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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-30: Testing and measurement techniques —
Power quality measurement methods

FOREWORD

1) [The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationteempriging
bll national electrotechnical committees (IEC National Committees). The object of IEC i§~to pronpote
nternational co-operation on all questions concerning standardization in the electrical and electronic fields| To
his end and in addition to other activities, IEC publishes International Standards, Technical) Specificatipns,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter .eferred to as EC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National*Committee interested
n the subject dealt with may participate in this preparatory work. International, gevernmental and non-
povernmental organizations liaising with the IEC also participate in this preparation/”1IEC collaborates clogely
with the International Organization for Standardization (ISO) in accordance with) conditions determined by
pgreement between the two organizations.

2) [The formal decisions or agreements of IEC on technical matters express, as.nearly as possible, an internatipnal
consensus of opinion on the relevant subjects since each technical committee has representation from all
nterested IEC National Committees.

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatjons
ransparently to the maximum extent possible in their national and regional publications. Any diverggnce
between any IEC Publication and the correspondingnational or regional publication shall be clearly indicated in
he latter.

5) |EC itself does not provide any attestation of ‘eonformity. Independent certification bodies provide conformity
bssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for [any
services carried out by independent certifiéation bodies.

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

7) No liability shall attach to IEC or. its directors, employees, servants or agents including individual experts jand
members of its technical committees and IEC National Committees for any personal injury, property damagg or
bther damage of any naturg~whatsoever, whether direct or indirect, or for costs (including legal fees) fand
pxpenses arising out of the-—publication, use of, or reliance upon, this IEC Publication or any other |IEC
Publications.

8) [Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
ndispensable for theeorrect application of this publication.

9) [Attention is drawn+to the possibility that some of the elements of this IEC Publication may be the subjedt of
patent rights7IEC shall not be held responsible for identifying any or all such patent rights.

a he-bre a 8d on A 8 a aVYaY- N he-—m alla hereVve ha

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61000-4-30 has been prepared by subcommittee 77A: EMC — Low-

fre

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

This standard forms part 4-30 of IEC 61000. It has the status of a basic EMC publication in
accordance with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

Th

Fu

changes;
the measurement method for RVC (rapid voltage change) has been added;

added in informative Annex C;

underdeviation and overdeviation parameters are moved to informative Annex D;

moved to informative Annex E and considered for future removal;

performance, and test procedures are transferred to |IEC 62586-2.

b text of this standard is based on the following documents:
FDIS Report on voting
77A/873/FDIS 77A/878/RVD

Il information on the voting for theapproval of this standard can be found in the report

voting indicated in the above table:

Th

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

A ljst of all parts in the. I[EC 61000 series, published under the general title Electromagn
compatibility (EMC)( can be found on the IEC website.

Th

e committeethas decided that the contents of this publication will remain unchanged until

stapility dateindicated on the IEC web site under "http://webstore.iec.ch" in the data relateq
the| specific-publication. At this date, the publication will be

réeonfirmed,

measurement methods continue in this standard, but responsibility for influence quantitig

fpuUS

the measurement method for current, previously informative, is now normative with some

the measurement method for conducted emissions in the 2 kHz to 150 kHz range has bgen

Class A and Class S measurement methods are defined and. clarified, while Class B is

»

on

ptic

the
to

withdrawn,
replaced by a revised edition, or

amended.

The contents of the corrigendum of December 2016 have been included in this copy.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding

of

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

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

Part 1: General

Pa

Pa

Pa

Pa

Pa

Pa

Ea
or

rt2: Environment

General considerations (introduction, fundamental principles)
Definitions, terminology

Description of the environment
Classification of the environment
Compatibility levels

rt 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the prod
committees)

't 4: Testing and measurement techniques

Measurement techniques

Testing techniques
't 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

't 6: Generic standards

t 9: Miscellaneous

uct

as Technical Specifications or Technical Reports, some of which have already b

published as sections)*Others will be published with the part number followed by a dash

COf

hpleted by a second number identifying the subdivision (example: 61000-6-1).

Ch part is further subdivided into several parts, published either as International Standaids

en
nd
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-30: Testing and measurement techniques —
Power quality measurement methods

1 Scope

This part of IEC 61000-4 defines the methods for measurement and interpretation of results|for
power quality parameters in-50/60-Hz a.c. power supply systems with a declared fundamental
frequency of 50 Hz or 60 Hz.

Mejpsurement methods are described for each relevant parameter in terms_that give religble
and repeatable results, regardless of the method’s implementation. This standard addresses
mejasurement methods for in-situ measurements.

Mejpsurement of parameters covered by this standard is limited to—veltage conducted
pheénomena-that-can-be-conducted in power systems. The power'quality parameters considefed
in {his standard are power frequency, magnitude of the supply voltage, flicker, supply voltage
dips and swells, voltage interruptions, transient voltages,~supply voltage unbalance, voltage
hafmonics and interharmonics, mains signalling on the supply voltage, rapid voltage changes,
and current measurements. Emissions in the 2 kHz to/150 kHz range are considered in Anfiex
C [informative), and over- and underdeviations afée “considered in Annex D (informatiye).
Depending on the purpose of the measurement, all or a subset of the phenomena on this |list
maly be measured.

nce

e

q

NOTE 2 The effects of transducers-inserted between the power system and the instrument are acknowledged|but
not laddressed in detail in this standard.-Precautions-on-installing-monitors—on-livecircuits-are-addressed- Guidgance
abolt effects of transducers-maj.can be found inH+EC-614557-12 I[EC TR 61869-103.

2 | Normative references

The following-documents, in whole or in part, are normatively referenced in this document and
arg indispensable for its application. For dated references, only the edition cited applies. fFor
uniated refefences, the latest edition of the referenced document (including any amendments)
applies(

3 - O~

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)

IEC 61000-2-4, Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibility
levels in industrial plants for low-frequency conducted disturbances
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IEC 61000-3-8, Electromagnetic compatibility (EMC) — Part 3: Limits — Section 8: Signalling on
low-voltage electrical installations — Emission levels, frequency bands and electromagnetic
disturbance levels

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) — Part 4-7: Testing and measure-
ment techniques — General guide on harmonics and interharmonics measurements and
instrumentation, for power supply systems and equipment connected thereto

IE

IEQ
me

IEQ

IEC
ins

IE(

andl uncertainty requirements

3 [ Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161, as
as fthe following apply.

3.1

channel

indjvidual measurement path through\an instrument

Notg 1 to entry: “Channel” and “phase” are not the same. A voltage channel is by definition the differenc
pot¢ntial between 2 conductors. Phase refers to a single conductor. On polyphase systems, a channel may
betiveen 2 phases, or between a phase and neutral, or between a phase and earth, or between neutral and earth].
_

Cobrdi | Uni LTi

61000-4-7:2002/AMD1:2008

asurement techniques — Flickermeter — Functional and design specifications
61180 (all parts), High-voltage test techniques for low voltage equipment

62586-1, Power quality measurement in power supply systems ~d4Part 1: Power qug
fruments (PQI)

62586-2, Power quality measurement in power supply systems — Part 2: Functional tg

61000-4-15:2010, Electromagnetic compatibility (EMC) - Part 4-15: Testing &nd

lity

sts

vell

be

3.2

declared input voltage
Udin . ,
value obtained from the declared supply voltage by a transducer ratio
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declared supply voltage

UC

normally the nominal voltage U, of the system

Note 1 to entry:

voltage is applied to the terminals, then this voltage is the declared supply voltage Ug.

3.4

dip threshold

vol

age magnitude specified for the purpose of detecting the start and the end of a voltage d

If, by agreement between the supplier and the customer, a voltage different from the nominal

Notg

diff.

jged data

any measurement t|me |nterval in which interruptions, dips or swells _@tcur, the mari
asurement results of all other parameters made during this time interval

1 to entry:

a—en
rent-tvnes-of events- F!ag

is—n
1S

hp A
t moved from-the dat
3 SC—HOoM—Re-Gat

oth

exc

3.6
flig
imy
Spé

[Sq

shd
[SC
3.6
P

t
lon

[Sq

3.7

3.6].

o
he impor
15a7 ot

dards—dete#imﬂe—the—use—ef—ﬂagged—dat& For some appllcatlons thls mark

uded from further analysis, for example. See 4.7 for further explanation,

Fer
r applications—the fact-th
—app AS,—the—+aettf

ker
ression of unsteadiness of visual sensation inducéd by a light stimulus whose luminance
ctral distribution fluctuates with time

DURCE: IEC 60050-161:1990, 161-08-13]

rt-term flicker evaluation bas€don an observation period of 10 min
URCE: IEC 61000-4-1§]

.2

g-term flickefevaluation

URCE\NEC 61000-4-15]

fur

damemntal compomnent

component whose frequency is the fundamental frequency

3.8

fundamental frequency
frequency in the spectrum obtained from a Fourier transform of a time function, to which all the
frequencies of the spectrum are referred

or
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Note 1 to entry: In case of any remaining risk of ambiguity, the fundamental frequency may be derived from
number of poles and speed of rotation of the synchronous generator(s) feeding the system.

3.9

harmonic component
any of the components having a harmonic frequency

Note 1 to entry:

tos

imply as a harmonic.

[SOURCE:IEC 61000-2-2:2002, 3.2.4;-medified]

the

Its value is normally expressed as an r.m.s. value. For brevity, such component may be referred

3.1
ha
fre

Not
(red

3.1
hy
dif

Not
diffé

Not
whg

3.1
inf
ahy
qu
rel

[S(

NO]
3.1
int
Sp4

0
monic frequency
uency which is an integer multiple of the fundamental frequency

e 1 to entry: The ratio of the harmonic frequency to the fundamental frequency is~th€ harmonic o
lommended notation:-A 1) (IEC 61000-2-2:2002, 3.2.3)

1
teresis
rence in magnitude between the start and end thresholds

e 1 to entry: This definition of hysteresis is relevant to PewerQuality~<PQ) measurement parameters an
rent from the IEC 60050 definition which is relevant to iron core saturation.

e 2 to entry: The purpose of hysteresis in the context of PQ measurements is to avoid counting multiple ev
n the magnitude of the parameter oscillates about the threshold.level.

2
uence quantity

a a A
Sav e cl S g S O - g goH

ntity which is not the subject of the measurement and whose change affects
tionship between the indication and.the result of the measurement

DURCE: IEC 60050-311:2001, 311=06-01;-medified]

e T - . _

3
brharmonic component

ctral component—having—an—interharmenic with a frequency between two consecu

hafmonic frequenctigs

pE

Not

Not

b 1 toeniry:  The definition is derived from I[EC 61000-4-7.

b 2,10 entry: Its value is normally expressed as an r.m.s. value. For brevity, such a component may be refe

der

d is

bnts

the

ive

red

tos

3.1

mply as an interharmonic.

4

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

Note 1 to entry:

frequency to the fundamental frequency. This ratio is not an integer (recommended notation m).

Note 2 to entry: In the case where m < 1 the term subharmonic frequency may be used.

[SOURCE: IEC 61000-2-2:2002, 3.2.5]

By extension from the harmonic order, the interharmonic order is the ratio of an interharmonic
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3.15
interruption
reduction of the voltage at a point in the electrical system below the interruption threshold

3.16

interruption threshold

voltage magnitude specified for the purpose of detecting the start and the end of a voltage
interruption

3.17

melasurement uncertainty
pallameter, associated with the result of a measurement, that characterizes the dispersion of
the| values that could reasonably be attributed to the measurand

[SQURCE: IEC 60050-311:2001, 311-01-02]

3.18
nominal voltage

volfage by which a system is designated or identified

3.19

overdeviation

difference between the measured: value and the nominal value of a

power quality
characteristics of the electricity at a given pojnt'on an electrical system, evaluated against a [set
of feference technical parameters

Notg 1 to entry: These parameters might, in.sdme cases, relate to the compatibility between electricity supplied on
a n¢twork and the loads connected to that network.

3.2

rogt-meantsquare value

r.nl.s. value

squareroot of the arithmetic mean of the squares of the instantaneous values of a quantity
takien.over a specified time interval and a specified bandwidth r]

[SOURCE: IEC 60050-103:2009, 103-02-03-404+-14-16,-modified]

3.22

r.m.s. voltage refreshed each half-cycle

Urms('/z) . .
value of the r.m.s. voltage measured over 1 cycle, commencing at a fundamental zero crossing,
and refreshed each half-cycle

Note 1 to entry: This technique is independent for each channel and will produce r.m.s. values at successive times
on different channels for polyphase systems.
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Note 2 to entry: This value is used only for voltage dip, voltage swell, interruption, and RVC detection and
evaluation, in Class A.

Note 3 to entry: This r.m.s. voltage value may be a phase-to-phase value or a phase-to-neutral value.

3.23
r.m.s. current refreshed each half-cycle

1 1
rms(%z2) . .
value of the r.m.s. current measured over 1 cycle, commencing at a fundamental zero crossing

on an associated voltage channel, and refreshed each half-cycle

NotfF—T 1o entryr For_gurdance, e associated voltage channel mignt be the correspondmg pnase-to-negtral
chahnel on single-phase or star networks. If there is no corresponding voltage channel, for example on\delta
netyork currents, or earth current or neutral current measurements, then the reference channel (see 5.1.3\used for
frequency measurements might be used.

3.24
r.n}.s. voltage refreshed each cycle

Urr1s(1)
valpie of the r.m.s. voltage measured over 1 cycle and refreshed each cycle

Notg 1 to entry: In contrast to Urms( this technique does not define when a cyclescommences.

%)

Notg 2 to entry:  This value is used only in Class S, and is used for voltage(dip, voltage swell, and interruption
detgction and evaluation.

Notg 3 to entry: This r.m.s. voltage value can be a phase-to-phase valuevor a phase-to-neutral value.
3.25

rarjge of influence quantities
range of values of a single influence quantity

3.
rapid voltage change
R
a duick transition in r.m.s. voltage _otcurring between two steady-state conditions, and duiing
which the r.m.s. voltage does not‘exceed the dip/swell thresholds

Notg 1 to entry: This note applies,to the French language only.

3.

reference channel
ong¢ of the voltage_measurement channels designated as the reference channel for polyphase
mefasurements

Notg 1 to entry? In the case of a single-phase measurement, the voltage measuring channel is also the refergnce
chahnel.

3.

residual voltage

Ures

minimum value of Urms(%),eeupmsg_)f recorded during a voltage dip or interruption

Note 1 to entry: The residual voltage is expressed as a value in volts, or as a percentage or per unit value of-Ugin-
Yrms1i2y-ts-usedforClass-A the declared input voltage. EitherUms1/2y-0Frms(1)

3.29

sliding reference voltage

Usr

voltage magnltude averaged overa%peemedﬁwmewal one mlnute representmg the voltage

voltage dip or swell
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Note 1 to entry: It is precisely defined in 5.4.4.

Note 2 to entry: The sliding reference voltage may be used to determine the voltage change during a dip or a swell,
typically for medium-voltage or high-voltage systems.

3.30
swell threshold
voltage magnitude specified for the purpose of detecting the start and the end of a swell

3.31

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

Notg 1 to entry: Aggregation in this document always refers to time aggregation.

3.

unglerdeviation
abgolute value of the difference between the measured value and the_nominal value of a
pallameter, only when the value of the parameter is lower than the nominal value

3.

uT

coprdinated universal time
time scale which forms the basis of a coordinated radio disseémination of standard frequendies
and time signals which corresponds exactly in rate wjth(Unternational atomic time, but differs
from it by an integral number of seconds

Notg 1 to entry: Coordinated universal time is established\by the International Bureau of Weights and Measyres
(BIFM) and the International Earth Rotation Service (IERS8),

Notp 2 to entry: The UTC scale is adjusted by thé{hSertion or deletion of seconds, so called positive or negdtive
leap) seconds, to ensure approximate agreement withrUT1.

Notg 3 to entry: This note applies to the Frephth language only.

[SOURCE: Recommendation ITUSR RF.686.3]

3.34
voltage dip
temporary reduction-ofi'the voltage magnitude at a point in the electrical system below a
threshold

Notg 1 to entry:) tnterruptions are a special case of a voltage dip. Post-processing may be used to distingtish
betyeen voltage'dips and interruptions.

Notg 2 to"entry: A voltage dip is also referred to as sag. The two terms are considered interchangeable; howejer,
this|standard will only use the term voltage dip.

3.35

voltage swell

temporary increase of the voltage magnitude at a point in the electrical system above a
threshold

3.36

voltage unbalance

condition in a polyphase system in which the r.m.s. values of the line voltages (fundamental
component), and/or the phase angles between consecutive line voltages, are not all equal

Note 1 to entry: The degree of the inequality is usually expressed as the ratios of the negative- and zero-sequence
components to the positive-sequence component.
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Note 2 to entry: In this standard, voltage unbalance is considered in relation to 3-phase systems.

[SOURCE: IEC 60050-161:2002, 161-08-09, modified — notes to entry have been added]

4 General

4.1 Classes of measurement-methods

For each parameter measured,-three two classes (A and S-and-B) are defined in this standard.
For_each class, measurement methods and appropriate performance requirements are
included.

— [Class A

This class is used where precise measurements are necessary, for example, for.contracfual
applications that may require resolving disputes, verifying compliance withrstandards, etc.
Any measurements of a parameter carried out with two different instruments.complying with
the requirements of Class A, when measuring the same signals, will Jproduce matchfing
results within the specified uncertainty for that parameter.

NOTE 1 Class A measurements produce matching results only if the user-selected parameters (threshdlds,
hysteresis, etc.) match.

— [Class S

This class is used for statistical applications such as surVeys or power quality assessmgnt,
possibly with a limited subset of parameters. Altheugh it uses equivalent intervals| of
measurement as Class A, the Class S processing requirements are much lower. Some
surveys may assess power quality parameters of Several measurement sites on a netwqrk;
other surveys assess power quality parameters{at a single site over a period of time, of at
locations within a building or even within a single large piece of equipment.

— |Class B

au
-

- be

For Class B information, seg Annex E (informative) of this standard. Class B methods shall
not be employed for newinstruments. Class B is moved to Annex E on the basis that| all
new instrument design§_will comply with either Class A or Class S. Class B may be relevant
for legacy instruments. that are still in use. Class B may be removed in the next editior] of
this standard.

NOTE 2 Class Bumeasurement methods will provide useful but not necessarily comparable information. Class
B was introduced’ in IEC 61000-4-30:2003 (edition 1) specifically to avoid making older instrument designs
obsolete. IEC.61000-4-30:2008 (edition 2) warned that Class B may be removed in a future edition of |this
standard( [E€ 61000-4-30:— (this edition 3) warns again that Class B may be removed in a future edition, fand
movesLCiass B to Informative Annex E.

NOTES

Clause—6- Users shall select the class that they require, based on their application(s). For
troubleshooting applications, depending on the type of problem either Class A or Class S
methods may be selected by the user.

NOTE4+ The instrument manufacturer should declare influence quantities which are not
expressly given and which may degrade performance of the instrument. Guidance-can-befound;
forexampleinlEC 8155712

[

NOTE2 An instrument may measure some or all of the parameters identified in this standard,
and preferably uses the same class for all parameters. For guidance, see IEC 62586-1 and
IEC 62586-2.
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NOTE3 The instrument manufacturer-should shall declare which parameters are measured,
which class is used for each parameter, the range of Uy, for which each class is fulfilled, and
all the necessary requirements and accessories (synchronization, probes, calibration period,
temperature ranges, etc.) to meet each class.

