic groups (Yg’h) to the RMS value of the group associated

with|the fundamental (YgJ):

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

[SOURCE: IEC 61000-4-7:2002/AMD1:2008, 3.3.2]

3.14

harmonic frequency

TH,n

frequency which is an integer multiple of the power supply (fundamental) frequency
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[SOURCE: IEC 61000-4-7: 2002/AMD1:2008, 3.2.1, modified — "fundamental frequency of the
power system" has been changed to "power supply (fundamental) frequency", the formula and
Note to entry have been removed]

3.15

harmonic order

h

(integer) ratio of a harmonic frequency (fy ;) to the power supply frequency (7 1)

[SOURCE: IEC 60050-161:1990, 161-02-19, modified — "the integral number given by the ratio
of the frequency of a harmonic to the fundamental frequency" has been changed to "(integer)

ratiq of a harmonic frequency (7 ;) to the power supply frequency (fy 1)"]

3.16
harmonic ratio
HR
ratiq of individual harmonic order component (U}, or /) to the fundamental gomponent (U, dr 14)

3.17
maips communicating system
MC$
system using mains power lines to transmit information signals;-either on the public electriicity
distfibution network or within installations of network users

[SOURCE: IEC 61000-2-2 :2002/AMD1:2017, 3.1.8, madified — "electrical" has been deletgd]

3.18
maihs communicating voltage

signlal superimposed on the supply voltage for-the purpose of transmission of information ir] the
public supply network and to network users“premises

Note|1 to entry: Three types of signals in theipublic supply network can be classified:
e 1lipple control signals: superimposed sinusoidal voltage signals in the frequency range 110 Hz to 3 000 Hz
e power-line-carrier signals: superilmposed sinusoidal voltage signals in the frequency range 3 kHz to 148,5 [kHz;

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

3.19
system operator
network operator
party responsible for safe and reliable operation of a part of the electric power system |in a
certpin area‘and for connection to other parts of the electric power system

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

3.20
nominal frequency

IN

value of frequency used to designate or identify a system

3.21

nominal voltage

UN

value of voltage used to designate or identify a system

Note 1 to entry: For example: nominal voltage of a system.
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[SOURCE: IEC 60050-601:1985, 601-01-21, modified — the abbreviation has been added,
"suitable approximate" from beginning of definition has been removed]

3.22

normal operating conditions

operating conditions of a public electricity supply system typically including all generation
variations, load variations and reactive compensation or filter states (e.g. shunt capacitor
states), planned outages and planned arrangements during maintenance and construction work,
non-ideal operating conditions and normal contingencies under which the considered system
has been designed to operate

Note|1 to entry: Normal system operating conditions typically exclude exceptional situations such as: conditions
arisinlg as a result of a fault or a combination of faults beyond that planned for under the system security,stanfdard,
unavpidable circumstances (for example: force majeure, exceptional weather conditions and other natutral-disagters,
acts py public authorities, industrial actions), cases where Network users significantly exceed their(émission [imits
or dq not comply with the connection requirements, and temporary generation or supply arrangements adopted to
mainfain supply to Network users during maintenance or construction work, where otherwise. supply would be
interqupted.

Note|2 to entry: For example: nominal operating conditions of a public electricity supply system.

[SOURCE: IEC TR 61000-3-6:2008, 3.15, modified —"of the system or of the disturping
installation" has been replaced by "of a public electricity supply<system”, "and planned"|has
been added to "arrangements", "or the disturbing installation" has been deleted and "the Note
to eptry has been slightly changed]

3.23
perg¢entile value
U,.J (symbol)

value such that x percent (x %) of measurementsyare smaller than or equal to that value, pver
a giyen period

3.24
planning level
leve| of a particular disturbance in,a particular environment, adopted as a reference valug for
the limits to be set for the emissions’from the installations in a particular system, in order tq co-
ordipate those limits with all the*limits adopted for equipment and installations intended tp be
conmected to the power supply'system

Note|1 to entry: Planning fevels are considered internal quality objectives to be specified at a local level by tfhose
resp@nsible for planning_and operating the power supply system in the relevant area.

[SOYRCE: IEC.IR 61000-3-6:2008, 3.16]

point of common coupling

ther

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 — "of a power supply network" has been
changed to "in a public power supply network", In the first note, "customer's" has been changed
to "user's" and Note 2 to entry has been deleted]

3.26

point of supply

supply terminal

point in a distribution or transmission network designated as such and contractually fixed, at
which electric energy is exchanged between contractual partners
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Note 1 to entry: Point of supply can 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 — "or transmission" has been added after
"distribution" and "may" has been changed to "can" in the Note to entry]

3.27

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

Note[T to entry: For example: power network user.

[SOURCE: IEC 60050-617:2009, 617-02-07, modified — The note to entry has been added

3.28
power quality
chanacteristics of the electricity at a given point on an electrical system, evaluated against 3 set
of rgference technical parameters

Note|1 to entry: These parameters might, in some cases, relate to the compatibjlitysbetween electricity suppli¢d on
a network and the loads connected to that network.

Note|2 to entry: In the context of this Technical Specification, power quality, Tefers to point of supply and foquses
on de¢fining the characteristics of the voltage and frequency.

[SOURCE: IEC 60050-617:2009, 617-01-05, modified - "electric current, voltage |and
frequencies" have been replaced by "electricity", In Note 1 to entry "electric power system"|has
been replaced by "network" and Note 2 to entry has‘been added]

techinical parameters characterizing thé>quality of electricity, measured at a given ppint,

spegification that supplemeénts a standard by limiting options, in order to serve the needs of

RM$ value 'of/one of the components having a harmonic frequency in the analysis of a pon-
sinusoidal'waveform. For brevity, such a component may be referred to simply as a 'harmgnic’

Note 2 to entry: For more details, see IEC 61000-4-7:2002/AMD1:2008.