4.2 Organization of the measurements

The electrical quantity to be measured may be either directly accessible, as is generally the
case in low-voltage systems, or accessible via measurement transducers.

The&whote measurement chain 1s shown n Figure 1.

Measurement Measurement Evaluation
transducers unit unit
Electrical input Input signal to Measurement Measurement
signal be measured result evaluation

IEC

Figure 1 — Measurement chain

An|"instrument" may include the whole measurement chain (see Figure 1). In this standard, the
noimative part does not consider-the any possible /mé€asurement transducers external to the
insfrument and their associated uncertainty, but Clause-A-3 A.2 gives guidance.

4. Electrical values to be measured

Mejasurements can be performed on singlesphase or polyphase supply systems. Depending|on
the| context, it may be necessary to measure voltages between phase conductors and neutral
(linke-to-neutral) or between phase canductors (line-to-line) or between phase conductors| or
neytral and earth (phase-to-earth;neutral-to-earth). It is not the purpose of this standarq to
impose the choice of the electrical values to be measured. Moreover, except for fhe
mejasurement of voltage unbalance, which is intrinsically polyphase, the measurement methods
specified in this document,are such that independent results can be produced on each
mejasurement channel.

NOTE Phase-to-phase‘instantaneous values can be measured directly, or can be derived from instantangous
phape-to-neutral measured values or from phase-to-earth measured values.

Cufrent measurements-ean may be performed on each conductor of supply systems, including
the] neutral‘conductor and the protective earth conductor (see 5.13).

4.4 Measurement aggregation over time intervals

Thefollowing-measurementaggregations-apply:

— Class A

The basic measurement time interval for parameter magnitudes (supply voltage, harmonics,
interharmonics and unbalance) shall be a 10-cycle time interval for a 50 Hz power system
or a 12-cycle time interval for a 60 Hz power system.

The 10/12-cycle measurement shall be re-synchronized at every-RTC UTC (coordinated
universal time) 10-min tick. See Figure 2.
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4.5

4.51 Requirements

Ag
inp

NO
IEC

4.5

NOTE 1 The uncertainty of this measurement is included in the uncertainty measurement protocol of each
parameter.

The 10/12-cycle values are then aggregated over 3 additional intervals:
e 150/180-cycle interval (150 cycles for 50 Hz nominal or 180 cycles for 60 Hz nominal),
e 10-min interval,

e 2-hour interval for Py, flicker.

i i - A 2-hour aggregation interval is optional for all parameters, with the exceptioh of
flicker measurements which require a 2-hour aggregation interval for P,. This 2-hour aggregation intgrvah nay
possibly be useful in some applications, and may possibly be necessary for measuring compliance/With spme
national or international standards.

NOTE 3 Clauses B.1 and B.2 discuss some applications of these aggregation time intervals.

Class S

Same time intervals as Class A. The-10/12-cycle-measurement-shall-be-re-synchronizedlas
" o E ; £ A

Measurement aggregation algorithm

jregations shall be performed using the square_root of the arithmetic mean of the squafed
ut values.

fE  For flicker measurements, a -different aggregation algorithm is used (s$ee
61000 4-15).

.2 150/180-cycle aggregation
Class A

The data for the 150/180=cycle time interval shall be aggregated without gap from fiftgen
10/12-cycle time intervals.

The 150/180-cycle-time interval is resynchronized upon the UTC 10-min tick as showr in
Figure 2.

When a 10-min tick occurs, a new 150/180-cycle time interval begins, and the pending
150/180-¢ycle time interval also continues until it is completed. This may create an overap
between these two 150/180-cycle intervals (overlap 2 in Figure 2).

Class'S

The” data for the 150/180-cycle time interval shall be aggregated from 10/12-cycle time

infervals. Resynchronization with the UTC 10-min fick is permitied but not—required
mandatory. (See Figure 3)

Gaps are permitted but not—required mandatory for harmonics, interharmonics, mains
signalling voltage and unbalance. A minimum of three 10/12-cycle values shall be used
each 150/180-cycle time interval, i.e. at least one 10/12-cycle value shall be used each
50/60 cycles (see Figure 4). For all other parameters, the data for the 150/180-cycle time
interval shall be aggregated without gap from fifteen 10/12-cycle time intervals.

— Class B

4.5

T : I e hod of on.
3 10-min aggregation
Class A
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The 10 min aggregated value shall be tagged with the-abselute UTC time (for example,
01H10.00,000)—TFhe—time—tag—is—thetime at the conclusion of the 10-min aggregation

interval, rounded to the nearest second.

NOTE In some circumstances, it can be useful to use local time, which can differ from UTC by a fixed offset,
or an offset that can vary based on time of year. This type of time stamp often includes both a time and a date.
This type of time stamp can be referred to as “absolute time”.

The data for the 10-min time interval shall be aggregated-without-gaps from 10/12-cycle
time intervals.

Each 10-min interval shall begin on a-RTFS UTC 10-min tick. The 10-min tick is also used to

re eynhhrnni-lc the 10/1°2 r-yr\ln intervals and the 150/180 hyﬁlo intervals Sgce Izignrn 2

The final 10/12-cycle interval(s) in a 10-min aggregation period will typically overlap_in-time
with the-RTC UTC 10 min clock tick. Any overlapping 10/12-cycle interval (overlap 1 in
Figure 2) is included in the aggregation of the previous 10-min interval.

RTC
10 min tick
L)
10 niih interval (x + 1)
10 min interval (x) 0 A A A
A Y |
' |
' |
i J k ] |4 2 3
. |
[ ]
! 10/12 cycles ! 10/12 cycles ! 10/12 cvcles‘
l
1
l| 10/12 cycles | 10/12 cycles 10/12 cycles
[
11 12 13 : 14 i 1 15i 2 | 3
V !
150/180 cycle time interval/(n) . v v v

150/180 cycle time intervaI: (n+1)

T
Overlap 2 I
(150/180)

===

IEC 1594/0B
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UTC
10-min tick
e.g. 01:10.00,000

10-min interval (x + 1)

10-min interval (x) . A A
T '
|
' |
- $ I
i ] k . | 1 2 3
0 I
10/12 cycles 10/12 cycles | 10/12 cyc] :e
[ — Overlap 1
' ‘>I
oL
0 10/12 cycles | 10/12 cycles | 10M2 cycles
|
11 12 13 14 l 1 151 2 | 3
. 2 A 4 A 4 !
150/180-cycle time interval (n) v \ 4 v

150/180-cycle time intgrval (n + 1)
Overlap 2 >
(150/180)

Figure 2 — Synchronization of aggregation intervals for Class A

ceceqaqetona

IEC

— [Class S

The 10-min aggregation method used, for Class S shall be either the Class A method, or the
following simplified method:

The data for the 10-min.time interval shall be aggregated from 10/12-cycle time intervals.
There is no resynchrénization on the UTC 10-min tick. The 10-min intervals are ffee |
running.

The 10-min aggregated value shall be tagged with-the—abseolute-time—The-time-tag-is the ‘

time at the conclusion of the 10-min aggregation interval (e.g. 01h10.00,040).
There will beno overlap, as illustrated in Figure 3 and Figure 4.
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RTC
10 min tick
[
0 10 min interval (x + 1)
10 min interval (x) (] A A A

LJ

A 0 |

0 !

i J k 0 ! 1 2 3

. I

|
(]
10112 cycles 1012 cycles 10112 cycles :

'

L

10/12 cycles 10/12 cycles 10/12 cyeles
11 12 13 14 15 | 1
v \4 \4 v
150/180 cycle time interval (n)
150/180 cycle time
interval (n +1)
IEC 1595/08
uTC Timestamprof the 10min
10-min tick aggregation interval
e.g. 01:10:00,000 e.g: 01:10:00,040

10-min interval (x + 1)

/\A 10-min interval (x) Q A A A
x X

| 10/12 cycles | 10/12 cycles 10/12 cycles

1 10/12 cycles 10/12 cycles 10/12 cycles

|
11 12 13 14 15 b
X Y y 4 I

150/180-cycle time interval (n)

150/180-cycle time
interval (n + 1)

IEC

Figure 3 — Synchronization of aggregation intervals for Class S:
parameters for which gaps are not permitted


https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

- 23—

IEC 61000-4-30:2015 RLV © IEC 2015

(1 + u) [enssyur sl 81940 081/0G1

80/9664 03I (u) renssyur sl 81040 081/051

< dvO P sapho E " VO] Bt oo Z1L/0) s90Ao ZL/0) e dvO » oozl
| ()
|0
T ]
L8
[ |
I |
" 0
| ]
I ()
9 y A Y
) 4 0 (¥) reasayur uiw o
(1 + x) lersoul uiw QL u ,
()
g
o1 uw 0}
o1y



https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

- 24 - IEC 61000-4-30:2015 RLV © IEC 2015

UTC -Timestamp of the 10min
10-min tick aggregation interval
e.g. 01:10:00,000 e.g. 01:10:00,040

10-min interval (x + 1)

10-min interval (x)

A

10/12 10/12 = 10/12 0 10/12 2
'I GAP | cycles EC/ Pmg cycles | GAP y GAR

cycles I cycles

150/180-cycle time interval (n) b 4
150/180-cycle time interval’ (n + 1)

Figure 4 — Synchronization of aggregation intervals for Class S:
parameters for which gaps are-permitted (see 4.5.2)

—1Class B

T ¢ I if hod St on.
4.54 2-hour aggregation
— [Class A
The data for the 2-hour interval shall be aggregated from twelve 10-min intervals. The
2-hour interval shall be gapless and not overlapping. 2-h-intervals—commence—at-evpn-
numbered—2-h-RTC intervals:
— |[Class S
Same as Class A.
—fless =

T ‘ | £ hod of on.
4.60 Reaktimeclock(RTC) Time-clock uncertainty

RHE Aime-clock uncertainty is defined relative to coordinated universal time (UTC), which is
contmyously incrementing and available world-wide.

NOTE 1 The time clock may move forward or backward under certain circumstances, such as daylight savings
time, external synchronization updates, etc. When the clock moves forward in time, there may be gaps in the data.
When the clock moves backwards in time, data may overlap in time.

— Class A

The-RTC time-clock uncertainty shall not exceed +20 ms for 50 Hz or +£16,7 ms for 60 Hz,
regardless of the total time interval.

NOTE 2 This performance can be achieved, for example, through a synchronization procedure applied
periodically during a measurement campaign, through a GPS receiver, or through reception of transmitted radio
timing signals or by using network timing signals.
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When synchronization by an external signal becomes unavailable, the-RTC time tagging |
tolerance shall be better than £1 s per 24-h period; however, this exception does not
eliminate the requirement for compliance with the first part of this paragraph.

NOTE 3 This performance is necessary to ensure that two instruments using Class A methods produce the
same 10- m|nﬁand—2—h aggregatlon results when connected to the same S|gnal ms—pe#eitmanee%—a%e

— Class S

The-RTC time-clock uncertainty shall not exceed +5 s per 24-h period.

4.7 Flagging concept

Dufing a dip, swell, or interruption, the measurement algorithm for other parameters (for
example, frequency measurement) might produce an unreliable value. {The flagging concept
avagids counting a single event more than once in different parameters (for example, counting a
single dip as both a dip and a frequency variation), and indicates-that an aggregated vallue
might be unreliable.

Flalgging is only triggered by dips, swells, and interruptions. Ihe’ detection of dips and swell$ is
dependent on the threshold selected by the user, and this ‘selection will influence which data
arg "flagged".

The flagging concept is applicable for Class A and” Class S during measurement of poyer
frequency, voltage magnitude, flicker, supply Veltage unbalance, voltage harmonics, voltage
intgrharmonics, mains signalling and measurement of underdeviation and overdeviafion
pafameters.

If quring a given time interval any valuge' is flagged, the aggregated value which includes that
valpe shall also be flagged. The -flagged value shall be stored and also included in the
aggregation process. For example,if during a given time interval any value is flagged, then the
agiregated value that includes\this value shall also be flagged and stored.

NOFE The fla

=

o—mav—be
ag—hay——>b
detérmine the use f fam
cetgrRemeuse g

in-the data-

5
b
=
b
D
>
D
=

3
D
5
h
3 &

)

Tha factt +hg+ data h:\\ln been-fla

3
= CatahaVe-—oees

NOTE 1 Information‘about other types of flagging, or data marking, can be found in IEC 62586-1.

NOTE 2 The u§ercan decide how to evaluate flagged data.

5 | Power quality parameters

5.1 Power frequency

51.1 Measurement method
— Class A

The frequency reading shall be obtained every 10 s. As power frequency may not be exactly
50 Hz or 60 Hz within the 10-s time clock interval, the number of cycles may not be an
integer number. The fundamental frequency output is the ratio of the number of integral
cycles counted during the 10-s time clock interval, divided by the cumulative duration of the
integer cycles.

When a zero crossing method is used for frequency calculation, then, before the |
assessment, harmonics and interharmonics shall be attenuated to minimize the effects of
multiple zero crossings.
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The measurement time intervals shall be non-overlapping. Individual cycles that overlap the
10-s time clock are discarded. Each 10-s interval shall begin on an absolute 10-s time clock,
with uncertainty as defined in 4.6.

Other techniques that provide equivalent results, such as convolution, are acceptable.

NOTE For some applications, the use of time intervals shorter than 10 s may possibly be useful, such as
10/12 cycles (wind turbines), 1 s (national standards), etc.

— Class S

Same as Class A.

5.1|.2 Measurement uncertainty and measuring range
— |[Class A

Under the conditions described in Clause 6-1, the measurement ungertainty shall pot
exceed £10 mHz over the measuring ranges 42,5 Hz to 57,5 Hz / 51 Hz t0' 69 Hz.

— [Class S

Under the conditions described in Clause 6-4, the measurement uncertainty shall pot
exceed 50 mHz over the measuring ranges 42,5 Hz to 57,5 Hz / 51 Hz to 69 Hz.

—lClass B

e

5.1.3 Measurement evaluation
— |Class A
The frequency measurement shall be made on the reference channel.

NoTE The manufacturer—sheould shall specify the behaviour of frequency measuremgent
whenever the reference channel loses voltage.

— [Class S

Same as Class A.

5.1.4  Aggregation

Aggregation is‘not-required mandatory.

5.2 Magnitude of the supply voltage

5.2.1 Measurement method
— Class A

The measurement shall be the r.m.s. value of the voltage magnitude over a 10-cycle time
interval for a 50 Hz power system or a 12-cycle time interval for a 60 Hz power system.
Every 10/12-cycle interval shall be contiguous, and not overlapping with adjacent 10/12-
cycle intervals except as shown in overlap 1 in Figure 2.

NOTE 1 This specific measurement method is used for quasi-stationary signals and is not used for the
detection and measurement of disturbances: dips, swells, voltage interruptions and transients.

NOTE 2 The r.m.s. value includes, by definition, harmonics, interharmonics, mains signalling, etc.
— Class S
Same as Class A.
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5.2

.2 Measurement uncertainty and measuring range
Class A

Under the conditions described in Clause 64, the measurement uncertainty shall
exceed +0,1 % of Uy;,, over the range of 10 % to 150 % of Uy,

Class S

not

Under the conditions described in Clause 6-1, the measurement uncertainty shall
exceed £0,5 % of Uy;,,, over the range of 20 % to 120 % of Uy;,,

hot

5.2.3 Measurement evaluation
No|requirements.
5.214 Aggregation
Aggregation shall be performed according to 4.4 and 4.5.
5.3l Flicker
5.31 Measurement method
— |[Class A
IEC 61000-4-15 Class F3 appliesas the minimum requirement. Class F3 should not|be
used for new designs. Class F1 ig'fecommended, and may be required in the next edition of
this standard.
— |[Class S
IEC 61000-4-15 Class £3 applies as the minimum requirement.
—1Class B
Not-applicable:
NOFE—In1EC-61000-4-15,—measurements—are-defined-only-at-120-V-/-60-Hz-and-230-\V//-50-Hz-At-present{-an
oxtdnsion of thalDl it Al : _
5.3.2 Measurement uncertainty and measuring range
— [Class A
See IEC 61000-4-15. Under the conditions described in Clause 6-1, the measurement
uncertainty required by 61000-4-15 shall be met over the measuring range of 0,2 P
to10 Pg;.
— Class S
See IEC 61000-4-15. Under the conditions described in Clause 64, twice the permitted

measurement uncertainty required by 61000-4-15 shall be met over the measuring range of

0,4 Pgto 4 Pg.

— Class B

Not-applicable:
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.3 Measurement evaluation
Class A
IEC 61000-4-15 applies.

The 10-min time interval for P, shall commence on a—R¥C UTC 10-min tick, and shall
tagged with the-abselute time at the conclusion of the interval (see 4.5.3).

be

Voltage dips, swells, and interruptions shall cause Pg and Pj; output values (see

IEC 61000-4-15) to be flagged.
Class S

Same as Class A.
Class B
Not-applicable:

.4  Aggregation
Class A

Aggregation shall be performed according to IEC 61000-4-15. Fer Ry

Class S
Same as Class A.
 Class B

B

S.j Supply voltage dips and swells
1

Measurement method
Class A

The basic measurement U,

measurement channel (see 3.22),

The cycle duration for Urmdk) depends on the frequency. The frequency might
determined by the last non-flagged power frequency measurement (see 4.7 and 5.1), or
any other method that yields the uncertainty requirements of Clause 6-2.
NOTE 1 The U

rms (%) value includes, by definition, harmonics, interharmonics, mains signalling voltage, etc.

NOTE 2 It is impoftaht to avoid loss of data when dips and swells occur in a rapid sequence (for exam
hree events in orle sécond, with up to one minute between sequences, could possibly occur when a recl
pbperates into a sustained fault). If, during a rapid burst, the dip/swell event characteristics cannot be recor
hen a count.e@fevents could possibly be useful.

Class. S

of ayvoltage dip and swell shall be the Uy,g1,) on each

be
by

ple,
ser
ed,

rms(1) value includes, by definition, harmonics, interharmonics, mains signalling voltage, etc.

— Class B

Fhomemuiosinrorchallosoeintno manthed vond o LD o

5.4.2 Detection and evaluation of a voltage dip

5.4.2.1 Voltage dip detection

see Clause 3.22), or the Uyyg(q) ON each measurement channel

The basic measurement U5 of a voltage dip and swell shall be either the U, p1,) On egach
ni€asurement channel ( ﬂ

NOTE 3 The U,

The dip threshold is a percentage of either Uy, or the sliding voltage reference U, (see 5.4.4).
The user shall declare the reference voltage in use.
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NOTE The sliding voltage reference U, is generally not used in LV systems. See IEC TR 61000-2-8 for further
information and advice.

On single-phase systems a voltage dip begins when the U, voltage falls below the dip
threshold, and ends when the U, voltage is equal to or above the dip threshold plus the
hysteresis voltage.

On polyphase systems a dip begins when the U, voltage of one or more channels is
below the dip threshold and ends when the U, voltage on all measured channels is equal
to or above the dip threshold plus the hysteresis voltage.

The dip threshold and the hysteresis voltage are both set by the user according to the

appitcation.

5.4.2.2 Voltage dip evaluation

A oI'tage dip is characterized by a pair of data, either residual voltage (U,.¢)(or depth, and

dunation:

— |the residual voltage of a voltage dip is the lowest U, value measured on any channel
during the dip;

— |[the depth is the difference between the reference voltage (either Uy, or Ug) and fhe
residual voltage. It is generally expressed in percentage of the reference voltage.
NOTE 1 During the dip it may be useful to also record the lowest U, ., on each channel, in addition to|the
residual voltage of the dip. The duration spent below the dip threshold\eh each channel may also be useful.
NOTE 2 If voltage waveforms are recorded before, during,s,and’after a dip, useful information about pHase
angle changes may be available in the recorded data.

The start time of a dip shall be time stamped with.the time of the end of the U, of the channel

thatt initiated the event and the end time of the.dip shall be time stamped with the time of the

end of the U, ¢ that ended the event, as defined by the threshold plus the hysteresis.

The duration of a voltage dip is the timeidifference between the start time and the end timg of

thel voltage dip.

NOTE 3 For polyphase measurements, the dip duration-may can start on one channel and terminate on a diffefent

chahnel.

NOTE 4 Voltage dip envelopes™are not necessarily rectangular. As a consequence, for a given voltage dip,|the

megsured duration is depehdent on the selected dip threshold value. The shape of the envelope-may carl be

asspssed using several dip\thresholds set within the range of voltage dip and voltage interruption thresholds.

NOTE 5 Typically,the-hysteresis is equal to 2 % of Uy;p,.

NOTE 6 Dip thresholds are typically in the range 85 % to 90 % of the fixed voltage reference for troubleshooting or

staffstical applications.

NOTE 7 { Residual voltage is often useful to end-users, and-may can be preferred because it is referenced to zero

voltp. 0 eontrast, depth is often useful to electric suppliers, especially on HV systems or in cases when a sliding

refdrence \/nlfngo is used

NOTE 8 Phase shift-may can occur during voltage dips. See—A-7-5- A.5.5.

NOTE 9 When a threshold is crossed, a time stamp-may can be recorded.

5.4

5.4

.3 Detection and evaluation of a voltage swell

3.1 Voltage swell detection

The swell threshold is a percentage of either Uy;, or the sliding reference voltage Uy, (see

5.4

.4). The user shall declare the reference voltage in use.

NOTE Sliding reference voltage U, is generally not used in LV systems. See |IEC TR 61000-2-8 for further

info

rmation and advice.
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On single-phase systems a swell begins when the U, voltage rises above the swell
threshold, and ends when the U, voltage is equal to or below the swell threshold minus
the hysteresis voltage.

On polyphase systems a swell begins when the U, voltage of one or more channels is
above the swell threshold and ends when the U, voltage on all measured channels is
equal to or below the swell threshold minus the hysteresis voltage.

The swell threshold and the hysteresis voltage are both set by the user according to the
application.

5.4.3.2 Voltage swell evaluation

A

duration:

oltage swell is characterized by a pair of data: maximum swell voltage magnitdde and

the maximum swell magnitude voltage is the largest U, value measured‘on any channel
during the swell;

the start time of a swell shall be time stamped with the time of the end of the U, of the
channel that initiated the event and the end time of the swell shall bejthe time stamped with
the time of the end of the U, . that ended the event, as defined-by’the threshold minus fthe
hysteresis;

rms

the duration of a voltage swell is the time difference between the beginning and the end of
the swell.

NOTE 1 For polyphase measurements, the swell duration measurement—may can start on one channel Jand

tern

inate on a different channel.

NOTE 2 Voltage swell envelope may possibly not be rectangular. As a consequence, for a given swell,|the

medg

NOTE 3 Typically, the hysteresis is equal to 2 % of Ugi.
NOTE 4 Typically, the swell threshold is-equal-teior greater than 110 % of Ug;,.
NOTE 5 Phase shift-may can also occur during voltage swells.

NOTE 6 When a threshold is crossed, a-time stamp-may can be recorded.

5.4,

sured duration is dependent on the swell threshold value:

4 Calculation of a sliding reference voltage

The sliding reference veltage implementation is optional, not-required mandatory. If a sliding
reference is chosen for voltage dip or swell detection, this shall be calculated using a fifst-

order filter with a 1-min time constant. This filter is given by

Usr(n) = 0,9967 X Ugy(,—1) + 0,0033 X U(10/12)rms
where
Usdiy is the present value of the sliding reference voltage;
Usr(n-1) is the previous value of the sliding reference voltage; and

Uto/12)rms  is the most recent 10/12-cycle r.m.s. value.

Wh

en the measurement is started, the initial value of the sliding reference voltage is set to the

declared input voltage. The sliding reference voltage is updated every 10/12 cycles. If a 10/12-

cyc

le value is flagged, the sliding reference voltage is not updated and the previous value is

used.
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5.4.5 Measurement uncertainty and measuring range

5.4.5.1 Residual voltage and swell voltage magnitude measurement uncertainty
— Class A

The measurement uncertainty shall not exceed +0,2 % of Ug;,.
— Class S

The measurement uncertainty shall not exceed +1,0 % of Ug;,.

5.4.5.2 Duration measurement uncertainty
— [Class A

The uncertainty of a dip or swell duration is equal to the dip or swell.commencement
uncertainty (half a cycle) plus the dip or swell conclusion uncertainty (halfia’cycle).

— [Class S

If Urms(14) is used, then the uncertainty of a dip or swell duration_.is\equal to the dip or swell
commencement uncertainty (half a cycle) plus the dip or swell eonclusion uncertainty (half a
cycle). If Uyng(qy is used, then the uncertainty of a dip or swelluration is equal to the dig or
swell commencement uncertainty (one cycle) plus the dip_or swell conclusion uncertainty
(one cycle).

— |Class B
T ¢ I it . ity
5.4.5.3 Aggregation

Aggregation is not applicable for triggered events.

5.9 Voltage interruptions
5.5.1 Measurement method

The basic measurement of the-voltage shall be as defined in 5.4.1 for each class.

5.5.2 Evaluation of\a voltage interruption

The voltage interrgpfion threshold is a percentage of Uy;p,.

On|single-phiase systems, a voltage interruption begins when the U, voltage falls below the
volfage interruption threshold and ends when the U, value is equal to, or greater than, the
voltagerinterruption threshold plus the hysteresis.

On'potyptiase systems,; a vottage mterruption begmns when the U, vottages of attchanmetfs fall
below the voltage interruption threshold, and ends when the U, voltage on any one channel
is equal to, or greater than, the voltage interruption threshold plus the hysteresis.

The voltage interruption threshold and the hysteresis voltage are both set by the user
according to the application. The voltage interruption threshold shall not be set below the
uncertainty of the residual voltage measurement plus the value of the hysteresis. Typically, the
hysteresis is equal to 2 % of Uy;p,.

The start time of a voltage interruption shall be time stamped with the time of the end of the
U,ms Of the channel that initiated the event and the end time of the voltage interruption shall be
the time stamped with the time of the end of the U, ¢ that ended the event, as defined by the

threshold plus the hysteresis.
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The duration of a voltage interruption is the time difference between the beginning and the end
of the voltage interruption.

NOTE 1 The voltage interruption threshold can, for example, be set to 5 % or to 10 % of Ug;p-

| NOTE 2 |IEC 60050-161:1990, 161-08-20, considers an interruption to have occurred when the voltage magnitude
is less than 1 % of the nominal voltage. However, it is difficult to correctly measure voltages below 1 % of the

| nominal voltage. Therefore,—this—standardrecommends—that the user—set could consider setting an appropriate
voltage interruption threshold.

NOTE 3 The interruption of one or more phases on a polyphase system can be seen as an interruption of the
supply to single-phase customers connected to that system, even though this would not be classified as an
intefruption in a polyphase measurement.

5.5.3 Measurement uncertainty and measuring range

For duration measurement uncertainty, see 5.4.5.2.

5.59.4 Aggregation

Aggregation is not applicable for triggered events.

5.6 Transient voltages

@)
Q)

use-A-4 A.3 provides some informative information on the significant parameters necessfary
to [characterize transient voltages—and-—currents. Measurenieht of transient voltages can|be
usgful but is not mandatory.

5.7 Supply voltage unbalance
5.71 Measurement method
Unpalance measurements apply only to 3-phase systems.

— [Class A

The supply voltage unbalance-s evaluated using the method of symmetrical components.
In addition to the positive sequence component U4, under unbalanced conditions there glso
exists at least one of the following components: negative sequence component U, and/or
zero sequence component Uj,.

The fundamental component of the voltage input signal is measured over a 10-cycle time
interval for 50 Hz-power systems or a 12-cycle time interval for 60 Hz power systems.
NOTE 1 The effect of harmonics is minimized by the use of a filter or by using a DFT (Discrete Foyrier
Transform) algerithm.

NOTE 2\ Algorithms that use only the r.m.s. values to calculate unbalance fail to take into account|the
contributions of angular displacement to unbalance, and cause unpredictable results when harmonic voltgges

are present. The negative sequence unbalance and zero sequence unbalance provide more precise and njore
diréctly useful values.

| The negative sequence unbalance ratio u, expressed as a percentage is evaluated by:

= negative sequence < 100% (1)

1 positive sequence
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4 4 4
1-./3-6 U +U +U
v B X100 with /3 = 12 fund T Y23 fund T Y31 fund

Uy = (2)
1+,3-6 2 2 2
V \3-65 (U12fund +U23 fund +U31fund)2
The zero-sequence unbalance ratio u, expressed as a percentage is evaluated by
ug =-J0 1009 — 2Er0 Sequence 4449, 2)
Uy positive sequence

NOTE 3 The zero sequence unbalance by definition is zero when phase-to-phase voltages are measufed.
However, the phase-to-neutral or phase-to-earth voltages-may can still contain the zero sequence compongent
in that case.

NOTE 4 Any other methods that can be shown to be mathematically equivalent to Equation (1%\&nd Equdaftion
(2) are acceptable.

— [Class S

- The
manufacturer shall specify the algorithms and methods used id‘¢alculate the negafive
sequence ratio u,.The evaluation of the zero-sequence unbalapee’ratio u( is optional, pot
mandatory.

5.7.2 Measurement uncertainty and measuring range
— [Class A

The uncertainty shall be less than©0,15 % for both u, and u,. For example, an instrument
presented with a 1,0 % negative sequence shall provide a reading x such that 0,85 % K x
<1,15 % (see Figure 5).

Acceptable measured value

True value

0,85 % 1,15 %

3%

IEC

Figure 5 — Example of supply voltage unbalance uncertainty

— Class S

Same as class A; ity ich +0.39 L{and-forug if-it
is—evaluated).
— Class B
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3 Measurement evaluation

requirements.

NOTE The uncertainty of measurement transformers, if present, may have a large impact on the calculation of
unbalance.

5.7

.4  Aggregation

Ag

5.8

5.8,

jregation shall be performed according to 4.4 and 4.5.

Voltage harmonics

1 Measurement method
Class A

The basic measurement of voltage harmonics, for Class A, is defined in IEC 61000-4-7
Class |. IEC 61000-4-7 shall be used to determine a 10/12-cycle gapless harmdnic
subgroup measurement, denoted Ugy y, in IEC 61000-4-7.

NOTE 1 Other methods, including analogue and frequency domain methods,-may can be preferred in spqcial
cases (see, for example, IEC 61000-3-8).

Measurements shall be made at least up to the 50t order.

If the total harmonic distortion is calculated, then it shall be calculated as the subgroup to¢tal
harmonic distortion (THDSy ), defined in IEC.61000-4-7.

NOTE 2 This measurement method generatesra“arge amount of data, which, depending on the applicafion,
may need to be stored, transmitted, analysed,\and/or archived. Depending on the application, the amourt of
data may be reduced. To reduce the amoufittof data, consider applying statistical methods at the measufing
location, or storing only extreme and averdge values, or storing detailed data only when trigger thresholds|are
exceeded, or other methods.

NOTE 3 IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol ‘I’ for currents, and by the symbol ‘U’

for voltages. THDSU may be_th€preferred terminology for voltage THD. However, when searching the 61¢00-
4-7 document for informatiofi about these parameters, search for the symbol ‘Y".

Class S

The basic measurement of voltage harmonics, for Class S, is defined in IEC 61000-§4-7
Class Il. Gaps.are permitted (see 4.5). The manufacturer shall select either a 10/12-cycle
harmonic group designated Uy 1, in IEC 61000-4-7, or a 10/12-cycle subgroup measuremfnt
designated Usg.h in IEC 61000-4-7. The manufacturer shall specify which has bgen
selected-

Measurements shall be made at least up to the 40t order.

N th
NUTE 4 e EN oUTOU asSsesSImeEnt requires tne 40U~ Oracr.

If the total harmonic distortion is calculated, then it shall be calculated either as the total
harmonic distortion (THDy) |f47194; Yyn s selected, or as the subgroup total harmonic
distortion (THDSy) |f471594} sg.h is selected, both defined in IEC 61000-4-7.

NOTE 5 IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol ‘I’ for currents, by the symbol ‘U’ for
voltages, so U, or U ,, may be the preferred terminology. However, when searching the 61000-4-7 document
for information about these parameters, search for the symbol ‘Y.

— Class B

The-manufacturershall specify the measurement-method:
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5.8

.2 Measurement uncertainty and measuring range
Class A
The maximum uncertainty shall be the levels specified in IEC 61000-4-7 Class I.

The measuring range shall be 10 % to 200 % of Class 3-compatibility-level electromagnetic

environment in IEC 61000-2-4.
Class S

The maximum uncertainty shall be twice the levels specified in IEC 61000-4-7 Class Il. The
anti-aliasing low-pass filter specified in IEC 61000-4-7—5-3 shall be optional. The £0,03 %

5.8

No

5.8
Ag

NO
sou

5.9

5.9.

Illd}\;lllulll pcllll;bb;b:c CITUl fUI t;IIIU bctvvccn :D‘dd;lly cdycb n::quilculcllt ado Dpcbiﬁcb
IEC 61000-4-7-4-4-4 shall be optional, but the maximum uncertainty requirement shall
be met over the range of influence quantities specified in Clause 6 of this standard.

The measuring range shall be 10 % to 100 % of Class 3-compatibility-level electromagn
environment in IEC 61000-2-4.

3 Measurement evaluation

requirements.

.4 Aggregation

jregation shall be performed according to 4.4 and 45.

[E To minimize storage requirements, after aggregation has been completed it may be practical to discard
Fce data (such as 10/12-cycle or 150/180-cycle data),if #{N's no longer required.

Voltage interharmonics

1 Measurement method
Class A

The basic measurement of voltage interharmonics, for the purpose of this standard
defined in IEC 61000-4-7.Class |. IEC 61000-4-7 shall be used to determine a 10/12-cy
gapless centred intérharmonic subgroup measurement, denoted—U-FSg#} Yisg.h
IEC 61000-4-7.

NOTE_¢ . . . i ..
Measurements_shall be made at least up to the 50th order.

NOTE 1 This’measurement method generates a large amount of data, which, depending on the applicaf
may need to*be stored, transmitted, analysed, and/or archived. Depending on the application, the amour]
data may e reduced. To reduce the amount of data, consider applying statistical methods at the measu|
locationy or storing only extreme and average values, or storing detailed data only when trigger thresholds
exceéded, or other methods.

in
till

ptic

the

is
cle
in

ion,
t of
ing
are

NOTE 2 IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol ‘I’ for currents, by the symbol ‘U’

for

voltages, so U, , or Ug,, may be the preferred terminology. However, when searching the 61000-4-7

document for information about these parameters, search for the symbol ‘Y.

Class S
The manufacturer shall specify the measurement method.

— Class B

5.9

.2 Measurement uncertainty and measuring range

Class A
The maximum uncertainty shall be the levels specified in IEC 61000-4-7 Class I.
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The measuring range shall be 10 % to 200 % of Class 3-cempatibilitylevel electromagnetic

environment in IEC 61000-2-4.
Class S

The manufacturer shall specify the measurement uncertainty-and-measuringrange.

The measuring range shall be 10 % to 100 % of Class 3 electromagnetic environmen
IEC 61000-2-4.

5.9.3 Measurement Evaluation
No

5.9.4  Aggregation

Ag

NO

sou

5.1

5.1

Ma

sig

revenue meters, and other devices.

5.1

tin

requirements.

jregation shall be performed according to Clause 4.4 and Clause 4.5.

E To minimize storage requirements, after aggregation has been completed it(may be practical to discard
Fce data (such as 10/12-cycle or 150/180-cycle data) if it is no longer required.

0 Mains signalling voltage on the supply voltage
0.1 General

ins signalling voltage, called “ripple control signal’ in certain applications, is a burst
nals, often applied at a non-harmonic frequency; that remotely control industrial equipme

0.2 Measurement method
Class A

The method described here shall'b€’used for mains signalling frequencies below 3 kHz.
mains signalling frequencies above 3 kHz, see IEC 61000-3-8.

This method measures the\gvel of the signal voltage for a user-specified carrier frequen

NOTE The purpose of this(method is to measure the maximum level of the signal voltage, and not to diagn
mains signalling difficulties.

Mains signalling v0ltage measurement shall be based on:
— either the corsresponding 10/12-cycle r.m.s. value interharmonic bin; or

interharmonic bins (for example, a 316,67 Hz ripple control signal in a 50 Hz po
system shall be approximated by a root of the sum of the squares of 310 Hz, 315

interval).

the

of
nt,

For

ose

— the rootof the sum of the squares of the 4 nearest 10/12-cycle r.m.s. value

ver
Hz,

320 Hz and 325 Hz bins, available from the DFT performed on a 10/12-cycle time

The first method is preferred if the user-specified frequency is in the centre of a DFT bin.

The second method is preferred if the frequency is not in the centre of a bin.

The user shall select a detection threshold above 0,3 % Uy, as well as the length of the
recording period up to 120 s. The beginning of a signalling emission shall be detected when
the measured value of the concerned interharmonic exceeds the detection threshold. The

measured values are recorded during a period of time specified by the user, in order to g
the maximum level of the signal voltage.

Class S

The manufacturer shall specify the measurement technique.

— Class B

mmm%‘mwmmw i O

ive


https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

IEC 61000-4-30:2015 RLV © IEC 2015 - 37 -

5.1

0.3 Measurement uncertainty and measuring range
Class A
The measurement range shall be at least 0 % to 15 % of Ug;,.

For mains signalling voltage between 3 % and 15 % of Uy;,, the uncertainty shall not
exceed +5 % of the measured value. For mains signalling voltage between 1 % and 3 % of
Ugin» the uncertainty shall not exceed +0,15 % of Uy;,. For mains signalling voltage less
than 1 % of Uy;,, no uncertainty requirement is given.

Class S

5.1

The manutacturer shall Specily the uncertainty and the measuring range.
Class B

T ‘ hall it 4 . | . _
= lessurementevaluatieon

R RO et

0.4 Aggregation

jregation is not-required mandatory.

1 Rapid voltage changes (RVC)

vol

deflined in the method below.

Did
Ho
thr

5.1

1.1 General

RVC event is defined in 3.26 and_is“generally an abrupt transition between two r.nj.s.
ages. By definition, the two r.m.g;Woltages must be “steady state”, a condition tha{ is

s and swells often begin~or end with abrupt transitions between two r.m.s. voltages.
vever, by definition these~are not RVC events because they exceed the dip or swell
psholds. Further guidanee' is found in the method below.

1.2 RVC event detection
Class A

An r.m.s&Vvoltage is in a steady-state condition if all the immediately preceding 100/120
UrmsqigyYalues remain within an RVC threshold from the arithmetic mean of those 100/120
Urnfs(y12) Values. (“100/120" means 100 values for 50 Hz nominal, or 120 values for 60(Hz
néminal.)