[SOURCE: IEC 61000-4-7:2002/AMD1:2008, 3.2.3, modified — The three notes have been
replaced]

3.32

RMS value of a harmonic group

Yo

square root of the sum of the squares of the RMS value of a harmonic and the spectral
components adjacent to it within the time window, thus summing the energy contents of the

neighboring components with that of the harmonic proper

Note 1 to entry: The symbol Y is replaced, as required by the symbol 7 for currents, by the symbol U for voltages.
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Note 2 to entry: For more details, see IEC 61000-4-7:2002/AMD1:2008.

[SOURCE: IEC 61000-4-7: 2002/AMD1:2008, 3.2.4, modified — The end of the definition has
been deleted]

3.33

RMS value of an interharmonic centred subgroup

Yisg,h

RMS 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 RMS value of the centred subgroup between the harmonic orders # and # + 1 is designat¢d as

for example, the centred subgroup between 2 =5 and 4 = 6 is designated as Y.

Yisg, h isg, 5.

Note|2 to entry: For more details, see IEC 61000-4-7:2002/AMD1:2008.

[SOURCE: IEC 61000-4-7:2002/AMD1:2008, 3.4.3, modified — "spectral" has been replacefd by
"intgrharmonic", the end of the definition has been modified, Note 1 to entry-has been modjfied
and|Note 2 to entry has been added]

3.3

RM$ value of an interharmonic component

Ye,i

RM$ value of a spectral component of an electrical signalvwith a frequency between |two

congecutive harmonic frequencies

Note|1 to entry: For brevity, such a component may be referre€d te’ simply as an ‘interharmonic’.

Note|2 to entry: For more details, see IEC 61000-4-7:2002/AMD1:2008, 3.4.2.

[SOURCE: IEC 61000-4-7:2002/AMD1:2008;34.2, modified — The second part of the definjtion
has |been changed, the second sentence _of'the definition has been changed to a Note to gntry
and|Note 2 to entry has been replaced]

voltage change

RV
quick transition (that may.last more than several cycles) in RMS voltage between two stepdy-
statg¢ conditions while the voltage stays in-between the thresholds defined for voltage swells

Note|1 to entry: Ferimore information, see IEC 61000-4-30.

recgmmended values
value aunder which, or values within which, the voltage characteristics should remain in vie
providi . o

w of

Note 1 to entry: The characteristics of electricity agreed between network operator and a network user or set by
national/regional regulatory authority can be locally optimized.

3.37

reference voltage

value specified as the base on which residual voltage, thresholds and other values are
expressed in per unit or percentage terms

Note 1 to entry: For example: reference voltage for interruptions, voltage dips and voltage swells measurement and
evaluation.
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3.38

supply voltage

RMS value of the line-to-line or line-to-neutral voltage at a given time at the point of supply,
measured over a given interval

3.39

time aggregation

combination of several sequential values of a given parameter (each determined over identical
time intervals) to provide a value for a longer time interval

: =4- (150
cyclgs for 50 Hz nominal or 180 cycles for 60 Hz nominal); 10 min value and 2 h value are also defingd in
IEC §1000-4-30.

[SOURCE: IEC 61000-4-30:2015, 3.31, modified —Note 1 to entry has been modified]

3.40
total harmonic distortion
THO (abbreviation)

THI}y (symbol)

ratiqg of the RMS value of the sum of all the harmonic components(¥}; ;) up to a specified order
(hmdx) to the RMS value of the fundamental component (Y}, ;):

4

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 64000-4-30:2015, 5.8.1.

3.41
transient overvoltage
voltpge surge

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

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

3.42
volthge deviation
diffgrence-between supply voltage (U) and nominal voltage (Uy), often expressed by relative

valu

Note 1 to entry: In some circumstances, Uy may be replaced by U, by contract or agreement.

3.43

voltage dip

sudden reduction 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 dip generally is 90% of reference voltage.

[SOURCE: IEC 60050-161:1990, 161-08-10, modified — "from" has been changed to "usually
from" and Note 1 to entry has been added]
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3.44
voltage fluctuation
series of voltage changes or a cyclic variation of the supply voltage envelope

Note 1 to entry: For the purpose of this Technical Specification, the reference voltage is the nominal or declared
voltage of the supply system.

[SOURCE: IEC 60050-161:1990, 161-08-05, modified —"or a continuous variation of the RMS
or peak value of the voltage" has been changed to "or a cyclic variation of the supply voltage
envelope" and Note 1 to entry has been modified]

3.4

voltage short time interruption
disappearance of the supply voltage for a time interval whose duration is between twé/specified
limi

Note|1 to entry: A short time interruption is considered to be a reduction of the supply voltage under the interruption
threshold (usually 5 % or 10 % of the reference voltage), with the lower limit of the duration\typically a few tenths of
a seqond, and its upper limit typically in the order of 1 min (or, in some cases up to 3 or 5 min).