The RVC threshold Is set by the user according to the application, as a percentage of Udin'

NOTE 1 Thresholds in the range of 1 % to 6 % might be considered. In IEC TR 61000-3-7, for example, RVC
thresholds of 2,5 % to 6 % of Uy for medium voltage are considered. In IEC 61000-3-3, RVC thresholds of
3,3 % to 6 % for low voltage are considered. In both standards, the thresholds are linked to the number of RVC

events per hour or per day. In I[EC 61000-4-15, a threshold of 0,2 % is considered for a similar, but not identical,

parameter.

The RVC hysteresis is set by the user according to the application, and shall be less than
the RVC threshold.

NOTE 2 Hysteresis in the range of 50 % of the RVC threshold might be considered.
To initiate the RVC detection method:

e Aninitial set of 100/120 U, ps(1/2) values is recorded.

rms(
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The arithmetic mean of those values is calculated, then the RVC detection method
below is applied.

To detect an RVC event (see Figures 6 and 7):

A ‘voltage-is-steady-state’ logic signal shall be created for each voltage channel. This
logic signal is true when the voltage on that channel is in steady state, and false
otherwise. This logic signal is determined from the Uyq(4/2) values of each voltage
channel, as follows. It is updated for each new U512 value.

Every time a new Ung1/2) Value is available, the arithmetic mean of the previous
100/120 U,mg(1/2) Values, including the new value, is calculated.

5.1(1.3

— [Class A C)

A\

If a voltage dip or voltage swell is detected Qﬁ?g an RVC event, including the disabjled
100/120 half cycles, then the RVC event i§iiscarded because the event is not an RVC
event. It is a voltage dip or voltage swell. b\

— |Class S \‘(\

The method for Class S is the sg@as the method for Class A, but in Class S the usqg of
either Uyms(1/2) OF Urms(1) Shall selected according to 5.4.1. If U,5(1) is selected [for
Class S RVC, then “100/1207, (which refers to half-cycles, shall be replaced throughout the
method with “50/60”, which\iéers to the equivalent number of full cycles.

An|RVC event is char@efized by four parameters: start time, duration, AU, and AUg,.

If every one of the previous 100/120 U,s(1/2) Values, including the new value, is@t'hin
the RVC threshold (including the hysteresis, it applied) of the arithmetic mean{égen the
‘voltage-is-steady-state’ logic signal for that channel is set to true; otherwise;, itds sef to
false. r\<’~>

On a polyphase system, the combined ‘voltage-is-steady-state’ Iog,ﬂ%ignal is the
logical-AND of the ‘voltage-is-steady-state’ logic signal of each volta%Q:hannel.

An RVC event begins when the ‘voltage-is-steady-state’ logic sig/rba‘T changes from tfue
to false.

When an RVC event begins, the RVC hysteresis is applie (b the RVC threshold, nd
changes to the voltage-is-steady-state logic signal are disﬁpled for 100/120 half cyclgs.

An RVC event ends when the ‘voltage-is-steady-st gic signal changes from fdlse
to true. When an RVC event ends, the RVC hystefesis is removed from the RVC
threshold. The time stamp of the end of the R Cévent is 100/120 half cycles priof to
the logic signal changing from false to true.

O
RVC event eval@n

-

Th@ime of an RVC event shall be time stamped with the time that the ‘voltagetis-

ste state’ logic signal became false and initiated the RVC event.

RVC event duration is 100/120 half cycles shorter than the length of time duifing
ich the ‘voltage-is-steady-state’ logic signal is false.

NOTE 1

The RVC event AU, Is the maximum absolute difference between any of the Urms(1/2)
values during the RVC event and the final arithmetic mean 100/120 Uyy,g(1/2) value just
prior to the RVC event. For polyphase systems, the AU, ,, is the largest AU, , on any
channel.

The RVC event AUg is the absolute difference between the final arithmetic mean
100/120 Uypg(1/2) value just prior to the RVC event and the first arithmetic mean
100/120 Upmg(1/2) value after the RVC event. For polyphase systems, the AUg is the
largest AUgg on any channel.

It can be useful to count the number of RVC events in a certain period. The period can be an hour based

on a fixed interval, or an hour based on a sliding interval comprising the most recent 60 minutes sliding once per
minute on the minute. The period can also be a “day” and based on calendar time or based on a sliding interval
comprising the most recent 24 hours, sliding once per hour on the hour.
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NOTE 2 Other characteristics to evaluate an RVC event are under consideration. For example, the AU__ could be

evaluated based on 10/12 cycle aggregated values.

NOTE 3 In some cases, this RVC measurement method may not fully characterize intricate variations between two
steady states. Recording the sequence of U, values on each channel may be useful for deeper analysis.

— Class S

The RVC event evaluation for Class S is the same as the method for Class A, but in Class
S the use of either Uypg(1/2) OF Upps(1) Shall be selected according to 5.4.1 . If Uypgqy is
selected for Class S RVC, then 100/120 half cycles shall be replaced throughout the event

evaluation with 50/60 full cycles.

“voltage is-steady-state” logic signal
LS 4 EEC 100/120 Upns(ry

| .

|
Changes in “voltage-is-steady-state” logic signal are disabled

>
| | 100/120 Urms(‘/z)
|

|
RV t tion je—l
RVC threshold C event duration RVC threshold
.................................. 7 With hysteresis appliedI

[

Voltage Urms

of the previous
100/120 Upms() values

= b o — o ¥ T ” a
i f O
Arithmetic mean l‘“ """""""""""""" ~

| Optwestod_ S
N\

xO
-

“voltage-is-steady-state” logic si?n}‘fts
A4

Figure 6 — RVC event: example of.\ ange in r.m.s voltage that results in an RVC event

EC

-

|
: |
Changes in “voltage-is-stéatiy»state” logic signal are disabled f |
1
|
|
|
|
|
|
|

14 Aa 5
Lhaid i A =

\\ Arithmetic mean

g i 7'(‘ NV _; A ‘eﬂ“u.u_ L - g N—v.nt
| La ot
of the previous 5 f
100/120 Urms() values I
“ Urms() Values
Dipthreshod __ __ _ __ _ _ _ _ T _________________
! | .
Time
IEC

Figure 7 — Not an RVC event: example of a change in r.m.s voltage that does not result in

an RVC event because the dip threshold is exceeded
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5.11.4 Measurement uncertainty

The uncertainty of an RVC event characterization is determined by the uncertainty of U

measurements as described in 5.4.5.1, and on the correct implementation of the method in
5.11.1 and 5.11.2.

~
i
|
|
A~
WT
>
N

NOTE  On-single-phase svystems-—there-is a-single ynderdeviation-assessment and overdeviation-a S entvilue
™ = R-SHRGIe-PAASE-SYSIEMS,here4Sa-SMGe-BREGFGeVIatoORNaSSeSSMERaRG-OVeraeVIatioRn—asses H=Y

for bach interval On 3 - nhase 3 ire sustams thera\Gre 3 values foreach-interval Either 6 values or 3 values gy
ror—pachiteral: A—o-pHaSe Fe-SYStemsS; u.u.\:‘. oVaHUEeSHoreachtHteha—ERRe o VaideS oS5 Vades Y

n
2

rms—under,i

Uunder = U [%] 6)
din
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5.1

Se

5.1
5.1
In

me
ma

Th

and an action, such as a motor being started, a transformer being energized or a capac

bei

Lin
carl

Th
buf
cha

NO

4 2
Z Urms—over,i
E= _Udin
n
Uover = V Ud' [%] A
in

4
Not required. Q/b‘
- -, S
2 Underdeviation and overdeviation (b\
e Annex D (informative). C)
\Z
3 Current Os\

3.1 General QQQ

a power quality context, current measur @ﬁts are useful as a supplement to volt
asurements, especially when trying to rmine the causes of events such as volt
gnitude change, dip, interruption, or u nce.

b current waveform can further h associate the recorded event with a particular de\

hg switched. b\
O
. Y . . . .
ked with voltage harm@s and interharmonics, the current harmonics and interharmor
be useful to charaSrjze the load connected to the network.

s standard dof’?t define any trigger or threshold methods for current. If current chang
the changetis™hot sufficient to trigger one of the voltage threshold methods, then f{
nge in cu@kis not a power quality event.

[E @vt transients are not considered in this standard. Some useful comments are provided in Annex A.

ge
ge

ice
tor

ics

es,
hat

5.1

S\i(/Magnitude of current

5.1

3.2.1 Measurement

The manufacturer shall specify a full-scale r.m.s. current, taking into account a minimum ratio
between peak instantaneous value and r.m.s. value of 3,0.

NOTE This ratio is sometimes called “crest factor”.

Class A

The basic measurement shall be the r.m.s. value of the current magnitude over a 10-cycle
time interval for a 50 Hz power system or a 12-cycle time interval for a 60 Hz power system.
The boundaries of any current measurement interval shall be determined by, and identical

to, the boundaries of the interval for the corresponding voltage channel.
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— Class S
The manufacturer shall specify the r.m.s. measurement method and time interval used.

NOTE More detailed requirements for Class S are under consideration.

5.13.2.2 Measurement uncertainty
— Class A

The measurement uncertainty shall not exceed +1 % of reading in the range of 10 % to
100 % of the specified full-scale r.m.s. current.

Guidance on sensors can be found in in IEC 61557-12:2007, Annex C or Annex D.

— |Class S Q‘

The measurement uncertainty shall not exceed +2 % of reading in the rar‘@of 10 Y to

NOTE This uncertainty requirement does not take into account uncertainties introduced by current sﬂsbrs.

100 % of the specified full-scale r.m.s. current. (1,

5.138.2.3 Measurement evaluation b‘fb
’

NOTE For single-phase systems, there is a single r.m.s. current value. For 3-p 3-wire systems, there|are
typifally three r.m.s. current values; for 3-phase 4-wire systems, there are typic ur current values. The efprth
curifent may be measured as well, either by measuring current in an earth co tor or by determining resigual
curfent.
— |Class A C)

Aggregation intervals as described in 4.4 and 4.5 shal ‘Q} used.

For each current channel, the current aggregatigw intervals shall be determined by, @nd
identical to, the aggregation intervals of the cor, onding voltage channel.

- [Class S §

The manufacturer or the user shall specifgfhe measurement intervals.
5.13.3 Current recording $\'\(\
— |Class A ‘\Q)

If current measurement me s are implemented, then whenever a voltage channej is
recorded, the correspondia.purrent channel shall also be recorded with timing determinped
by, and identical to, the €grfesponding voltage channel (for example, if Urpg(q/2) is recor{ed,
Iims(1/2) shall also b&)ecorded, with all timing aspects of the current measuremgnt

o,

determined by the@ing of the corresponding voltage channel).
— |Class S @)
The manufa r or the user shall specify when the current will be recorded.

5.13.4 Ha(§ﬁic currents

— |Cla

ﬁbasic measurement method and accuracy of current harmonics, for the purpose of Jhis
i i 4= i =tycle

gapless harmonic sub-group measurement, denoted Ysg.h

NOTE 1 |IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol | for currents, by the symbol ‘U’ for
voltages, so Isg’h may be the preferred terminology. However, when searching the 61000-4-7 document for

information about these parameters, search for the symbol ‘Y’. Aggregation intervals as described in 4.4 and
4.5 are used.

A 10/12-cycle current harmonic measurement is marked "flagged" if either a voltage dip or
voltage swell (see 5.4) or a voltage interruption (see 5.5) occurs during this time interval.

NOTE 2 This measurement method generates a large amount of data, which, depending on the application,
may need to be stored, transmitted, analysed, and/or archived. Depending on the application, the amount of
data may be reduced. To reduce the amount of data, consider applying statistical methods at the measuring
location, or storing only extreme and average values, or storing detailed data only when trigger thresholds are
exceeded, or other methods.
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— Class S
The manufacturer shall specify measurement and aggregation methods.

5.13.5 Interharmonic currents
— Class A

The basic measurement method and accuracy of current interharmonics, for the purpose of
this standard, are defined in 61000-4-7. Use that standard to determine a 10/12-cycle

gapless centred interharmonic sub-group measurements, denoted Y; Yisg,n-

Aggregation intervals as described in 4.4 and 4.5 shall be used.

interval.

may need to be stored, transmitted, analysed, and/or archived. Depending on the applic

location, or storing only extreme and average values, or storing detailed data only wh
exceeded, or other methods. b‘/

voltages, so Isg p may be the preferred terminology. However, when searc the 610
information about these parameters, search for the symbol ‘Y".

— |Class S
The manufacturer shall specify measurement and aggvsg&on methods.

— [Class A
The basic measurement method for % nt unbalance shall be
&

5.13.6 Current unbalance Q
QQ

measurement method for supply voltage alance in 5.7.

5.4), or a voltage interruption (se& .5) occurs during this time interval.
— |Class S \
The manufacturer shall %éﬂy measurement and aggregation methods.

-

6 . . e u-
Performan@@erification

NOTE 1 This measurement method generates a large amount of data, which, depending

NOTE 2 IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol | fc@nts, by the symbol ‘U]

Aggregation intervals as described h&4 and 4.5 shall be used. A 10/12-cycle currn
unbalance measurement is marke agged" if either a voltage dip or a voltage swell (§

the amour

gger thresholds

data may be reduced. To reduce the amount of data, consider applying statistical mw Bat the measufing

00-4-7 document

ogr}ﬁe applicafion,

A 10/12-cycle interharmonic current measurement is marked "flagged" if either a vqﬁellge
dip or a voltage swell (see 5.4), or a voltage interruption (see 5.5) occurs durmg@s tim

t of

are

for
for

identical to [fhe

ent
ee

5

P

3
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Tebled lefluence gquentiby ropes
Section and parameter Class Influence quantity range
A 42,5 Hz ~ 575 Hz 51 Hz ~ 689 Hz
8
S e ]
Frequency
B 42,5 Hz ~ 575 Hz 51 Hz ~ 689 Hz
A 10-%=200-%Y,
o2 S 10-% ~150-% U,
Maani ¢ din
L T0 % ~ 150 o Q
53 A 0~20P, aVv
) S 0=10-P,
Eheleer N>
B BLEA (\Q
A N/ZA %
54 O
S NA ‘\;D
B v
B N/A Q'
. A NA NS
=3
& R
5._1 A Ol,.., 3 Of ~ 0, A
Unbalance s X 0% ~5%u,
B X SBM
N
A &OO—%—ea‘—elass—\S—ef—l-EQ—@wag—Z—ét
o® s Q:\ B
Voltage-harmonics "\\(,\
B Q e
%]
200 % of class-3-of IEC61000-2-4
£ A\\\ i
Voltage Interharmonics |
dF e 200 % of clsss 3 of 1EC 6100024
O~ on sy,
,.‘ B 004 -~ 15 04 (lém
y A BLEA
& o s NA
<D B N/A
(D) A 6-k\V-peak
NS
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Lefluenes .
L Testing state 1 Testing state 2 Testing state 3
cntitdes
Frequency from +-0-5-Hz from— 1T Hz+-0.5Hz from+1Hz +-0.5Hz
Voltage-magnitude | Uy, ++% .. oY . . f ‘; .. oY . . f EE‘;
Ps=144 0,1 —rectangular Ps=4-4 0,1 —rectangular
=il Psi < 04 medﬂa%mn—%g—ehanges—pep medwa!%n—aH%—ehanges—peF

Pe
IEQ

Ta
of
cla

No

ble 1 provides an informa%h@j‘;ummary of the requirements for Class A and Class S. In case
any conflict between TQ)

Lises prevail. @ .

e that compliaﬁ&with the requirements in Table 1 is not sufficient for certification to this
standard. The @asurement and aggregation methods in this standard shall also be met.

NS

N

formance verification for Class%génd Class S measurement methods may be found in
c

62586-2, which includes iant@ quantities and performance verification tests.

e 1 and the normative clauses of this document, the normafive

O
3
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Table 1 — Summary of requirements (see subclauses for actual requirements)

Subclause . .
and Class Measurement Uncertainty Measurlang Inf!uence . Aggregation
method range quantity range method
parameter
42,5 Hz to 57,5
A See 5.1.1 +10 mHz Hz, IEC 62586-2 N/R
5.1 51 Hz to 69 Hz
Frequency 42,5 Hz to 57,5
S Saa E.1.1 NN ~aY :'Y‘.HZ HZ, lIEC gocap 2 N/D
51 Hz to 69 Hz A
-
0, 0,
5.2 A See 5.2.1 $0,1% Uy, | 0 P10 % | iEC 62586-2 Segqﬂ‘and .5
din N
Mpgnitude of o o N
the supply | s See521 | 405%of Uy, | 20 710120% | |EC 62586-2 (See 44 and 4.5
din ~°
0,2 P_ to 10,0 >
5.3 A IEC61000-4-15 | IEC 61000-4-15 | < "st : IEC 62@(2?-1 IEC 61000-4{15
st
i td
Flicker S | IEC61000-4-15 | See532 [04P to4,0P,| IEE62586-2 |IEC 61000-4{15
N4
Amplitude AS)
40,2 % U, (
A Ums(112) Suration Jin N/A O O NA N/R
5.4 cycle R%?.
. ¢
Dips and Amplitude +1 % Os\
swells of Ugin Q
S See 5.4.1 Duration + 1 Q N/A N/A N/R
cycle or £ 2 42
cycles
\\
Duration #
A U N/A N/A N/R
55 rms(1/2) C(C(I\ie
Interruptions Dusathon + 1
S see 5.5.1 N eor+2 N/A N/A N/R
\\\ cycles
Symmetricak'o 05%t05 % u
A componeqts: +0,15 % , . 2| |EC 62586-2 | See 4.4 and 4.5
57 v, 1’:90 0,5 % to 5 % u,
Pnbalance Svmetri
ymmetrical 1% to 5 %
mponents: 0 ol
s OF ., and +0,3 % 19%t0 5% uy if | |EC 62586-2 | See 4.4.and §.5
C) C2 implemented
“ optionally U,
-
N 10 % to 200 %
58 <2‘ A See 5.8.1 IEC(6;|1aOSOSOI-4-7 of Class 3 of IEC 62586-2 | See 4.4 and 4.5
8 O IEC 61000-2-4
t;/O't . 200 % of 10 % to 100 %
s See 5.8.1 IEC 61000-4-7 | of Class 3 of IEC 62586-2 | See 4.4 and 4.5
\ Class 1l IEC 61000-2-4
10 % to 200 %
59 A See 5.9.1 |Ecg|1aosc;0|-4-7 of Class 3 of | IEC 62586-2 | See 4.4 and 4.5
Voltage inter- IEC 61000-2-4
harmonics S SBM SBM SBM IEC 62586-2 | See 4.4 and 4.5
. 0, 0,
5.10 Mains A See 5.10.2 See 5.10.3 0% 2;0 15 % IEC 62586-2 N/R
signalling din
voltage S SBM SBM SBM IEC 62586-2 N/R
5.11 A See 5.11.2 See 5.11.3 See 5.11.3 N/A N/R
Rapid voltage | g See 5.11.2 See 5.11.3 See 5.11.3 N/A N/R

change
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Subclause Measurement Measurin Influence Aggregation
and Class Uncertainty a g . b ggreg
method range quantity range method
parameter
See 5.13.2. 10 % Fs
(<} to
5.13 A Crest factor of 3 1% 150 % FS N/A N/R
Current is required
S N/R N/R N/R N/A N/R
Annex C A See Annex C 1V £50 V pk N/A See Annex C
2kHz10150 | ¢ N/R N/R N/R N/A N/R
A\
. ¢ Q
Transient A N/R N/R N/R 6 kV pk &/
voltages
IEC 61180 S N/R N/R N/R N/R ,\<Q N/A
. N
Fabt transients | A N/R N/R N/R 4 kV pk f‘& N/A
o\ ¢
IE[61000-4-4 1 g N/R N/R N/R N/R o N/A
SBM = Specified by manufacturer Q
N/R = no requirement QQ
N/A = not applicable

2 |The instrument shall meet the uncertainty requirements for signals

The instrument shall tolerate signals in the influence quantity ra Q’h
parameters out of their uncertainty requirement, and without ins&
overrange for signals greater than the measuring range
transients and fast transients).

transients are applied to the measuring terminals, nat

e measurlng range.