[SOURCE: IEC 60050-161:1990, 161-08-20, modified — Note 1 to entry’has been modified

3.46
voltage swell
suddlen increase of the voltage at a point in an electrical system followed by voltage recoyery
after a short period of time, usually from a few cycles te,a'few seconds

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

3.47
volt]age unbalance

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

[SOURCE: IEC 60050-161:1990,%161-08-09, modified —"RMS values" has been replaced by
"magnitudes" and "(fundamentalieomponent)" has been added]

3.48
voltage unbalance factor
in a[three-phase system, the degree of unbalance expressed by the ratio (in per cent) of the
RM$ values of the.negative sequence component (or the zero sequence component) to| the
positive sequeneg ‘component of the fundamental component of the voltage

[SOURCE:JEC 60050-614:2016, 614-01-33, modified — addition of "voltage" to term, delgtion
of “qr the electric current"]

4 Recommended values for power quality indices

4.1 General

Most of the recommendations for power quality at the point of supply are expressed as power
quality indices that describe the manner in which the characteristics of electricity vary. Such
variations may appear random in time, with reference to any specific point of supply, and
random in location, with reference to any given instant of time. As such, the power quality
indices are based on the occurrence of the applicable electromagnetic phenomena:

e continuous phenomena, i.e. deviations from the nominal value that occur continuously over
time. Such phenomena occur mainly due to load pattern, changes of load, non-linear loads
or distributed generation,
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e discontinuous phenomena or events, i.e. sudden and significant deviations from normal or
desired wave shape which typically occur due to unpredictable events (e.g. faults) or
external causes (e.g. weather conditions), and

e other phenomena, i.e. phenomena occurring in the presence of mains communicating
systems (MCS) and/or equipment using switch-mode technology connected to the grid. For
more information about other phenomena, see Annex G.

The power quality indices and the recommended values are intended to be used as technical
reference for regulatory purposes (e.g. in network codes) or for contracts between network
operator and network user (e.g. part of a connection agreement).

Powler quality requirements combine the obligations of network operators with the requiremgnts
of epuipment or installations on the electromagnetic environment. It is worth notinghewgver,
that|the requirements of equipment or installations on the electromagnetic environment plso
inclyde emission aspects that are addressed in other IEC standards (see Clause, 2 and Annegx F).

NOTE 1 Network operators are in charge of developing and operating the electricity supply system taking into
accoynt at the same time:

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

e 3voidance of unnecessary costs.

NOTE 2 In many countries/regions, requirements concerning the essential ¢haracteristics of electricity at points of
supply of public networks are set, or controlled, by National/Regional Regulatory Authorities.

In spme cases, additional requirements or differences in requirements can be agreed by tgrms
of a| contract (usually a connection agreement) betwee€n 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 Ipad.
It mpy also arise in sparsely populated or difficult terrain, such as mountain regions, where
distfibution costs are high. In such an area, a network user may be willing to accept a connegtion,
at Igwer cost, which does not entirely comply with the power quality standards.

NOTE 3 The quality indices and the recommenided values appropriately cover the vast majority of locations under
acceptable economic conditions, despite the differences in situations, provided that:

e fpr mass-market products, emission requirements in standards such as IEC 61000-3-2, |IEC 6100d-3-3,
IEC 61000-3-11 and/or IEC 61000-3-12 are regularly and appropriately updated to take into accounf the
development of markets and changes in technologies;

e fpr large installations, emission levels are effectively controlled, e.g. through connection agreement (Anrlex E
l|sts some methods to.improve power quality);

e qnetwork operators(make use of appropriate methodologies and engineering practices, e.g. based on planning
levels and IEC TR 61000-3-6, IEC TR 61000-3-7, IEC TR 61000-3-13 and/or IEC TR 61000-3-14.

Regprding phenomena that occur continuously over time, this document provides|the
recdmmended or indicative values applicable during normal operating conditions. It consiglers
an dbsetvation period of at least one week, e.g. in order to take account for variation in loads.

Measurement of voltage characteristics requires an aggregation time interval for both actual
calculation of the voltage and for comparability between results at different points in time. In
the case of this document, the 10-minute interval proposed in IEC 61000-4-30 is used for most
phenomena.

NOTE 4 In some countries/regions, aggregation time intervals less than 10-minute are used.

NOTE 5 Voltage fluctuation leading to long term flicker and mains communicating voltage has specific observation
period and/or aggregation time intervals.

The versatility and adaptability of electricity are managed by assigning some probability factors
to the recommended values for some power quality indices. Percentile values are then
compared to the recommended values expected to be statistically fulfilled within the observation
periods. The related probability should never be less than 95 %.
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Flagging concept is used in this document according to IEC 61000-4-30. Unless otherwise
indicated (e.g. for voltage deviation), the flagged data is excluded in the calculation of percentile
values.

For the relevance of the result, care should be taken regarding the number of the excluded and
missing (for any reasons) data, e.g. for the weekly assessment, if more than 10 % of data are
excluded or missing, a specific treatment should be performed. Percent of flagged data should
be observed to ensure relevant data are not missed by default flagging.

Network disturbances corresponding to discontinuous phenomena or events shown in

dipsfswells, voltage interruptions and rapid voltage changes, shall be interpreted’as indica

4.2

Thelfrequency shall be maintained within a given deviation from)the specified value, 50 H
60 Hz, in order to maintain a stable power system operation:

s$on to several years. These phenomena are mostly unpredictable, which makes. it
tult to give useful definite values for the corresponding characteristics. The values givs
document for the voltage characteristics associated with such phenomena) i.e. vol

all phenomena, the measurements are performed according to IEC 61000-4-30.

Frequency deviation

heir
ngle
very
nin
age
tive.

Z or

NOTE 1 In different synchronous areas, different requirements cafizapply (generally originated from grid codejs).

NOTE 2 For systems with no synchronous connection to an intérconnected system (e.g. supply systems on cg
islanfls or microgrids in islanding mode), specific requirements, can apply.

4.3

4.3.1 General

Sta

4.3.2 Low voltage systems

For

Dat

NOTE 1 In low yoltage systems, declared and nominal voltage are equal.

NOTE 2 Thextominal voltage Uy, for public low voltage is either between line and neutral or between lines.

Supply voltage deviation

ndard voltages are defined in IEC-60038.

ow voltage systems, recommended values are based on nominal voltage (Uy).

a flagged by voltage dips and swells shall be included in the calculation of percentile val

rtain

Les.

rnermal operating conditions, during each period of one week, the 10-minute RMS va

with the following conditions:

voltage percentile U, o does not exceed Uy + 10 %;
voltage percentile Uy o, 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,

and, if #> 100 - p, voltage percentile U1qq_) 9, is not lower than Uy — 15 %.

NOTE 3 The limits of the supply voltage deviation are more restrictive in some countries/regions.

NOTE 4 In some countries/regions, the voltage range can be specified asymmetrically with regard to the no
voltage, e.g. + 6 % ~ — 14 %.

minal
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NOTE 5 Voltage percentile U, ., is equal to the maximum value, voltage percentile U, ,, is equal to the minimum
value.

4.3.3 Medium voltage systems

Network users with demands exceeding the capacity of the LV network are generally supplied
at nominal voltages above 1 kV. This subclause applies to such electricity supplies at nominal
voltages up to and including 35 kV.

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

For medium voltage systems, recommended values are based on the declared voltage (I/).

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

Under normal operating conditions, during each period of one week, the 10-minute RMS varLues
of the voltage at the point of supply (U), excluding the periods of interruption, should comply
with|the following conditions:

e Yoltage percentile Ugg o, does not exceed U, + 10 %;
e Yoltage percentile Uy ¢, is not lower than U, —-10 %,;

e Yoltage percentile Uy o,is not lower than U, — 15 %.

NOTE 2 In some countries/regions, the voltage range can be spegified asymmetrically with regard to the dec]ared
voltape.

NOTE 3 In some countries/regions, U,, o doesn’t exceedUy+ 15 %.

NOTE 4 Voltage percentile U, o, is equal to the maximum value, voltage percentile U, ,, is equal to the minjmum
valug.

4.3.4 High voltage systems

Thig subclause applies to electricity supplies at nominal voltages above 35 kV and| not
exceeding 230 kV.

NOTE 1 Network users can, also be supplied at this voltage level to satisfy special requirements or to mifigate
condpicted disturbances emiited by their equipment.

NOTE 2 The number ¢f network users supplied directly from HV networks is limited and normally the supply voltage
is supject to individual contract.

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

Dater 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 RMS values
of the voltage at the point of supply (U), excluding the periods of interruption, should comply
with the following conditions:

e voltage percentile Ugg o, does not exceed U + 10 %;
e voltage percentile U 4o, is not lower than U_ - 10 %.
4.4 Voltage unbalance

Under normal operating conditions, during each period of one week, the 10-minute RMS value
of voltage unbalance factor (negative sequence) should be less than or equal to the
recommended value for 95 % of the time or more.
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For three phase LV, MV, and HV supply system, the 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, an
unbalance up to 3 % at the three phase point of supply can occur.

4.5 Flicker

Under normal operating conditions, during each period of one week, the flicker severity P}

should be less than or equal to the recommended values defined in Table 2 for 95 % of the time
or more

In tHe case of complaints, the HV and MV limits, and appropriate mitigation measures;‘'shall be
chogen in such a way that at LV, the P|; values do not exceed 1.

Table 2 - Flicker severity P, recommended values

Voltage levels Py
LV/MV 1,0
HV 1,0

NOTE 1 The recommended values are based on the effect of voltage\fluctuation on classical incandescent Igmps.
Modgrn types of lamps can have different behaviour.

NOTE 2 These limits take into consideration the flicker attenudtion from MV to LV and from HV to MV.
4.6 | Harmonic and interharmonic voltage
4.6.1 General

Recpmmended or indicative values are.given for individual harmonic voltages, namely harmpnic
ratiq (HR), and for total harmonic distortion (THD).

Respnances may cause highér voltages for an individual harmonic, however these effects
shoxld be controlled whenever they may have an impact on the system or equipment (for main
impact of poor power quality, refer to Annex C).

Recpmmended values™ (or limits) will be given hereafter for interharmonic voltages as ell.
However, these_limits are not meant to control flicker effects or interference in ripple control
systems.

4.6.2 Low voltage systems

4.6.2.1" __Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile Uyg5 o,

of the 10-minute RMS 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
points of supply 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,os 9, Order U,os 9, Order U,os 9,
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 1,0 (2, 0) 6...24 0,75
13 3,0 21 0,75 (1,5)
17 2,0
19 1,8
23 1,5
25 1,5
2P <h <49 2,27 x (17/h) - 0,27 27 < h <45 0,5 26(-h < 50 0,5
NOTE 1 Where national/regional circumstances make it appropriate, lower jimits than the values given in Taple 3
can be specified.
NOTE 2 Depending on the type of voltage transformer used, the measurement of high order harmonics could be
not reliable; further information is given in IEC 61000-4-30:2015, A/3.3:
2 QOepending on the type of neutral grounding systems andAsansformer connections in some countries/regjons,
npore triplen harmonics will flow in neutral conductors and.could cause higher harmonic voltages. In these cases,
the highest value in brackets in Table 3 should adequately‘characterize the system harmonic voltages.

The
be |

NOT
recof|

4.6.

The
harn
The
equ

In a
and

total harmonic distortion (THD) of the.supply voltage for harmonic orders up to 50 sh
bss than or equal to 8 %.