¢ |For transient voltages and fast transients, there shall tg\ effect on any measurement after the transient. The
he instrument power terminals.

out shifting the measurement of other
ent damage. The instrument may indicpte
to the influence quantity range (not including

\‘S\
o
4\
xO
N

S
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Annex A
(informative)

Power quality measurements —
Issues and guidelines

A.1 General

Anpex A is provided as an informative complement to the normative part of this standard.

Clguses A.2 and A.3 address general concerns and procedures for implementatiof of poyer
quality measurements regardless of the purpose of the measurements:

— |Clause A.2 — Installation precautions
— |Clause A.3 — Transducers

Clduses A.4 and A.5 are pre-normative measurement methods:

— |Clause A.4 — Transient voltages and currents
— s eline s shnnooe

R L e

— |Clause A.5 — Voltage dip characteristics

A.2 Installation precautions

A.4.1 Installation General

Dufing installation of power quality (PRQ) measurement instruments, the safety of the instajler
and others, the integrity of the system being monitored and the integrity of the instrument itgelf
shait have to be ensured.

prdctices as for permanentinstallations, local codes-shall should never be compromised. Lqgcal
codes, regulations and.safety practices will cover most of the items below and will always take
prgcedence over thé precautions listed here. All local and national safety requirements shall be
follpwed (for example, personal protective equipment requirements).

WHile many installations are~temporary in nature and consequently may not utilize the sTe

A.4.2 Test leads

A.4.2.1 Testlead-connections General

Fo aafcty, f
measurement, control

fal ol H £l £fot H F £ ] F 1 H 4 f
Y, VWITIGTI HIVCO urc Dalcly rCyYumnrcIrincTrito TU1 crootirieal CUUIPTIIcTIt Or
a

nd laboratory use, applies.

Test lead connections made in load centre panel boards or junction boxes will be attached in a
manner that does not violate the listed use of the devices to which they are attached. This
generally includes returning doors, cover plates and access panels to their in-use position (i.e.,
closed, mounted with a full set of screws, etc.). If panels remain open during monitoring,
adequate means will be provided to limit access to the area and inform others about the
monitoring set-up and the responsible on-site contact.

It is for most cases recommended that the PQ measurement instrument be attached to a point
in the system specifically designed for measurements or metering.
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Test leads will be routed away from exposed conductors, sharp objects, low- and high-
frequency electromagnetic fields, and other adverse environments. If possible, they will be
strapped or tied to a solid object to prevent inadvertent disconnection.

A.2.2.2 Voltage test leads

Leads that are fused at the probe end, i.e. the end connected to the system being monitored,
increase the safety of the connection. The instrument manufacturer-shall has to specify the
fuse size; this will be low enough to protect the test lead against overload conditions.
Furthermore, the interrupting capacity of the fuse will be consistent with the available power-

ecautenevfault currant ot tha naint of cannaction
r
\l1\4' Tr P4 ot ac OrTo 1o LILELE I~ B~ 4 TITTOOTT L

Terortt

Voltage sense leads-shall should not be casually twisted around existing wires or inSerted in
cirguit- breaker connectors that are designed to receive a single conductor. Instead{-a prop¢rly
rated and installed mechanical connection should be used. Where clips are used-for temporary
installations, they-shall should comply with IEC 61010. It is essential to ensufre both that the
clig is rated for the maximum voltage that may be present and that ,ifis installed in a
mechanically secure manner. During installation, the installer will consider, what will happep if
the] clip is inadvertently dislodged, for example, by an abrupt tug on the cable.

Somne test leads have insulated plugs capable of being stacked“-one on top of the other.
Caption should be exercised so that when stacking, only intentional connections are made
rather than creating an inadvertent short circuit. Always double-check the leads to ensure that
shart circuits have not been introduced. Also, connect the sénse leads to the monitored cirguit
only after the leads have been connected to the PQ instrument and checked for correctness.

A.4.2.3 Current test leads
Cale should be taken that the secondaries af . gurrent transformers, if used, do not become

open circuit, i.e. there-shall should be no fuse in the secondaries of such circuits, and fthe
connection to the burden-shall should be miechanically secure.

Clgmp-on current transducers and_associated leads, used for temporary installations,—shall
shquld be designed according to IEC 61010-2-032.

A.3.3 Guarding of live parts

Ofﬂen panel covers are removed for installation, or during the monitoring period. If so, all live
paits will be adequately:protected and the area will be kept inaccessible. If screw terminals pre
used in the measurement instrument, appropriate covers will be used to insulate fhe
terninations. Alkattachments to terminations will be made in accordance with the specificatipns
and intent of the*terminations. For example, multiple wires-shall should not be connected tp a
screw terminal designed for a single wire.

A.3.4 Monitor placement

The PQ measurement instrument needs to be placed securely to minimize the risk of the
instrument moving or loosening connections. If a paper printer is used for reporting disturb-
ances, adequate precautions should be taken to ensure that accumulating paper does not
present a hazard. Measurement instruments will not be left where excessive heat, moisture or
dust may damage the instrument, or jeopardize the data collection process.

The measurement instrument will be placed so that it does not pose a hazard to those working
in the area. A protective enclosure or barrier can sometimes be used to alleviate this concern.
If possible, the measurement instrument will not be placed in a location where it will be
exposed to many people, for example, in a heavily travelled hallway.

Also, the location should not pose an undue hazard to the person installing the PQ
measurement instrument. There are many locations that are too cramped, or in other ways
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physically constrained, to allow suitable connection of instrument leads. In these situations, an
alternative location will be selected.

A number of external environmental factors can affect the performance of a PQ measurement
instrument. These environmental factors include temperature, humidity, low- and high-
frequency electromagnetic fields, static discharge, mechanical shock and vibration.

A.2.5 Earthing

All mstruments are capable of developmg mternal faults The mstruments power supply will be

trapsformers for the power supply of the instrument is in most cases-useful.
In @ll cases, safety considerations will take the highest priority,

A.4.6 Interference

If the PQ measurement instrument is connected to @ mobile phone or other radio transmitter,
on¢ should take care that the transmitter antenn@ is sufficiently far away from devices that

A.3 Transducers

A.3.1 General

Poyer quality measurement.instruments, especially those in portable packages, are generally
prgvided with inputs designed for low-voltage applications. Some permanently installed PQ
mefasurement instruments "are mounted at a distance from the point of the circuit where the
palameters are to be.measured. In both cases, a suitable transducer might be needed, to step
down the voltage, to/isolate the input circuits from the system voltage, or to transmit the signals
over some distance,) To accomplish any of these functions, a transducer may be used, proviged

In low voltage systems, PQ measurement instruments are generally connected directly to the
volfage(point of interest, but transducers are often used for current measurements.

In medium and high voltage sysiems, transducers are used for both voltage and current PQ
measurements.

There are two important concerns when using transducers:

— signal levels: signals levels should use the full scale of the instrument without distorting or
clipping the desired signal,

— frequency and phase response: these characteristics are particularly important for transient
and harmonic measurements.

In order to avoid incorrect measurements the full-scale rating, linearity, frequency and phase
response, and burden characteristics of the transducer should be carefully considered.
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NOTE Current transducers designed for protection purposes may be less accurate than metering transducers.
A.3.2 Signal levels
A.3.21 Voltage transducers

The most common voltage transducer is the voltage transformer. Two types of voltage trans-
formers can be considered: those used by protective relay circuits, and those used by metering
circuits. The first type is sized so as to provide a correct response even in the case of
overvoltages due to an unbalanced short circuit. The second, in contrast, is designed to protect
meters from network overvoltages. In the latter category, in case of saturation, distortion of the
delfvered Sighal WIIT OCCUr.

WHhere monitoring is attached to a voltage transformer which is also used for other functi&ns
(for example, metering), one-shall should be careful that the additional burden does)not affiect
thel calibration or uncertainty of such other functions.

Ong should be careful when making connections to the secondary circuit of aytransformer uged
for|a protective relay. Connection errors might cause the relay to inadvertently trip.

NOTE For further details of the uncertainty of voltage transformers, see IEC 60044=2"
A.3.2.2 Current transducers

Gujdance about effects of current transducers may be foupdnn IEC 61869.

In {he operation on the power system network, the valude of the current can range from 0 to the
shgrt-circuit level of the network being monitored{_ThHe short-circuit current value can be well
above the nominal current level. A value of 20 times nominal is not unusual.

The most common type of current transdueetis the current transformer.

Some current transformers are equipped with two or more cores and/or two secondary
wirldings: one for large current flows (20 times to 30 times the nominal current), typically|for
prdtection relays, and a secondxfer nominal current flows. The correct secondary should|be
selpcted for the intended measurement. With direct connections, it is possible to damage the
mejasuring instrument during-faults if the wrong secondary has been selected; this damage ¢an
inadvertently provide an, open circuit on the transformer secondary. Open circuits on the
segondary winding of _current transformers can give rise to dangerously high (and destructive)
volfages.

®

WHere(practical the user should take measures to ensure that the conductor is centraliged
thrpuglr the window of the current transducer and that the conductor is orthogonal to fhe
window. T e proximity of adjacentconductors shoutd—atso be considered—and—the distance
maximized if possible.

NOTE For further details of the uncertainty of current transformers, see—EC60044-1 |EC 61869-1 and
IEC 61869-2.

Measurements of transients can be performed with shunts or current transformers designed for
high-frequency response.

Coaxial shunts are routinely used in laboratory environments but have the disadvantage of
requiring insertion into the current-carrying conductors, and the fact that the output signal of
the shunt is not isolated from the power circuit. On the other hand, they are not susceptible to
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the saturation and residual magnetization that can affect measurements made with current
transformers.

Current transformers operating with a suitable resistive burden deliver a voltage signal
proportional to the primary current. In general, the primary consists of one or a few turns of the
primary circuit fed through an opening in the core. The major advantage of these current
transducers is to provide isolation from the power circuits, and a wide range of ampere-to-volt
ratios. Another advantage is that some (but not all) current transformers do not require the
disconnection of the power conductor from its load during installation.

Otmer types of current transducers are sometimes used, Including optical polarization deteciprs
and Hall-effect transducers.

A.3.3 Frequency response of transducers
A.1.31 Frequency and phase response of voltage transducers

In general, transformer-type electromagnetic voltage transducers have freguency and transient
responses suitable up to typically 1 kHz; but the frequency range maysometimes be limiteq to
well below 1 kHz, and sometimes may extend to a few kHz.

hupdreds of kHz or even higher; however, in many applications a resonant circuit| is
intgntionally added, making the frequency response of the“capacitive divider unsuitable [for
measurements at any frequency other than the fundamental.

Siriple capacitor dividers can have frequency and phase responses that are suitable up to

Resgistive voltage dividers may have frequency and phase response suitable up to hundredg of
kHz. However, they may introduce other problems, for example, the capacitive load of the
measurement instrument can influence the frequency and phase response of the resisiive
voltage dividers.

A.3.3.2 Frequency and phase response of current transducers

As|current transformers are wound electromagnetic devices, the frequency response vaiies
acgording to the uncertainty class, type (manufacturer), turns ratio, core material and crojss-
segtion, and the secondary circuit load.

Usually, the cut-off frequency of a current transducer ranges from 1 kHz to a few kHz, and the
phase response degrades as the cut-off frequency is approached.

NoFE New concepts of current transducers with higher cut-off frequency and better linearity jare
being developed' (optical and Hall-effect transducers). Insulation coordination, noise issues,
fulltscale capability, and safety conditions should be carefully considered.

A.3.4 Transducers for measuring transients

Thereare two important concerns that-shall should be addressed when selecting transduckers
for a.c. mains transients. First, signal levels should use the full scale of the instrument without
distorting or clipping the desired signal. Second, the frequency response (both amplitude and
phase) of the transducer should be adequate for the expected signal.

a) Voltage transducers (VTs)

1) VTs should be sized to prevent measured disturbances from inducing saturation. For
low-frequency transients, this requires that the knee point of the transducer saturation
curve be at least 200 % of the nominal system voltage.

2) The frequency response of a standard metering class VT depends on its type and the
burden applied. With a high impedance burden, the response is usually adequate to at
least 2 kHz, but it can be less.
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3) Capacitively coupled voltage transformers generally do not provide accurate
representation of any higher frequency components.

4) High-frequency transient measurements require a capacitor divider or pure resistive
divider. Special purpose capacitor dividers can be obtained for measurements requiring
accurate characterization of transients up to at least 1 MHz.

b) Current transducers (CTs)

1) Selecting the proper transducer for currents is more difficult. The current in a
distribution feeder changes more often and with greater magnitude than the voltage.

2) Standard metering-class CTs are generally adequate for frequencies up to 2 kHz (phase
error can start to become significant before this limit). For higher frequencies, window
type CTs with a high turns ratio (doughnut, split core, bar type, and clamp-on) shoutd[be
used.

3) Additional desirable attributes for CTs are: a large turns ratio, for example, 2 000:5; lgss
than 5 turns in the primary; small remnant flux, for example, 10 % of core saturatipn;
large core area; minimal secondary winding resistance and leakage inipédance. When
using a CT to measure transients there are 2 key parametersthat need to |be
considered, current-time product (/- max) and rise time/droop. Typical values of the Ilise
time (10 % to 90 %) are in the range of 2 ns to 200 ns. Typicaldroop values range from
0,1 %/us to 0,5 %/ms.

NoFE In HV systems high-frequency and transient voltage measurements may sometimes|be
pefformed using capacitive taps often available on CTs and transformer bushings.

A.4 Transient voltages and currents

A.4.1 General

Clguse A.4 is primarily focused on transients\@ccurring in LV systems and does not cojer
transients from GIS1 installations or HV systems.

Trgnsients can occur on all a.c. power systems. Traditionally, they have been characterized| as
"trgnsient voltages"; however, in many.cases, the transient current may be more important. The
defection, classification, and characterization of transient voltages are challenging subjects.

A.4.2 Terms and definitions

peftaining to or designating a phenomenon or a quantity which varies between two consecufive

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

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

A.4.3 Frequency and amplitude characteristics of a.c. mains transients

Transients in a.c. power circuits occur over a wide range of waveforms, amplitudes, and
duration. It is difficult to describe these by a simple set of parameters, but obtaining their

1 Gas-insulated switchgear.
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signatures allows them to be classified into a few typical waveforms that are used for test
purposes. Figure A.1 shows the frequency spectrum of several representative test waveforms
in general use. This information is useful in developing algorithms that will be necessary for
appropriate reduction of the analogue signals into the digital recordings and data processing of
these events.
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Figure A.1 — Frequency spectrum of typical representative transient test waveforms)

both voltage and current, the spectra of common test waveforms for a.c. mains transig
tain frequencies that range up to apptoximately 10 MHz (lasting for 200 us), with la

common test waveforms range up-t@’6 kV, and up to 5 kA.

e sampling rate—shall should™therefore be at least twice the maximum frequency of
veform; also, the correspondinig anti-alias filter-shal should have appropriate characterist
b also-A-2-4 A.3.4 for further information related to transient measurement.

4 Transient voltage detection

nts
rge

plitudes up to 1 MHz (lasting for 2 ms). For end-use a.c. mains connections, the amplitugles

the
CS.

the parameters selected by the user and reported by the instrument. When insulation is
in concern, transient measurements are generally made from phase-to-earth. W
rumentidamage is the primary concern, transient measurements are generally made fr

b results of atransient measurement depend both on the actual nature of the transient, Ind

he
en
om

Some of the detection methods and examples of application include

the comparative method: when a fixed, absolute threshold is exceeded, a transient is
detected, for example, surge protective devices (SPDs) that are sensitive to the total

voltage;

the envelope method: similar to the comparative method, but with the fundamental removed

prior to analysis, for example, in cases of capacitive coupled transients;

the sliding-window method: the instantaneous values are compared to the correspond
values on the previous cycle, for example, low-frequency switching transients associa
with capacitive banks used for power factor correction;

ing
ted

the dv/dt method: when a fixed, absolute threshold of dv/dt is exceeded, for example,

mistrigger of power electronics circuits or non-linear distribution on inductor winding;
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the r.m.s. value: using very rapid sampling, the r.m.s. value is computed for intervals much

less than one fundamental period, and compared to a threshold, for example, when furt
computations are desirable such as energy deposition in an SPD or charge transfer;

her

other methods such as frequency versus amplitude measurements (Discrete or Fast

Fourier Transform, wavelet, etc.).

A.4.5 Transient voltage evaluation

Once the transient has been detected using the methods above, it can be classified. Some

cla

All

ssification methods and parameters include

the peak voltage and/or current. Note that the peak value is also influenced hy
measurement interval;

the overshoot voltage;
the rate of rise (dv/dz or di/d¢) of the leading edge;
frequency parameters;

the duration. This is a difficult parameter to define, due to dampingj\ifregularity of wa
forms, etc.;

the damping coefficient;

the frequency of occurrence;

the energy and power, available or conveyed;

the continuous (every cycle, such as notches) or single~shot (unpredictable) transients.

thel transient environment in statistical terms.

On

representation several of these hard-to-quantify parameters.

A.4.6 Effect of surge protective devices on transient measurements

Su
thr
be
ele

Be

bshold voltage is exceeded-\Fhey are commonly used to limit transient voltages. They
found in plug-in mains-filtering devices, and are often included as part of a sensi
ctronic device, such as a“personal computer.

cause all SPDs.on a mains circuit are effectively connected in parallel, the one with

lowest limiting voltage will (within its performance capabilities) limit all transient voltages to|

lim
Co
etc|
tha

Fo

ting voltagesand divert the largest portion of the transient current impinging on the faci

It are present.

the

of these numerical parameters are helpful in dev€loping a classification system to descrjibe

the other hand, especially when trouble-shooting, a signature can describe in one graphic

ge protective devices (SPDs)’ are shunt-connected components that conduct whern a

ay
ive

the
its
ity.

nsequentlys measuring transient voltages in many environments — offices, labs, factories,
— is ofllimited use: one is simply measuring the threshold voltage of one of the many SHDs

this reason, the transient current IS often a betier measure ol the severity or a.c. sysiem

transients than the transient voltage.
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A.5 Voltage dip characteristics

A.5.1 General

Voltage dips are generally acknowledged to be a common power quality event.

The normative part of this standard characterizes voltage dips by two characteristics, depth (or
residual voltage), and duration. It derives these characteristics from one-cycle r.m.s. values
that are updated each half-cycle.

Ho(k/ever, voltage dips are rarely rectangular, i.e. the U, value often varies during the cliip,
and limiting the characteristics to depth and duration can obscure useful information, |for
example, voltage dips due to motor-starting or due to transformer energizing during which
thefre is a smooth transition between the dip and normal operation.

Ultimately, the greatest amount of information is available in waveforms recorded during fthe
volfage dip. But characteristics are a useful way of reducing data, interpreting and categorizing
events.

Multiple dips may occur, for example, during a failed attempt to auto-reclose and re-energizg a
faulty line section. Events that occur at approximately the same) time may be counted af a
sinpgle event.

Depending on the purpose of the measurement, other characteristics in addition to depth and
duration should be considered.

A.§.2 Rapidly updated r.m.s values

Dufing a voltage dip, it may be useful to calculate 1-cycle r.m.s values that are updated mpre
frequently than every half-cycle (as specified'in the normative part of standard). For example, it
maly be useful to update the 1-cycle r.ms. value 128 times each cycle. This approach allqws
more precise identification of the beginrning and end of the voltage dip, using simple threshdlds.
The drawbacks are increased data”and processing and introducing a possibly mislead|ing
sliging filter.

R.m.s. voltage values cofrrectly reflect the available power into a resistive load. Howeyer,
elegtronic loads are not directly sensitive to r.m.s. voltage, instead, they are generally sensifive
to yoltage near the peak of the waveform, and are insensitive to other parts of the wavefofm.
Aldorithms other thanr.m.s. may be useful to evaluate the effects of a voltage dip on electrdnic
loafds.

A.3.3 Phase angle/point-on-wave

For some applications, for example, electro-mechanical contactor drop-outs, the phase angle
at which a voltage dip begins is an important characteristic, which is sometimes called pojnt-
on-wave.

This phase angle can be determined by capturing the pre-dip and during-dip waveforms, then
examining them for the point at which the waveform deviates from the ideal by, for example,
10 %, then backing up along the waveform with a narrower threshold, for example, 5 %, to the
beginning of the dip. This algorithm is highly sensitive for finding the exact beginning of a
voltage dip, without triggering on minor non-dip variations.

A similar algorithm may be used to find the end of the dip. In addition to phase-angle
information, this approach also permits the dip duration to be calculated precisely, with a
resolution much finer than one cycle.
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Also, advanced signal-processing techniques are capable of detecting the exact beginning of a
voltage dip.

A.5.4 Voltage dip unbalance

Even very brief unbalance can damage 3-phase rectified loads, or cause over-current devices
to trip. Three-phase dips are often unbalanced. With the rapidly updated r.m.s values
described in A.5.2, it is often useful to calculate 3-phase unbalance during a dip. The
unbalance often varies during a dip, so the unbalance might be presented in a graphic form, or
the maximum unbalance during a dip might be presented.

It may be useful to analyse separately the zero sequence, negative sequence, and posi]ive
sequence of the fundamental frequency during an unbalanced dip. This approach wiglds
information about how the dip propagates through the network and can be~useful| in
undlerstanding simultaneous dips and swells on different phases.

A.8.5 Phase shift during voltage dip

In gome applications, for example, 3-phase rectifiers, the phase shift of.the voltage dip can|be
important. Such a phase shift may be measured by, for example, alDFT applied to the cycle
prior to the commencement of the dip, and another cycle after the eommencement of the dip. If
thig approach is taken throughout the dip, a maximum phase(shift during the dip may|be
calpulated. The phase shift at the conclusion of the dip'may also be useful. In some
ap;t:ications, for example, phase-locked-loop stability, it\‘emay be useful to calculate fthe
maximum slew rate (d®/d¢) of the phase angle during the dip.

The calculation of phase shift during a voltage dip may be combined with voltage dip unbaIaIce
by |calculating the magnitude and phase angle of zero-sequence, negative-sequence and
positive-sequence components during an unbalanced dip.

A.3.6 Missing voltage

This characteristic of a voltage dip may be calculated by subtracting the dip waveform from|an
idepl waveform, with amplitude,~phase, and frequency based on the pre-dip data. Tihis
characteristic can be useful far, analysing the effect of the dip on voltage restoration devices,
forlexample.

A.3.7 Distortion during voltage dip

The¢ voltage during—a dip is often distorted, and the distortion may be important |for
understanding the-effect of the dip on electronic devices. Traditional methods such as THD
maly be considered for describing this distortion, but THD compares the distortion to the
fundamentakwhich, by definition, is rapidly varying during a dip. For this reason, it may be mpre
useful to_evaluate distortion during a dip simply as the r.m.s. value of the non-fundamental
components.

The presence of even harmonics during or after the dip may point to transformer saturation.

A.5.8 Other characteristics and references

This list of voltage dip characteristics is not exhaustive. Other characteristics, not identified
here, may be useful for analysing the effects of voltage dips on various types of loads, control
devices, and correction devices. For further details and examples, the reader is encouraged to
refer to the following publications: IEC TR 61000-2-8 and IEEE 1159.
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Annex B
(informative)

Power quality measurement —
Guidance for applications

B.1 Contractual applications of power quality measurements

B.1.1 General

Clguse B.1 provides guidance on the measurement of power quality (PQ) for {eontracfual
pulposes; it highlights factors that should be considered by the concerned parties-

NOTE The description of voltage quality parameters is discussed below.

It is recommended that B.1.2 should be consulted prior to entering into,'a° PQ contract, wHilst
B.1.3 should be consulted prior to performing PQ measurements to(test compliance with the
cofntract terms.

B.1.2 General considerations

The terms specified in the contract will need to be both aghievable by one party and acceptaple
to the other. The starting point for a PQ contract should be a PQ standard or specificatipn.
Copsideration should be given to the planning{ and indicative values in the relevpnt
IEQ standards, for example, IEC 61000-2-2, IEG{61000-2-4, IEC 61000-2-12 and parts| of
IEC TR 61000-3-6 and IEC TR 61000-3-7, and. |EC TR 61000-3-13.

In prder to ensure that the results are representative of normal system operating conditions,
thel PQ measurement survey may discount but not discard data at times when the supply
network is subject to severe disturbange resulting from
— |exceptional weather conditions;

— |third-party interference;

— |acts by public authorities;

— |industrial action;

— |force majeure;

— |power shortages resulting from external events.

The contract)should specify whether flagged data, as described in the normative part (see 4.7)
in this standard, should be excluded from the analysis when assessing the results for contract
cojEpIiance. If flagged data are excluded, the measurement results will generally be mutuglly
independent for each parameter, and each parameter may be more easily compared directly to
a contractual value. If flagged data is included, the measurement results will generally be more
directly related to the effects of power quality on sensitive loads, but will be far more difficult or
even impossible to compare to any contractual values.

NOTE Flagged data indicate that a disturbance might have influenced the measurement and that consequently a
single disturbance might have affected multiple parameters.

When PQ measurements are considered necessary to assess compliance of the supply against
contract terms, it is the responsibility of the party that considers the measurements necessary
to arrange for them to be performed, if permanent monitoring is not already available. However,
this should not preclude the contract from detailing who should perform the measurements.
There might be a need to consult third parties.
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The contract should indicate how the financial cost of the measurements is to be borne by the
concerned parties. This can be dependent upon the measurement results.

The terms of this contract should specify the duration of the contract, the measurement time
interval, the PQ parameters to be measured and the electrical location of the measuring

ins

trument(s). See B.1.3 for examples of measurement time interval and PQ parameters.

The choice of the connection mode of the measuring device (i.e. phase-to-neutral or phase-to-
phase) should be coherent with the type of supply connection or should result from a common
decision between the concerned parties. It should be explicitly mentioned in the contract.

Th

ungertainty described in the normative part of this standard.

Th

paity failing to honour the terms of the contract.

p terms of the contract should specify the use of the measurement methods and the

e contract should specify the method for determining compensation, in the\event of ¢ne

Thé contract may contain provisions for the resolution of disputes regarding interpretation of
me@surements.
The contract will need to address the subject of data access and confidentiality, for example,

thel party carrying out the PQ measurements might not be the.same party that has to analyse

thel data and assess contract conformity.

B.1.3 Specific considerations

B.1.3.1 General

Po

ver quality (PQ) is assessed by a comparison between the results of measured PQ

pafameters, and the limits (contractual valties) given in a PQ contract. These limits are beygnd

the| scope of this standard.

In & contract, description of each PQ parameter may include: contractual value(s), time intefval

to

redarding “flagged” measurements.

Ma
we

number of weeks),

B.1.3.2 Rower frequency

Me

Ev

but other evaluation techniques might be agreed between the parties:

be considered, duration of the 'assessment time interval(s), and possibly special procedufes

ny PQ parameters (voltage, harmonics, flicker) can show variations between weekday and
bkends. For thesejithe assessment period should be for a week minimum (or an inteper

asurement interval: 1-week minimum assessment period.

) . . . bd.

the number, or per cent, of values during the measurement interval that exceed high or low
contractual values might be counted;

the worst-case values might be compared to high and/or low contractual values (the
measurement interval might be different for this possibility);

one or more 95 % (or other percentage) probability weekly values, expressed in hertz,
might be compared to high and/or low contractual values;

the number of consecutive values that exceed high and/or low contractual values might be
counted;
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the integration over the measurement interval, of values that deviate from nominal

frequency might be compared to contractual values.

B.1.3.3 Magnitude of the supply voltage

Me

asurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values should be considered. The following techniques are
suggested, but other evaluation techniques might be agreed between the parties:

the number, or per cent, of values during the measurement interval that exceed high or

ow

B.1

Me

contractual values might be counted,;

the worst-case values might be compared to high and/or low contractual valoes (
measurement interval might be different for this possibility);

one or more 95 % (or other percentage) probability weekly values, expressed(in volts, mi
be compared to high and/or low contractual values;

the number of consecutive values that exceed high and/or low contractual values might
counted.

3.4 Flicker

asurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values (Pg) and/or 2-h values (P,) might be considered. T

foll

pwing techniques are suggested for both values, but‘ether evaluation techniques might

agtleed between the parties:

B.1

Me|

values might be counted,;

99 % (or other percentage) probability weekly values for Pg, or 95 % (or other percenta
probability weekly values for Pj;, might be compared to contractual values.

.3.5 Voltage dips/swells

asurement interval: 1-year minimum assessment period.

the
ght

be

'he
be

the number, or per cent, of values during theemeasurement interval that exceed contracfual

ge)

Evaluation techniques: the-parties to the contract should agree on the declared input voltage

Ui

NO
MV

Th

h-

[E For LV customers, the declared voltage is usually equal to the nominal voltage of the supply system.
or HV customersy, the declared voltage-may can be different from the nominal voltage.

b partiestorthe contract should agree on

the(dip and swell detection thresholds;

For

timé aggregation techniques:

B.1

Me

location aggregation techniques if more than one location is measured;
reporting techniques such as residual voltage/duration tables,
any other evaluation techniques that might be relevant.

.3.6 Voltage interruptions

asurement interval: 1-year minimum assessment period.

Evaluation techniques: the parties might agree on a duration that defines the borderline
between "short" and "long" voltage interruptions. The count of the voltage interruptions, and the
total duration of the "long" voltage interruptions during the measurement interval, might be
considered. Other evaluation techniques might be agreed between the parties.
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Interruptions for which the customer is informed in advance (for example, minimum 24 h) could

be

counted separately from interruptions for which the customer is not informed in advance.

B.1.3.7 Supply voltage unbalance

Measurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values and/or 2-h values might be considered. The following
techniques are suggested for both values, but other evaluation techniques might be agreed
between the parties:

B.1.3.8 Harmonic voltages

Mejasurement interval: one-week minimum assessment period for 10-min values, and d
asgessment of 150/180-cycle values for at least 1 week.

Evaluation techniques: 150/180-cycle time interval and/ork10-min values might be consider

Co

to

techniques might be agreed between the parties;

B.1.3.9 Interharmonic voltages

Me
asy

Evaluationtechniques: 150/180-cycle time interval and/or 10-min values might be consider

Co
to
all

values might be counted,;

the worst-case values might be compared to contractual values (the measurement inter
might be different for this possibility, for example one year);

one or more 95 % (or other percentage) probability weekly values, expresséd in per ce
might be compared to contractual values.

ntractual values may be applied to individual harmonics, or range of harmonics, or ot

grdupings, for example, even and odd harmonics, agcording to agreement between the partilies

the contract. The following techniques are suggested for all values, but other evalua

values might be counted;

the worst-case values might be compared to contractual values (the measurement intef
might be different for this possibility, for example one year);

one or more 95 % (or other percentage) probability weekly values for 10-min values, ang

expressed in per cent, might be compared to contractual values.

asurement intérval: 1-week minimum assessment period for 10-min values, and d
essment of _150/180-cycle values for at least 1 week.

ntractual values may be applied to a range of interharmonics, or other groupings, accord
hgfeement between the parties to the contract. The following techniques are suggested

the number, or per cent, of values during the measurement interval that exceed contractlual

val

nt,

Rily

ed.
her

ion

the number, or per cent, of values duringithe measurement interval that exceed contracfual

val

lor

95 % (or other percentage) probability daily values for 150/180-cycle time interval values,

Rily

ed.
ing
for

alues but other evaluation fnr‘hniqnne mighf be ngrnnd between the par’rinc'

the number, or per cent, of values during the measurement interval that exceed contract
values might be counted;

the worst-case values might be compared to contractual values (the measurement inter
might be different for this possibility, for example one year);

ual

val

one or more 95 % (or other percentage) probability weekly values for 10-min values, and/or

95 % (or other percentage) probability daily values for 150/180-cycle time interval valu
expressed in per cent, might be compared to contractual values.

B.1.3.10 Mains signalling voltage on the supply voltage

Me

asurement interval: 1-week-day minimum assessment period.

es,
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Evaluation techniques: the following techniques are suggested for all values, but other
evaluation techniques might be agreed between the parties:

the number, or per cent, of values during the measurement interval that exceed contract
values might be counted;

ual

the worst-case values might be compared to contractual values (the measurement interval

might be different for this possibility, for example one week).

B.2 Statistical survey applications

2)

ex

~

(&

C

Th

Th
Spé

B.Z

A {

1 General

bse provide guidance for designing and performing statistical power quality’{Surv
luding permanent monitoring) in support of:

Consumer requirements, where the aim of such surveys is to provide the ieonsumer Vv
information on the power quality parameters seen by the consumer referenced agains
set of recognized power quality indices. These indices may relate to recdgnized standar
or a pre-defined set of requirements specified for a particular~installation or item
equipment (e.g. contracts or equipment specifications).

Network operator requirements for assessing existing levels. of distortion/disturbance
the network (e.g. in the assessment required for the connection of new loads).

ByY'S

ith
t a
ds,
of

on

orically, networks have been designed and operatedcdifferently in different countries and

Hidt
an} attempt to normalize the outputs of different national power quality surveys will

emely complex and open to misinterpretation.
use B.2 explains the aim of power quality statistics and gives some guidelines.

 first objective of these techniques is tocompress a large number of measured values.

be

p second objective is to computepower quality indices for benchmarking, either on ¢ne

cific point or for a whole network™in order to

verify the compliance with contractual agreement (see Clause B.1);
monitor the performance evolution of a network during long periods;

compare different networks during the same interval.
.2 Considerations

tatistical analysis-shall should be done with homogeneous values: same measurement ti

intgrval, same-measurement data, same network, etc.

Stg

tistics’computation is based on a classification of the measured values.

me

For each parameter, the user defines a "normal range" of variation and may choose to include
or not, flagged data (see 4.7), since this data by definition can be irrelevant.

The normal range of variation is then divided into several-classes bins of equal width.

NOTE The number of bins depends on the measured parameter, on the accuracy, on the commitment. A minimum

of 4

0 bins can be adequate for some applications; in other applications, 100 bins can be more useful.

The number of-classes bins determines the confidence interval.-Classes Bins remain constant
over a measurement period — 1-day, 1-week, 1-year, etc. — and are ordered from the lowest to

the

greatest-class bin value within the normal range of variation.
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The number of measured values within each-class bin is counted. These counts may be used
to determine cumulative curves, which in turn may be used to determine percentiles.

The statistics formula with the confidence level, for example 95 %, should be used to
determine the confidence interval. When the number of statistical values is small, one should
be careful about the confidence interval.

B.2.3 Power quality indices

B.2.3.1 Characterizing a single point on the network

Onia single measurement point may be characterized by two kinds of power quality_indi¢es
depending on the phenomena concerned:

— |statistical indices like percentiles, maximum or mean values over a period 'of-time (see
IEC TR 61000-3-6 for harmonics or IEC TR 61000-3-7 for flicker—ertEC64000-3-13Hfor
unbalance);

— |event counting and tabulating.

Examples of power quality indices are given for each parameter in B. 123~

B.2.3.2 Characterizing an entire network

An|entire network is a collection of single points classified\by type of network or customgrs.
Wagighting rules might be defined in order to get global~fesults. Weighting rules might agply
both to statistical indices and events.

B.2.4 Monitoring objectives

Power quality monitoring is necessary topcharacterize electromagnetic phenomena af a
patticular location on an electric power circuit.

The¢ objective may be as simple as‘verifying steady state voltage regulation at a ser\trlice
enﬂ\r;mce, or may be as complex as analysing the harmonic current flows within a distribufion
network.

G

[0

herally speaking power ‘quality monitoring is carried out for one of three reasons:

1) |PQ evaluation: Torevaluate the electrical environment at a particular location to refine
modelling techniques or to develop a power quality baseline.

2) | Planning the\connection of new equipment: To predict future performance of equipmen{ or
power quality mitigating devices that are planned to be connected within an installation| In
any event, the most important task in any monitoring project is to define clearly the
objectives of monitoring

Troubleshooting: To diagnose incompatib

ilities, if any, between the electric power soufce

The procedure for defining monitoring objectives will depend upon the reason for carrying out
the monitoring. From this will come the parameters to be measured, the duration of the
monitoring and the thresholds against which the parameters will be evaluated.

B.2.5 Economic aspects of power quality surveys

There are several elements that impact on the cost and overall economics of a measurement
campaign. These elements include:

e measurement equipment

e transducers
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installation, including connection access
labour

communications

data management (database, etc.)

data processing and analysis

survey duration

these elements, the measurement equipment cost itself is rarely the most expensive item.
. L . reations: . : lly
inate the measurement equipment costs by a significant margin. When the total life~cycle

B long term measurement campaign is considered, the communication and data’analysis
ts begin to dominate. It is wise therefore to choose instrumentation that is easy.to insfall,

$ many communication options, and provides the data in a form that simplifies the analysis

Kk (e.g. the data is available in a standardized format).

obvious multiplier of measurement campaign cost, is related to the duration of a survey.

essment. Factors that influence the selection of the duration of a measurement campal
ude:

customer type (e.g. residential, commercial, inddstrial)
reason for monitoring (see above)

variability of the load and time frame~over which that variability is expected to |be
experienced

Dr to installing a permanent power quality monitoring system, a business case should often
—to be developed. Typical business cases include both tangible and intangible benefjits.
ect, tangible benefits include;

identification by signdture analysis of failing equipment before total failure (e.g. fap
changers, capacitor,_ banks and their switches, transformers)
reduction of system restoration time (e.g. fault finding)
contract compliance

connectiah-requirements for new equipment

identifying problem feeders to help improve reliability indices

customer feedback to improve customer relations

The economics of a power quality measurement campaign can be improved by augmenting the
system with information gathered by other equipment not specifically designed for power
quality measurement. Sharing resources in this manner allows the cost of measurement to be
shared with the primary cost of the device: reclosers, capacitor switch controllers, etc.
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B.3 Locations and types of surveys

B.3.1 Monitoring locations

The choice of locations to install power quality monitors will be dependent upon the objective
the survey. If the monitoring objective is to diagnose an equipment performance problem th
the monitor should be placed as close to the load as possible. This applies to performan

of
en
ce

problems with both sensitive electronic loads such as computers and adjustable speed drives,

and electrical distribution equipment such as circuit breakers and capacitors. After the volta
fluctuations are detected, the monitor may be moved upstream on the circuit to determine t

£ bl als 4 1o
soyrce ortne arsturoance:

ge
he

Mohitoring location may also be determined by cost and convenience as long as it<deés pot

compromise the technical, regulatory, or legal objectives. For example, it is less) costly
mojnitor at low voltage than high voltage. Measuring in a substation is generally less expendi
than part way out on a feeder-er on a pole.