F In some countries/regions, orders-up to 40, only, are used to calculate the THD, maintaining the
hmended value.

p.2 Interharmonic voltages

same statistical-approach and the same range of values (see Table 3) should app
honic (centred)group voltages as to individual harmonic voltages from Subclause 4.6

bl to 8 %.

(ddition, based on a prudent consideration suggested in IEC 61000-2-2, indicative va

indices should be as follows. Under normal operating conditions, during each period of

buld

pame

y to
2.1.

group total harmonic distortion (THDG) of the supply voltage should also be less than or

Jues
one

week ~the interharmonic voltage percentile [/;o-o, of the 10-minute RMS values of each
interharmonic centred subgroup voltage should be no higher than those of the adjacent
harmonic voltage given in Table 3.

4.6.3 Medium voltage systems

4.6.3.1 Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile U, g5 o,

of the 10-minute RMS 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
points of supply 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 U5 9, Order U,os 9, Order U5 9,
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 1,0 (2,0) 6...24 0,75
13 3,0 21 0,75 (1,5)
17 2,0
19 1,8
23 1,5
25 1,5
29<h<49 2,27 x (17/h) — 0,27 27 <h <45 0,5 26¢2.h £ 50 0,5

NOTE 1 Where national/regional circumstances make it appropriate, lower Jimits than the values given in Taple 4

can be specified.

NOTE 2 Depending on the type of voltage transformer used, the measurement of high order harmonics cou|d be

not reliable; further information is given in IEC 61000-4-30:2015, A,3.3:

NOTE 3 When end-use equipment is not directly connected tethe MV system, lower values for MV could be more

apprppriate to allow coordination of disturbance levels betweenilow and medium voltage systems.

@ [Oepending on the type of neutral grounding systems“and transformer connections in some countries/regjons,
nfore triplen harmonics will flow in neutral conductors’and could cause higher harmonic voltages. In these cases,
the highest value in brackets in Table 4 should adequately characterize the system harmonic voltages.

The|total harmonic distortion (THD), of the supply voltage for orders up to 50 should be [ess

thar] or equal to 8 %.

NOTE In some countries/regions, orders up to 40, only, are used to calculate the THD, maintaining the same

recommended value.

4.6.8.2 Interharmonic voltages

The|same statistical approach and the same range of values (see Table 4) should apply to

harmonic (centred) group voltages as to individual harmonic voltages from Subclause 4.6]3.1.

The|group tetal harmonic distortion (THDG) of the supply voltage should also be limited upder

the yalug of 8 %.

In abdttiombasedomaprodentconsideratiomsuggestedmHEC61000=2=12mdicativevalues

and indices should be as follows. Under normal operating conditions, during each period of one
week, the interharmonic voltage percentile U,gg5 o, of the 10-minute RMS 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
4.6.4.1

High voltage systems

Harmonic voltages

Under normal operating conditions, during each period of one week, the voltage percentile U, g5 o,

of the 10-minute RMS values of each individual harmonic voltage should be less than or equal
to the values given in Table 5.
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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 generally 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. 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 points of

supply given in percent of the fundamental voltage U,

\'4

Odd harmonics Even harmonics
Not multiples of 3 Multiples of 3
Order U, Order v, Order v,
h % h % h %
5 2,0 to 5,0 3 2,0 to 3,0 2 1,5t0 1,9
7 2,0 to 4,0 9 1,0 to 2,0 4 0,8 to 1,0
11 1,5 to 3,0 6..12 0,5
13 1,5t02,5

NOTE 1 Limits for individual harmonic voltage of order higher than 13 are not defined due especially to|the
limifed accuracy of voltage transformers currently in useron HV systems. For measurement accuracy,| an
appjropriate type of voltage transformer can be used, particularly for the measurement of higher order harmon|ics.

NOTE 2 Due to the wide range of voltage levels included in HV (35 kV to 230 kV) and where national/regi¢nal
circumstances make it appropriate, limits for intermediate voltage levels can be specified within the rang¢ of
valyes given in Table 5.

Theltotal harmonic distortion (7 D) of the supply voltage should be limited under a value wjthin
3 %|to 6 % (including harmgnics for orders up to 50).

NOTE In some countries/fegions, orders up to 40, only, are used to calculate the THD, maintaining the same
reconmended value.

4.6.4.2 Interharmonic voltages

The|same statistical approach and the same range of values (see Table 5) should apply to
harmonic.{centred) group voltages as to individual harmonic voltages from Subclause 4.6]4.1.
The|group’ total harmonic distortion (THDG) of the supply voltage should also be limited upder
a valuevwithin 3 % to 6 %.

In addition, based on a prudent consideration suggested in IEC 61000-2-12, indicative values
and indices should be as follows. Under normal operating conditions, during each period of one
week, the interharmonic voltage percentile U,gs5 ¢, of the 10-minute RMS values of each

interharmonic centred subgroup voltage should be no higher than those of the adjacent
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.
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The power quality characteristics of individual events are defined for each individual phase, by
residual voltage and duration, despite the specific shape of the RMS voltage variation.
Recommended values of voltage dips are still under consideration. 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 be detected and stored.

Gengrally, according to the network user connection, or the concrete situation, line to Iinle or
line to neutral voltage shall be considered.

4.8 | Voltage swell

Frequently, voltage swell phenomenon may occur to be unpredictable andirandom. Depending
upoh 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 upder
congideration. More assessment methods are described in 5.2 and-3 hereafter.

Whgre 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 polyphase measurements, it is recommended thatthe number of phases affected by gach
event be detected and stored.

Generally, according to the network user connection, or the concrete situation, line to line or
line [to neutral voltage shall be considered.

4.9 | Voltage interruption

On single-phase systems, a voltage interruption begins when the residual voltage falls upder
intefruption threshold.

On polyphase systems, a.voitage interruption begins when the residual voltage of all phases
fallslunder interruption.threshold.

Intefruption threshold is generally 5 % or 10 % of the reference voltage.

Even when(referring only to normal operating conditions, the annual frequency of supply
intefruptions varies substantially between areas. This is due, amongst other things|, to
diffdrences in system layout (e.g. cable systems versus overhead line systems), environmgntal
or climatic conditions.

In most countries/regions, specific continuity of supply indices is established by regulators in
order to facilitate the benchmarking of the performance of the network operators under their
jurisdiction. The indices allow network operators to meet their obligation to routinely report
continuity of supply performance.

In the context of this document, voltage short time interruptions are mostly addressed. The
detection of short time voltage interruptions is referred to in IEC 61000-4-30 and 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 short time interruption should be classified according to Table 10.
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4.10 Mains communicating voltage

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
48,5 kHz in Europe (ITU region 1), with allowed signal levels up to 0,6 % of ty‘or 5 $ of
Uns respectively. In some countries/regions, the upper frequency is 500 kHz, |with allowed
signal levels between 2 mV to 0,6 mV.

Signal voltages recommended values in LV and MV are indicated in Figure 1. For 99 % |of a
day) the 3 s RMS value of signal voltages shall be less than or equal ,to the recommer{ded
values.

10

Voltage level (%)

0,1 1 10 100

Frequency (kHz) .

Figure 1 — Mains'.communicating voltages recommended values in percent of Uy used
in public LV networks (or U, in public MV networks)

NOTE 1, \Due to the low resonance frequency of the HV network, no values are given for mains communigating
voltapes(

NOTE 2 The effective use of mains signalling is challenged by the presence of harmonic, interharmonic and high
frequency conducted disturbances generated by power electronics (e.g. Active Infeed Converters). For compatibility
levels for LV public network, refer to IEC 61000-2-2:2002/AMD1:2017, AMD2:2018 for MCS and NIE.

NOTE 3 Depending on the type of voltage transformer used, the measurement of high frequency mains
communicating voltages can be not reliable; further information is given in IEC 61000-4-30:2015, A.3.3.

4.11 Rapid voltage change

Under normal operating conditions (excluding events), rapid voltage changes should not exceed
indicative values.

Rapid voltage change indicative values are in the range of 3 %~5 % of Uy (U,) for LV, MV and
HV.
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These values specifically refer to relative steady-state voltage changes aggregated over very-
short time intervals, e.g. 150/180-cycle time intervals (all variations during these intervals are
to be aggregated in the RMS value of the so-called steady-state voltage). They are based on
the usual design criteria for reactive compensation equipment and motor starting, for example.

In some countries/regions, there are no RVC limits specified. Where national/regional
circumstances make it appropriate, different limits may be specified than the values given in
this document.

NOTE In this document, no values are given for the maximum voltage change (d as defined in IEC 61000-3-3.

max)

4.12 Transient overvoltage
4121 Low voltage systems

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

NOTE 1 The rise time can cover a wide range from milliseconds down to much less than a microsecond. Howjver,
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
overyoltage due to lightning generally has a higher amplitude but lower¢energy content than an overvoltage cqused
by switching, because of the generally longer duration of such switchingyovervoltages.

For |withstanding transient overvoltages in the vast najority of cases, where necessary (see
IEC|60364-4-44), surge protective devices should b€ selected according to IEC 60364-5-58, to
takg account of the actual situations. This is assumed to cover also induced overvoltages|due
to bpth lightning and switching.

4.12.2 Medium and high voltage systems
Transient overvoltages in MV or HV-supply systems are caused by switching or by lightning,
dire¢tly or by induction. Switching<evervoltages generally are lower in amplitude than lighthing

ovelvoltages, but they can have\a-shorter rise time and/or longer duration. More informatiop on
ovelvoltage can be found in-lEC TR 61000-2-14.

The|network users' insulation coordination scheme should be compatible with that adoptef by
the petwork operator

5 |Objectives'and methods for power quality assessment

5.1 General

Ge rall _nowar auality accacsemante arg madg for-
Feys—pPeWer—guda = H-8 36810+

..........

o Network operator performance evaluation

This evaluation is often required by either regulatory authorities or by the network users to
value power quality against relevant standards, e.g. assessment for survey, complaint,
verification of compliance with connection agreement, compliance with quality regulation, or
benchmarking.

e Trouble shooting

To diagnose power quality related problems such as system harmonic resonance, custom
producing process abnormal interruption, equipment malfunction, etc., typically, raw
unaggregated power quality measurement data are most useful for troubleshooting, as they
permit any type of post-processing preferred.
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In this case, emphasis should be focused on the measurement of current which is invalu

able

in determining sources/causes of power quality disturbances, since it can help to determine

if the cause of the problem is up stream or downstream of the measuring instrument.
System planning

Power quality is an important aspect for the development of the network for system
expansion or connection of new sensitive or disturbing installations (these could be either a

load or a generator).

Attention shall be paid to the power quality assessment to ensure that the power quality

eva

luation process addresses the following 5 aspects explicitly:

ecommended or/indicative values;

ystem conditions associated with recommended values;

oints on which power quality recommended values are applied;
ethods how power quality parameters are to be measured;

ethods by which assessment results come out from the large number,offmeasurement
ata. These methods are provided in 5.2 and 5.3 hereafter.

Althpugh some types of disturbances are assumed to be continuols phenomena likely t
predent on any point of supply, it is also important to keep in" mind that these type

dist
con

5.2
5.2.