For compliance monitoring related to service contracts, a monitoring lo¢ation-shalt should
agtleed to by all parties to the contract in advance. This is typically(défined as the point

to
ve

be
of

common coupling (PCC) between the customer and the system where the PCC is defined [as:

the| point on a public power supply network, electrically nearest.-to.a particular load, at whi
othler loads are, or could be, connected.

B.3.2 Pre-monitoring site surveys

Pripr to conducting a measurement campaign, it is-recommended that information regardj
the| system environment be gathered to facilitate proper instrument placement, operation, &
analysis. Elements that are common to all surveys, include among others:

ch

ng
nd

e |electrical system data (single-line diagrams, transformer specifications, transformer

connection, short-circuit levels, capaciter bank size and location, branch circuit data, Iq
data, grounding, etc.),

ad

e |changes in installation topology.“over time (e.g. power factor capacitor status, loads,

transformers in/out of service, @tc.),

e |known disturbing loads, rating and operating regime.
B.3.3 Customer side. site survey

For surveys within agustomer’s installation, in addition to the information mentioned abovs
is pseful to gathér,information on any problems encountered, for example the nature
characteristics_of -sensitive equipment, the time stamp of any events that coincide witI
reduction in erformance. These events should be checked for coincidence with operati
within the ifstallation and on the network.

B.3.4 Network side survey

Surveys of the supply network itself require that network specific information be gather
including:

e network protection equipment and settings

, it
nd

a
ns

ed

— if the settings are changed for any reason during the course of a survey, it can impact

the statistics of voltage dips for example,
— this permits evaluation of alternative protection scenarios based on survey results;

e existence and characteristics of ripple control (or other relevant telecontrol via power li
carrier) that may impact measurements;

e load characteristics (e.g. industrial, commercial, residential or mixture);

e network operation protocol with regards to volt/var control — regulation.

ne
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B.4 Connections and quantities to measure

B.4.1 Equipment connection options

There are several decisions that need to be made related to connecting the measurement
equipment. These decisions include:

e single-phase versus three-phase measurement,

e line-to-line versus line-to-neutral or line-to-ground connection,

biak. P~ | ] =~ | + + £
L YTt SIUT VETOUO TUVW OolUT TITTAOSUTTITTTITTIU TICATl LrdiToTuTTiTT o,

These decisions will be heavily influenced by the reason for the survey. Sometimes connection
requirements may be specified inherently by a particular standard against which the survey is
being conducted. Whatever the case the connection should be made in a way thatlis-consistent
with the requirements or connection of the affected equipment — taking\.into account
transformer connection issues.

A general observation can be made that when measuring steady state'phenomena such|as
haimonics and flicker, single-phase measurements can often be made-instead of three-phase
measurements. This is possible because these phenomena are,often reasonably balancgd.
This assumption should be checked by performing a temporaty, three-phase measurement.
WHen voltage dips and swells are the primary reason for monitoring, it is necessary to monjtor
all phases powering the affected equipment.

WHen general surveys are being performed with a three-phase connection and/or there pre
seVeral voltage transformations downstream fronmi\ the monitored location, connecting the
mejasurement equipment from line-to-neutral on.grounded systems is recommended becalise
the line-to-line values can often be derived eitherin the instrument or off-line.

WHere this is not the case, the connection mode of the monitoring instrument should|be
chgsen taking into account both the connection mode of the potentially affected equipment and
the| successive voltage transformations’downstream.

B.4.2 Priorities: Quantities to measure

The quantities to measune ,will generally be defined by the monitoring objectives, relevant
compliance standards, and other factors. For general surveys it will be necessary, in order to
conserve memory space; to identify a priority order for the quantities to monitor. For example¢:

1) |power parameters (V, I, P, Q, S, DPF, TPF, etc. — these are not generally considered to|be
power quality\parameters)

2) | voltagesdips/swells

3) | harmaonic voltage

4) | Rafmonic current

5) unbalance

6) transients (e.g. capacitor switching — low frequency)
7) flicker

8) interharmonic voltages and currents

9) mains signaling

NOTE DPF is the displacement power factor, or the cosine of the angle between the fundamental voltage and the
fundamental current. TPF is the true power factor, or the ratio between—watts active power and—velt-amperes
apparent power.

This ordering is an example; the actual prioritization depends on the overall goals and
objectives of a particular measurement campaign.
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Once the priority is established and an instrument chosen based on those priorities, it is
recommended that as much information as the instrument can provide be utilized. It is
generally easier to discard data after a survey rather than to derive it when a quantity is desired
later that was not directly measured. Generally the only issues affecting this decision are
instrument storage capabilities and communication time/cost impacts.

B.4.3 Current monitoring

In general, customers are responsible for the current that their equipment draws from or injects
into the system and the supplier is responsible for the supply voltage. This fact can be used as

th hasic far decidinawhaen to maacura currantc
DS S—+o—a86HaH g W e R—toHeaStH-e-GHH e HtS-

The measurement of current is important for the concept of emission assessment howeveér fthe
crifical point is to accurately determine the phase angle; this becomes increasingly" diffigult

whgen trymg to measure harmonlc currents Ihe—measu%emeni—ef—the—magm%uées—ef—the

Th¢ measurement of current can be invaluable in detefmining the sources/cause of poyer
quality events, since it can help to determine if the cause of the event is upstream| or
downstream of the measuring instrument. This is pafticularly true for voltage dips.

B.% Selecting the monitoring thresholds and monitoring period

B.§5.1 Monitoring thresholds

Mohitoring thresholds may be determined by the power quality indices against which the resllts
arg to be compared, or may be determined by the load requirements. Once again, the reas¢ns
for|performing the power quality-survey-shal should be consulted.

The difference between thresholds used for disturbance capture, versus thresholds used |for
evégnt characterization,.counting, and analysis, should be considered.

As|a general recommendation, thresholds should be as tight as feasible (while avoiding
continuous triggering). Wider thresholds can be effectively implemented subsequently [on
captured data; but data that was missed due to loose thresholds can never be recaptured.

Thieshelds on sliding references should be used when measuring at an unregulated portion of
the| network. For example, monitors deployed on distribution feeders with load tap changerq or
capacitor bank based voltage regulation may be able to use fixed thresholds. Transmission
systems or other portions of the network that are not directly regulated with regards to voltage
should use the sliding reference method.

NOTE Thresholds are used for detecting events, e.g. dips, swells, RVC, etc. However, for statistical analysis of
quasi-steady-state parameters such as harmonics, unbalance, and flicker, continuous recording without thresholds
is needed.

B.5.2 Monitoring period

The monitoring period will be determined by the reasons for performing the power quality
survey. For example, if the results are to be compared against power quality indices, there may
be guidance in those indices regarding the monitoring period.
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It is often useful to compare power quality measurements over time, for example comparing
one year to the previous year. If this type of comparison is useful, the monitoring period may be
permanent.

Some standards may specify minimum measurement periods. In any case, event
measurements such as voltage dips and swells generally require longer measurement periods
in order to capture enough events to provide meaningful statistics (months). Rarer events such
as interruptions may require even longer periods; in contrast, for harmonics and other steady
state measurements, meaningful information may be captured in relatively short periods of time
(minimum of one week).

For compliance monitoring, the monitoring period should already be specified in the releviant
standard. For practical reasons, one may need to interpret the standard — e.g. do yod’need to
mejasure for one year for EN 50160 compliance? Does it need to be continuous?

B.6¢ Statistical analysis of the measured data

B.§.1 General

A duitable statistical analysis method-shall should be chosen for the’ data. Different statistjcal
methods may be selected, depending on the power quality ‘parameter and measuremgent
objectives, but the methods can be roughly divided into:

¢ |methods that count the number of events that exceed, some threshold, and

e |methods that summarize large numbers of quasi-steady-state measurements into a single
number, or a few numbers.

For the latter methods, various possible numbers*may be chosen as the most useful summjary
valpe: maximum value, 99 % value, 95 % value, average value, minimum value, etc. In many
references, the 95 % probability value hasbeen found to be useful.

Data from multiple sites may be analysed statistically to assess network performance.

B.§.2 Indices

Pripr to carrying out a measurement campaign it is necessary to understand the indices against
which the results of the.campaign will be compared. This information will help to determine the
duration of the campaign, trigger thresholds and statistical analysis of the results. In the
abgence of a recognized standard it will be necessary to devise a specific set of indices |for
ea¢h measurement-campaign.

There has(begen much work done by various professional bodies around the world on the
subpject .of*power quality indices. Some of the more well known of these are listed in the
bibjiography.

B.7 Trouble-shooting applications

B.7.1 General

Power-quality-related trouble-shooting is generally performed in response to operational
incidents or problems. Consequently, it is often desirable to produce results as quickly as
possible, rather than producing data of archival or contractual value. Nevertheless, this need
for fast diagnosis should not lead to premature or unfounded conclusions.

Typically, raw unaggregated samples are most useful for trouble-shooting, as they permit any
type of post-processing that may be desired, for example, signatures, wavelets, etc. However,
to minimize the amount of data to be stored and reviewed, for trouble-shooting, it is useful for
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the instrument to record and present only data that were recorded just prior to, during, and
after an event such as a voltage dip or transient.

B.7.2 Power quality signatures

Signatures are graphic presentations of power quality events, often accompanied by a short
table of numeric characteristics.

The most common form is a time-domain plot of voltage and current. Other forms, such as
histogram displays of harmonics, cumulative probability distributions, etc. may also be useful.
Cowmmmmmm
defermines the best time-scale for presenting a power quality event based on the event's

characteristics and duration.

It i$ generally agreed that useful signatures show the signal before, during, and_ after the poyer
quality event (pre-trigger system). Typically, one-fourth of the graph is allocated to the signal
just prior to the event.

Theése power quality signatures are useful for trouble-shooting problems throughout electrical
networks, including customers’ installations. Typically, they are used\to identify and locate the
soyrce of a power quality event and to select an appropriate solution.

An|expert might use the signature of a voltage dip, for example, to determine that the causg¢ is
a large motor starting downstream from the monitoring location, and to select an approprigte
solption. Although this example deals with voltage dips, widely available reference books [set
oufl the typical signatures for hundreds of different‘power quality events: switching of poyer
facfor correction capacitor, lightning strikes, utility’ and customer faults, loose wiring, arding
contacts, radio transmission interference, electranic loads that share circuits with motors, et¢.

Although many experts can identify common-power quality events from their voltage signatufes
alone, having current signatures as well greatly increases the range and precision| of
stafements that can be made about. @>power quality event. Moreover, current signatures ¢an
asgist in identifying the direction of the' cause of a disturbance.
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Annex C
(informative)

Conducted emissions in the 2 kHz to 150 kHz range

C.1 General

The purpose of Annex C is to consider measurement methods that could provide an overview,

in ‘LW%$MMWG-
The¢se emissions are presumed to be quasi-steady-state levels, although they may& ve

amplitude modulation. It is emphasized that the purpose of Annex C is to describeQ‘l@rv ew
mefasurement methods, as opposed to precision measurement methods.
&
be found

Bagkground information on emissions and sensitivity in this frequency range
IEG 61000-4-19:2014, Annex A. Q-
o
The¢ understanding of measurement methods in this frequency range iﬁh evolving, so Anfpex
C gnly provides general guidance. QQ
N

For applications where highly detailed measurements are r, g?red, such as type tests |for
emlfissions measurements or compliance measurements, HQ/ easurement methods found in
IEG 61000-4-7 and/or CISPR 16 should be considered. g\\

o)

NOTE 1 Useful information about measurement in the 2 kH 150 kHz range can be found in IEC 6100p
7:2002, Annex B (2 kHz to 9 kHz), and in CISPR 16 (9 kHz to, Hz).

4-

NOTE 2 Immunity test methods for 2 kHz to 150 kHz e{@bns can be found in IEC 61000-4-19.

NOTE 3 The measurement methods for 2 kHz t Hz in IEC 61000-4-7 are informative, not normative. [The
megdsurement method for this frequency range in 16 focuses on emissions from equipment under test (EYT),
and|does not directly address power quality investigations and surveys. In CISPR 16, the in-situ measurements|are
conpidered in terms of an EUT. .\Q)

NOTE 4 This frequency range is a r, @ively new consideration in a power quality context, so there may| be
diff¢rences between standards. For a%vple, IEC 61000-4-7 considers phase-to-neutral voltages, while CISPH 16
conpiders phase-to-earth voltages. nex C does not select a physical connection method for measurenpjent
chapnels.) For example, the me ment methods of CISPR 16 may not accurately record the characteristicp of
sonje immunity test waveforms EC 61000-4-19, due to the rapid modulation of those test waveforms. These|are
examples; other difference&w‘tween standards may be found.

NOTE 5 Information l@t emission magnitudes in the 2 kHz to 9 kHz band can be found in IEC 61000-2-4:2002,
Clapse C.3, where, for example, on systems with Ugin= 230 V, “few troubles were reported on networks havjng”
emipsions in the p@e 0,46 V to 3,45 V. For the same 2 kHz to 9 kHz band, IEC 61000-2-2:2002, B.2.3, sugges|s a
refgrence level y 200 Hz bandwidth of 0,69 V.

Users ofégstandard should be aware that the contents of Annex C may become normativg in

a flutu<§9 ition.

Measurements in this frequency range may be strongly affected by transducers, if present.
Guidance about effects of transducers may be found in IEC TR 61869-103.

C.2 Measurement method — 2 kHz to 9 kHz

The measurement method for 2 kHz to 9 kHz, including requirements for Class A and Class S,
is under consideration. The measurement methods of |EC 61000-4-7:2002, Annex B
(informative) could be considered.
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C.3 Measurement method — 9 kHz to 150 kHz

The measurement method for 9 kHz to 150 kHz, including requirements for Class A and Class
S, is under consideration.

One method under consideration is the method of CISPR 16-1-2. CISPR 16-1-2 emphasizes
immunity and emission measurements for equipment under test (EUT), and may not be
optimized for in-situ power quality measurements. For the purpose of in-situ power quality
investigations and surveys, the measurement methods in CISPR 16 may be complex or
expensive to implement, due to their gapless measurements and accuracy requirements. The
mejasurement methods of CISPR 16 may provide a large amount of data in an in-situ g&ver
quality context. However, the amount of data for in-situ measurements specified by CI§/ 16
maly be required for coordination with levels defined by various IEC standards.

A decond method under consideration is to extend the method of IEC 61000-4- }1;@02 Annek B,
from the present 9 kHz limit up to a 150 kHz limit.

A third method under consideration is the method described in the NOT%elow This methpd,
although less complete and less accurate than CISPR 16-1- 2®y possibly be mpre
appropriate for in-situ power quality applications, and may be less sive to implement, gnd
maly avoid providing an overwhelming amount of data. Howeve%j may not provide sufficient
dafla for coordination with levels defined by various IEC@ ards. Also, due to intervals

befween the measurements, it is not an appropriate od for measuring amplitufe-
modulated signals that vary with a period less than twicethe interval between measurements.
Alslo, if 2 kHz segment widths are selected for this m durement method, it may be difficulf to
differentiate phenomena within the same frequency gﬂent.

@)

—

her methods may be considered during devel\@nent of future editions of this standard.

NOTE The third measurement method under cq@?eration for the frequency range 9 kHz to 150 kHz is|the

follgwing: $

The| frequency range of 9 kHz to 150 kHz c&be divided into equal-width segments. The segment width coulq be
an ipteger multiple of 200 Hz, preferably 250 200 Hz or 2 kHz. For the purposes of this measurement method, |it is
accgptable to process a frequency range-beyond 9 kHz to 150 kHz, for example processing the range 8 kHg to
150|kHz if a 2 kHz segment width |s sQected

Thel minimum, average, and m m magnitude of the r.m.s. voltage in each frequency segment in the 9 kHE to
150] kHz range could be recorde durlng each 10/12-cycle interval. In addition, the single maximum value in |any
segment, on any channel, d'be recorded.

The following examp, sign demonstrates the intent of the measurement method, measurement range, fand
megsurement un I

ceRrta
a) | The 9 kHz %0 kHz measurements could be made on each channel through cascaded high pass and|low
pass filt he high pass filter could have 2 poles, with a 3 dB point at 1,5 kHz or higher. The low pass fflter
could @4 poles, with the 3 dB point at 200 kHz. The measurement range after the filters could be at I¢ast
150@ stantaneous, with a resolution of 12 bits or more.

b) %z to 150 kHz measurements could be taken at the output of the cascaded filters at equaIIy spaced {ime

1 bthaot 29 + Al 4 1ol b _10/49 1 i L_C S
He Y arS—Ste—thatT—=o= u,z,u\u\unuu.ny \J\1uu||y SPateaTreasSurememSarewarke i et at—ror ¢ty eretHtervar—orOSS-

channel synchronization is not necessary. Each measurement could consist of 512 samples taken at a
sampling rate of 1,024 MHz.

c) For 9 kHz to 150 kHz, the 512 samples could be processed with a Discrete Fourier Transform or equivalent,
yielding 256 bins spaced at 2 kHz. The lowest 4 bins and the upper 181 bins could be discarded. The
magnitudes of the remaining 71 bins contain the emissions from 8 kHz to 150 kHz. These emissions could be
reported as an r.m.s. value.

d) For 9 kHz to 150 kHz, at each 10/12-cycle interval, 32 sets of these 71 bins are available. At each 10/12-cycle
interval, the minimum, average, and maximum value of the 32 r.m.s. magnitudes of each of these 71 bins could
be reported. In addition, at each 10/12-cycle interval, a single r.m.s. maximum value of all 71 bins across all
channels could be reported.
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C.4 Measurement range and measurement uncertainty

The measurement range and measurement uncertainty for Class A and Class S are under
consideration.