For

lrbances vary widely in time. Accordingly, any assessment approach used should care
sider whether the time varying nature of these disturbances is properly addressed.

Site power quality assessment
( General

Site power quality assessment, two kindsCof methods are often used commonly depen

on the concerning phenomena:

5.2.

For

gtatistical indices like percentile valdes, maximum or mean values over a certain perig

Ime;
3 vent counting and tabulating.

p Continuous phenomena

continuous powersguality phenomena assessment focusing on site, methods define

Table 6 are recommeénded in this document.

field

b be
5 of
fully

ding

d of
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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 level Max. upper level and
voltage low level supply
deviation Lv B % weekly | P % weekly voltage daily 3 s values
tsEE A2 10-minute 10-minute with correspanding
s RMS values | RMS time stamp

B =5o0rpBE |values

=b+y BT —4ac

ZEIVEBT oA |, E(99, 100]
o

[0, 1]

if f>100 —
p, (100 —

p) % weekly
10-minute
RMS values

MV 1 % weekly (99 %
10-minute weekly 10-
(see 4.3.3) |RMS values | minute RMS

values
0 % weekly
10-minute
RMS values
HV 1 % weekly |99 %

10-minute weekly 10-
(see 4.3.4) | RMS values {minute RMS

values

Volthge 1 week 95 % weekly 10-minute RMS values |99 % daily 3 s Max. daily 3 s valugs
unbplance values with corresponding

(see 4.4) time stamp
Flicker 1 week 95 %weekly 2 h P values 99 % daily 10- Max. daily 10-minufe

minute P  values | P values with
(see 4.5) corresponding time
stamp

Harmonics 1 week 95 % weekly 10-minute RMS values |99 % daily 3 s Max. daily 3 s valugs
and|inter- values with corresponding
haronics (see 4.6) time stamp
Mainps 1 day, 99 % daily 3 s values Max. daily 3 s valugs
communicat _ with corresponding
ing poltage (see 4.10) time stamp

2  [or long.time measurement assessment, an assessed weekly value should be retained on a daily sliding basis;
Figure2'is an example. See also Annex B.

b Asséssment for survey, complaint, verification of compliance with connection agreement, compliance |with
Tafity Tegutation, or berchmTarkimg:

¢ Assessment for more detailed power quality during assessment period. The coefficient £ shall be determined by
long term measurement campaigns in several sites in order to proper characterize the voltage supplied with the
power quality very short-time indices given in Table 6. The range of £ for each phenomenon is between 1,25 to
2.

4 Only for trouble shooting purpose. Here corresponding time stamp with appropriate time resolution is needed
for further post analysis in case of incident occurring at the same time to find out the relationship between the
incident and the power quality parameter indices.

NOTE 1 Flagging concept is used in this document according to IEC 61000-4-30. Unless otherwise indicated, e.g.
for voltage deviation, the flagged data is excluded in the calculation of percentile values.

NOTE 2 Here in Table 6, 10-minute RMS values are referred to ‘10 min interval’ values defined by IEC 61000-4-30;
3 s values are referred to ‘150/180-cycle interval’ values (150 cycles for 50 Hz nominal or 180 cycles for 60 Hz
nominal) defined by IEC 61000-4-30.
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NOTE 3 Where national/regional circumstances make it appropriate, different aggregation intervals can be specified.

5.2.

For

For
the

The

shouild be in accordance with IEC 61000-4-30.

5-27-6,3
Third weekly value

(5-26-6,2 )

Second weekly
value

5-25-6,1

First weekly

value

A
£ 3
[ P |
B | |
5-25 6-1 6-23

Maximum daily 3 s value trends

4 99 % daily 3 s value trends

H 4 95 % weekly 10 minutes RMS value trends
% & p | .

1,5 times
recommended values

Recommended value

-

Time

IEC
Figure 2 — Example for illustrating voltage THD assessment result trends

B For discontinuous phenomena,(single event)

ndividual event evaluation, useful‘parameters can be tabulated during each event.

evaluation of voltage dip and voltage swell, residual voltage and duration combined
RMS voltage variation shape’can be tabulated as shown in Table 7 and Figure 3 for exar

measurement and.detection methods for voltage swells, dips and short time interrupt

Table 7 — Example of single event assessment

Event attribution

Detailed characterization

Location

East station 10 kV busbar

Time stamp
p

2011-06-30 12 h:-36 m:12 2150 g

with
nple.

ons

Capturing threshold 80 %
Residual voltage 21 %
Time duration 81,9 ms

RMS variation shape

Upper part in Figure 3

Point on wave

Lower part in Figure 3
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Figure 3 — Example showing information of single event assessment
System aspect power quality assessment
L General

to statistical indices and events in order to get global results depending on the detai
ction of single points.

F For more information on weighting rules, see Bibliography [31].
p For continuous phenomena
system power quality indices, there are no corresponding recommended values, but

ssment based on-site evaluation results can give very useful information for system pq
ity management.

bx B gives.an example of system aspect continuous disturbance evaluation.

B For discontinuous phenomena (events)

5.3.84+— General

system (sub-system/area) power quality@ssessment, weighting rules may be used applying

s of

the
wer

For system aspect assessment of voltage dips, voltage swells and supply interruptions, the
following S4RFI methods combining with the magnitude-duration table (Table 10) can be used.

NOTE 1 Detailed information about SARFI methods is presented in IEEE 1564.

NOTE 2 For system aspect assessment of voltage dips, voltage swells and supply interruptions, several methods

are a

Iso presented in CENELEC TR 50555.

Time aggregation method, in the case of multiple successive voltage dips, voltage swells and
supply interruptions, should be used prior to the assessment. The time aggregation duration is
defined as 1 minute in this document. Aggregation rules, if used, should be declared.

For

more information about time aggregation methods, see Annex B.
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5.3.3.2 SARFI method

SARFI is an acronym for System Average RMS Variation Frequency Index (SARFI). It is a power
quality index that provides a count or rate of voltage dips, swells, and/or interruptions for a
system. The size of the system is scalable: It can be defined as a single monitoring location, a
single network user service, a feeder, a substation, groups of substations, or for an entire power
delivery system.

SARFI-X corresponds to a count or rate of voltage dips, swells and/or interruptions below or
above a voltage threshold. For example, SARFI-70 considers voltage dips and interruptions that
are below 0,70 per unit, or 70 % of the reference voltage. SARFI-110 considers voltage swells
that|are above 1,1 per unit, or 110 % of the reference voltage.

In this document, a rate of 30 days (number of events/30 days) is recommended for.assessment
of vopltage dips, swells and/or interruptions below or above a voltage threshold. Ifithe’ meastlired
peripd of the events would be longer than or shorter than 30 days, SARFI-X\indices will be
calcplated accordingly.

The|following is an example using the SARFI-X method. Table 8 presents a list of residual
voltages with corresponding events duration at a single monitoring“site and Table 9 dfives
SARFI-X indices coming out of Table 8. The observation period i§_from Jul-01-2000 to O¢t-1-
2000, total 92 days.

Table 8 — List of individual events measured at'a single monitoring site

Time stamp Residual voltage Event duration
(%) (ms)
Jul-01-2000 09:48:52 73 180
Jul-01-2000 09:50:16 73 180
Jul-07-2000 14:20:12 0 1640
Jul-10-2000 15:55:23 13 2 000
Jul-21-2000 09:48:52 0 2 600
Aug-08-2000 07:35:02 49 680
Sep-02-2000"08:30:28 0 41 000
Sep-08<2000 10:30:40 59 800

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

Index Count Events per 30 days
SARFI-90 8 2,61
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.

Magnitude-duration table format is shown as Table 10. The columns of the tables represent
ranges of duration, while the rows represent ranges of residual voltage. Each cell in the table
gives the number of events with the corresponding range of residual voltage and duration. The
values in Table 10 are out of Table 8.
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Table 10 — Magnitude-duration table format

Residual Duration ¢
voltage
U ms
%
10 <7< 200 200 <+ <500 500 <¢<1000 1000<+¢< 5000<1¢<
5000 60 000
U=>120 0 0 0 0 0
120> U> 110 0 0 0 0 0
90 3 U= 80 0 0 0 0 0
803 U>70 2 0 0 0 0
70 U =40 0 0 2 0 0
40 3 U2 Uy, 0 0 0 1 0
Uin[> U
Vol{age 0 0 0 2 1
interruption

NOTE On a three phases system, voltage interruption begins when the Uy

the interruption threshold (U, ). Refer to IEC 61000-4-30 for more_information.

us voltages of all three phases fall elow
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Annex A
(informative)

Examples of profiles for power quality specification

A.1 General

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

NOTE Annex A is intended to address the flexibilities offered in this document, not to identify all the differgnces
with gpplicable national/regional standards.

A.2[ LV and MV public distribution networks in European countries

Table A.1 — Examples of profiles in European countries

LV and MV public distribution networks in European countries (applicablestandard: EN 50160)

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

For systems with no synchronous connection to an interconnected system (e.g. supply systems
on certain islands):

— 50 Hz + 2 % during 95 % of a week;

— 50 Hz + 15 % during 100 % of the time.
European standard defines the frequency range for normal network conditions. Dufing
exceptional conditions, wider frequency tolerances may apply temporarily in order to maintain
the continuity of electricity supplys

NOTE The frequency assessment is based on 10 s values according to IEC 61000-4-30.

4.3)2 p=100
B=5

4.313 Ujigo o doesn’t exceed U, +15 %

4.4 -

4.5 -

4.6)2.1 THD'is calculated with harmonic orders up to 40th only
NOTE U, U, and Ug ,, in Table 3: see EN 50160 (Table 1)

4.62.2 -

4.7 -

4.8 -

4.9 Interruptions threshold = 5 % of reference voltage

4.10 -

4.11 No rapid voltage change limits are specified

4.12.1 -



https://iecnorm.com/api/?name=85b3f254b6ad3b951c5f9372b09bb6ac

IEC TS 62749:2020 © IEC 2020 - 35—

A.3 LV, MV and HV power supply system in China

Table A.2 — Examples of profiles 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 p: 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)

4.4 -
4.5 -
4.6)2.1,4.6.3.1 | — THD is calculated with harmonic orders up to 25th. only
and 4.6.4.1 — Harmonics for LV, MV, and HV power supply systems:
Voltage | THD HR (%)
kV % Odd harmonics | Even harmonics
0,38 5,0 4,0 2,0
6 4,0 3,2 1,6
10
35 3,0 2,4 1,2
66
110 2,0 1,6 0,8
4.642.2, 3.2 Interharmonics-for LV, MV, and HV power supply systems:

2.2, 4.6
and 4.6.4.2
Voltage <100 Hz | 100 Hz ~ 800 Hz

Uy<1000V | 0.2 05

Uy>1000V | 0,16 0,4

NOTE Value here is for interharmonic ratio.

4.7 -

4.8 =

4.9 -

4.10 No mains communicating voltage limits are specified
4.1 No rapid voltage change limits are specified

4.12 See GB/T 18481
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