A measurement range of at least 200 % of the largest applicable immunity level specified in
IEC 61000-4-19:2014, Table 1, could be considered. A measurement uncertainty of at most
10 % of the smallest applicable immunity level specified in IEC 61000-4-19:2014, Table 1,
could be considered.
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b time aggregation methods, including the requirements for Class A andfb$ass S, are un

sideration. Q’

[E 1 Minimum, maximum, and average values could be considered durig@ach aggregation interval.
fage r.m.s. value could be used, for example, to determine typical emissioga;vThe maximum r.m.s. value ¢
Lised, for example, to determine worst-case emissions. The differencE:b een the minimum and maxin|

b  Aggregation

es could be used, for example, to detect the presence of amplitud ulation. The single maximum r.
e could be used, for example, to set worst-case 95 % limits. \

[ to be stored, transmitted, analysed, and/or archived. Depe, g on the application, the amount of data ma
ced. To reduce the amount of data, consider applying ical methods at the measuring location such
o or 99 % levels, or storing only extreme and aver&{?values, or storing detailed data only when trig
sholds are exceeded, or other methods. 0

[E 2 Measurement methods may generate a large amount ol: d@, which, depending on the application,

[E 3 In general, measurements in the 2 kHz\@SO kHz range could be aggregated using the aggrega
Fvals of 4.5. L\
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Annex D
(informative)

Underdeviation and overdeviation

D.1 General

al HH al al S n 1o el 1o - H n Py el f
Un HTTUTVIAlUlUTT diTfu UVTTUTVIAlUUTT PalrdlilticliTrio TiTdy DT USTITUT WIITTTT TU TS TITpuTialit tu dvUIl, or

exdmple, having sustained undervoltages being cancelled in data by sustained overvolta

Q}/

D.2 Measurement method '\%
P>
- [Class A (bQ
The Urms(10/12) should be used to assess the underdeviation and ove/biéviation parameters
in per cent of Uy;,. The underdeviation U, ys.under @Nd overdevi Urms-over Parameters
are determined by Equations (D.1),(D.2), (D.3), (D.4) and (D.5)\ (D.6):
Underdeviation assessment: ©

the following rule applies for the calculation of Urms—und«)C)

S

it Ums(10/12); > Udin  then  Upns_unders = Ud-‘f( (Q.1)

| \\Q

it Ums(10/12); <Udin  then Urms—under‘,\é Urms(10/12),i (4.2)

Overdeviation assessment: \\g\

the following rule applies for the&@ﬁation of Urms—over,

. O

if Urms(10/12),i < Udin ‘thé* Urms—over,i =Udin (E '3)
>

it Urms(10/12),i 2@‘1 © then  Ums—overi = Urms(10/12),i (4.4)

O

NOTE On sin e;@hase systems, there is a single underdeviation assessment and overdeviation assessnjent
value for egg erval. On 3-phase 3-wire systems, there are 3 values for each interval. Either 6 values pr 3

values ca easured on 4-wire systems.
- CIas@

l\\ngehuirement.

D.3 Measurement uncertainty and measuring range

The underlying Uyng(10/12) Values should be consistent with the requirements of 5.2.2.

D.4 Aggregation

— Class A

Underdeviation assessment:
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n
2
Z Urms—under,i
i=1

n
Udin

Udin -

Uunder = [%]

(D.5)

where n = the number of 10/12-cycle r.m.s. values for under- or overdeviation during the

aggregation interval

and Ums_under; is the ith 10/12-cycle r.m.s. value

Overdeviation assessment:

n
2
z Utms—over,i
i=1

n
Udin

~Ugin

(%]

Uover =

where

. .th
Urms—over, 1S the i Urmg(10/12) value

NOTE Both underdeviation and overdeviation parameter Equations,{@,4) and (D.5) give positive values.
Aggregation should be performed according to 4.4 angh4.5.
— |Class S

No requirement.
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Annex E
(informative)

Class B Measurement Methods

E.1 Background for Class B

Re
ins

WH
prgvide measurement methods that would cause two compliant instruments, w@'ﬁ‘ connec
to fhe same signals, to provide identical results. Q

It
obg
wh
obg
ide|

Clg
30:
In

Be
obs

E.J

Th

E.]

L

Th

E.4

E.4

stapdard to Annex E (informative). Q
N\

n ool o ot A N el oS oY WaVaVa il Bl Val Y Il 4 PR |
CITIILTS WU Uldosos D 11T Ulls ©UIruult Ul IO UTUUUS=OU  TAISL Ullly U SUPPUTL 1Ty

ruments still in operation.

Y
en IEC 61000-4-30 was first drafted in the final years of the 20" century, the égg‘was

vas realized at the time that such a standard could make existing,”useful instrume
olete, and this was not the result that was desired. So two class Qﬁere defined: Class
ch achieved the goal above, and Class B, which would avoid r@ng existing instrum

olete. (Class S, for Survey instruments that produce statisti%m( seful but not necess

htical results, was added later in IEC 61000-4-30:2008 (editj ).)

ss B instruments existed in 2003 when this standa \was first published. IEC 61000
2008 (edition 2) made it clear that Class B method a¥e not recommended for new desig
the present edition, Class B has now been néé

N
cause Class B exists only to support le 3%? instruments still in operation but becom
olete, it is expected that Class B will ba(éhoved from the next edition of this standard.

N

. Class B — Measurement {g%regation over time intervals
7
e manufacturer should spe@ct e number and duration of aggregation time intervals.
<
b Class B - M(@‘urement aggregation algorithm

P manufacturer@yguld specify the method of aggregation.
8

| ClI — Real time clock (RTC) uncertainty

cy

to
ted

nts
A1
nts

rily

4-
ns.

d from the normative section of fhis

ing

.\1(</C)General

The manufacturer should specify the RTC uncertainty and the method to determine
aggregation intervals, if any.

E.4.2 Class B - Frequency — Measurement method

The manufacturer should specify the process used for frequency measurement.

E.4.3 Class B — Frequency — Measurement uncertainty

The manufacturer should specify the uncertainty over the measuring ranges 42,5 Hz to

57,

5 Hz/51 Hz to 69 Hz.
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E.4.4 Class B — Frequency — Measurement evaluation

The manufacturer should indicate the process used for frequency measurement evaluation.

E.4.5 Class B — Magnitude of the supply — Measurement method

The measurement should be the r.m.s. value of the voltage over a period specified by the
manufacturer.

E.4.6 Class B — Magnitude of the supply — Measurement uncertainty and measuring

e 3
The measurement uncertainty should be specified by the manufacturer, in such a way. of to
ex¢eed +1 % of Uy;, , over a range specified by the manufacturer. '\(0
>
E.5 Class B - Flicker Q-
b2
E.§.1 General Q’
. Q
Not applicable. ;\Q

©

E.§.2 Class B — Supply voltage dips and swells — Meaéément method
g\\
E.§.2.1 General @)

Th¢ manufacturer should specify the method used@rms.

N\
E.§.2.2 Class B — Supply voltage dips a&\&wells — Magnitude uncertainty

The manufacturer should specify the unce@nty which shall not exceed +2,0 % of Uy;p,.

E.§.2.3 Class B — Supply voltagheﬂips and swells — Duration uncertainty

The manufacturer should specﬁg‘t@e duration measurement uncertainty.

‘\\O
E.¢ Class B - Vo&gg)fnterruptions
O

E.q4.1 Generalc)

Allfof 5.5 shc@bply.

E.q.2 C)@lass B — Supply voltage unbalance — Measurement method

Th ax&nufacturer should specify the algorithms and methods used to calculate unbalance.

E.6.3 Class B — Supply voltage unbalance —Uncertainty

Should be the same as 5.7.2, Class A, except for the uncertainty which is less than 0,3 % for
any unbalance parameter that is evaluated.

E.6.4 Class B — Voltage harmonics — Measurement method

The manufacturer should specify the measurement method.

E.6.5 Class B —Voltage harmonics — Measurement uncertainty and range

The manufacturer should specify the measurement uncertainty and measurement range.
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E.6.6 Class B — Voltage interharmonics — Measurement method

The manufacturer should specify the measurement method.

E.6.7 Class B —Voltage interharmonics — Measurement uncertainty and range

The manufacturer should specify the measurement uncertainty and measurement range.

E.6.8 Class B — Mains signalling voltage — Measurement method

Th £ n L Lal ) & 4l ol
P 1TTdiTuraGiulTl STTUuUITU SpcuUIly UIT TITTSaoSUTTITTTTTIUTITTUTUU. A

E.q.9 Class B —Mains signalling voltage — Measurement uncertainty and ranng

The¢ manufacturer should specify the measurement uncertainty and measuremen@nge.

E.4.10 Class B — Current — Measurement method (bQ

4
Nojrequirement. If included, the manufacturer should specify the meas@ment method.

E.§.11 Class B — Current — Measurement uncertainty and r@e

Nofrequirement. If included, the manufacturer should specif;Q/ge? measurement uncertainty #nd
mefasurement range. g\\
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-30: Testing and measurement techniques —
Power quality measurement methods

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien compri
bll national electrotechnical committees (IEC National Committees). The object of IEG\ is to pron
nternational co-operation on all questions concerning standardization in the electrical and €lectronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter)<referred to as

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National’ Committee intere
n the subject dealt with may participate in this preparatory work. International,” governmental and i
jovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
vith the International Organization for Standardization (ISO) in accordancé “with conditions determined
pgreement between the two organizations.

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

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are_made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding/national or regional publication shall be clearly indicate]
he latter.

EC itself does not provide any attestatiop;of conformity. Independent certification bodies provide confor
pssessment services and, in some areasyaccess to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent certification bodies.

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

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

Attention is drawn, to the Normative references cited in this publication. Use of the referenced publication
ndispensable forthe correct application of this publication.

Attention is‘drawn to the possibility that some of the elements of this IEC Publication may be the subjeq
patent rights. 1EC shall not be held responsible for identifying any or all such patent rights.

rnational Standard IEC 61000-4-30 has been prepared by subcommittee 77A: EMC - L
Euency phenomena, of IEC technical committee 77: Electromagnetic compatibility.
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This standard forms part 4-30 of IEC 61000. It has the status of a basic EMC publication in
accordance with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

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

ed

ition:

a) the measurement method for current, previously informative, is now normative with some

changes;
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the measurement method for RVC (rapid voltage change) has been added;

the measurement method for conducted emissions in the 2 kHz to 150 kHz range has been

added in informative Annex C;
underdeviation and overdeviation parameters are moved to informative Annex D;

Class A and Class S measurement methods are defined and clarified, while Class B is

moved to informative Annex E and considered for future removal;

measurement methods continue in this standard, but responsibility for influence quantitie
performance, and test procedures are transferred to IEC 62586-2.

S,

Th

Ful
vof]

Thi

Al

e text of this standard is based on the following documents:
FDIS Report on voting
77A/873/FDIS 77A/878/RVD

| information on the voting for the approval of this standard can be feund in the report
ng indicated in the above table.

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

st of all parts in the IEC 61000 series, published under/the general title Electromagn

on

ptic

compatibility (EMC), can be found on the IEC website.

Tht committee has decided that the contents of this‘publication will remain unchanged until the
stapility date indicated on the IEC web site under "http://webstore.iec.ch" in the data relateqd to
the| specific publication. At this date, the publication will be

e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

The contents of the corrigendum of December 2016 have been included in this copy.
IMPORTANT — TFhe 'colour inside' logo on the cover page of this publication indicates
thdt it contains colours which are considered to be useful for the correct understandipng

of

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

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

Part 1: General

Pa

Pa

Pa

Pa

Pa

Pa

Ea
or

published as sections.*Others will be published with the part number followed by a dash 3

col

General considerations (introduction, fundamental principles)
Definitions, terminology

it 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

rt 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the respensibility of the prod
committees)

't 4: Testing and measurement techniques

Measurement techniques
Testing techniques

t 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

't 6: Generic standards
't 9: Miscellaneous

ch part is further subdivided into several parts, published either as International Standa
as Technical Specifications or Technical Reports, some of which have already b

hpleted by a second number identifying the subdivision (example: 61000-6-1).

uct

ds
en
nd
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-30: Testing and measurement techniques —
Power quality measurement methods

1 Scope

This part of IEC 61000-4 defines the methods for measurement and interpretation of res;l:lts
for| power quality parameters in a.c. power supply systems with a declared fundamental
frequency of 50 Hz or 60 Hz.

Mejasurement methods are described for each relevant parameter in terms_that give reliaple
and repeatable results, regardless of the method’s implementation. This standard addresges
mejasurement methods for in-situ measurements.

Mejasurement of parameters covered by this standard is limited to.conducted phenomeng in
power systems. The power quality parameters considered \in this standard are poyer
frequency, magnitude of the supply voltage, flicker, supply, toltage dips and swells, voltage
interruptions, transient voltages, supply voltage unbalance, voltage harmonics and
interharmonics, mains signalling on the supply voltage,~rapid voltage changes, and current
mejasurements. Emissions in the 2 kHz to 150 kHz range are considered in Annex C
(informative), and over- and underdeviations ar€ )considered in Annex D (informatiye).
Depending on the purpose of the measurement, all or a subset of the phenomena on this [list
maly be measured.

NOTE 1 Test methods for verifying compliance with this standard can be found in IEC 62586-2.

NOTE 2 The effects of transducers inserted bétween the power system and the instrument are acknowledged|but
not faddressed in detail in this standard. Guidance about effects of transducers can be found IEC TR 61869-103.

2 | Normative references

The following documents,~in whole or in part, are normatively referenced in this documgnt
and are indispensable for'its application. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEG 60050, ~(all parts), International Electrotechnical Vocabulary (IEV) (available | at
www.electropedia.org)

IEC ©€1000-2-4, Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibllity
levels in industrial plants for low-frequency conducted disturbances

IEC 61000-3-8, Electromagnetic compatibility (EMC) — Part 3: Limits — Section 8: Signalling
on low-voltage electrical installations — Emission levels, frequency bands and
electromagnetic disturbance levels

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) — Part 4-7: Testing and measure-
ment techniques — General guide on harmonics and interharmonics measurements and
instrumentation, for power supply systems and equipment connected thereto
IEC 61000-4-7:2002/AMD1:2008

IEC 61000-4-15:2010, Electromagnetic compatibility (EMC) — Part 4-15: Testing and
measurement techniques — Flickermeter — Functional and design specifications
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IEC 61180 (all parts), High-voltage test techniques for low voltage equipment

IEC 62586-1, Power quality measurement in power supply systems — Part 1. Power quality
instruments (PQI)

IEC 62586-2, Power quality measurement in power supply systems — Part 2: Functional tests
and uncertainty requirements

3

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161,~as ™\
as fthe following apply.

3.1

channel

ind

Notg 1 to entry: “Channel” and “phase” are not the same. A voltage channel is~hy’definition the differenc

potg

betyeen 2 phases, or between a phase and neutral, or between a phase and earth, or between neutral and earth.

3.2

deglared input voltage
Udln
valpe obtained from the declared supply voltage by adransducer ratio

3.3

de¢lared supply voltage

UC
nof

Notg 1 to entry: If by agreement between\the supplier and the customer a voltage different from the nom
voltpge is applied to the terminals, then this voltage is the declared supply voltage U

3.4
dip

vidual measurement path through an instrument

ntial between 2 conductors. Phase refers to a single conductor. On polyph@se’systems, a channel may

mally the nominal voltage U,, of the system.

threshold

ell

B in
be

inal

voltage magnitude specified for the purpose of detecting the start and the end of a voltage

dip

3.5
fla
for

mejasurement results of all other parameters made during this time interval

jged data
any measurement time interval in which interruptions, dips or swells occur, the mar}

ed

for

Notgp 1 t0 entry: For some applications, this ‘marked’ or ‘flagged’ data may be excluded from further analysis
exampie. " See 4./ Tor Turtner exXpranation.

3.6

flicker

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

[SOURCE: IEC 60050-161:1990, 161-08-13]

3.6
P

A

S
short-term flicker evaluation based on an observation period of 10 min
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[SOURCE: IEC 61000-4-15]

3.6.2
Py . _
long-term flicker evaluation

[SOURCE: IEC 61000-4-15]

3.7
fundamental component

component whose frequency is the fundamental frequency

3.8
fundamental frequency
frequency in the spectrum obtained from a Fourier transform of a time functiony to which|all
the| frequencies of the spectrum are referred

Note 1 to entry: In case of any remaining risk of ambiguity, the fundamental frequency’may be derived from|the
nunjber of poles and speed of rotation of the synchronous generator(s) feeding the system.

3.9
harmonic component
any of the components having a harmonic frequency

Notg 1 to entry: Its value is normally expressed as an r.m.s value. For brevity, such component may be refefred
to sjmply as a harmonic.

[SOURCE: IEC 61000-2-2:2002, 3.2.4,]
3.10

harmonic frequency
frequency which is an integer multiple of'the fundamental frequency

Notg 1 to entry: The ratio of the harfmonic frequency to the fundamental frequency is the harmonic ofder
(reqommended notation: n) (IEC 61000-2¥2:2002, 3.2.3).

3.11
hysteresis
difference in magnitude between the start and end thresholds

Notg 1 to entry: This“definition of hysteresis is relevant to PQ measurement parameters and is different from|the
IEC| 60050 definition,which is relevant to iron core saturation.

Notg 2 to entry) The purpose of hysteresis in the context of PQ measurements is to avoid counting mulfiple
evepts when-the magnitude of the parameter oscillates about the threshold level.

3.1]2
infiu uantity

quantity which is not the subject of the measurement and whose change affects the
relationship between the indication and the result of the measurement

[SOURCE: IEC 60050-311:2001, 311-06-01]

3.13
interharmonic component
spectral component with a frequency between two consecutive harmonic frequencies

Note 1 to entry: The definition is derived from IEC 61000-4-7.

Note 2 to entry: Its value is normally expressed as an r.m.s value. For brevity, such a component may be referred
to simply as an interharmonic.
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3.14
interharmonic frequency
any frequency which is not an integer multiple of the fundamental frequency

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

Note 2 to entry: In the case where m < 1 the term subharmonic frequency may be used.

[SOURCE: IEC 61000-2-2:2002, 3.2.5]

3.15
interruption
redquction of the voltage at a point in the electrical system below the interruption threshold

3.16

interruption threshold
voltage magnitude specified for the purpose of detecting the start and_the end of a voltage
interruption

3 ;I?

melasurement uncertainty
pafjameter, associated with the result of a measurement, that_characterizes the dispersior| of
the values that could reasonably be attributed to the measurand

[SOURCE: IEC 60050-311:2001, 311-01-02]

3.18
nominal voltage
Un
voltage by which a system is designated or'identified

3.19
oveérdeviation

difference between the measuried value and the nominal value of a parameter, only when the
mejasured value of the parameter is greater than the nominal value

3.1(\)’
power quality

characteristics of'the electricity at a given point on an electrical system, evaluated againgt a
sef] of reference technical parameters

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

3.21
root-mean-square value

r.m.s. value

square root of the arithmetic mean of the squares of the instantaneous values of a quantity
taken over a specified time interval and a specified bandwidth

[SOURCE: IEC 60050-103:2009, 103-02-03]

3.22

r.m.s. voltage refreshed each half-cycle

Urms(‘/z) .

value of the r.m.s. voltage measured over 1 cycle, commencing at a fundamental zero
crossing, and refreshed each half-cycle
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Note 1 to entry: This technique is independent for each channel and will produce r.m.s. values at successive
times on different channels for polyphase systems.

Note 2 to entry: This value is used only for voltage dip, voltage swell, interruption, and RVC detection and
evaluation, in Class A.

Note 3 to entry: This r.m.s. voltage value may be a phase-to-phase value or a phase-to-neutral value.

3.23

r.m.s. current refreshed each half-cycle
I rms("z)

value of the r.m.s. current measured over 1 cycle, commencing at a fundamental zero
crdssing on an associated voltage channel, and refreshed each half-cycle

Notg 1 to entry: For guidance, the associated voltage channel might be the corresponding phasesto-negtral
chapnel on single-phase or star networks. If there is no corresponding voltage channel, for example on delta
netyork currents, or earth current or neutral current measurements, then the reference channel~(see 5.1.3) used
for frequency measurements might be used.

3.24
r.n}.s. voltage refreshed each cycle

Urr1s(1)
valpe of the r.m.s. voltage measured over 1 cycle and refreshed each-cycle

Notge 1 to entry: In contrastto U this technique does not define when a cycle commences.

rms(%) ’

Notg 2 to entry: This value is used only in Class S, and is used for, veltage dip, voltage swell, and interruption
det¢ction and evaluation.

Notg 3 to entry: This r.m.s. voltage value can be a phase-to-phase value or a phase-to-neutral value.

3.25
ranjge of influence quantities
rarnjge of values of a single influence quantity

6

uick transition in r.m.s. voltage occurring between two steady-state conditions, and duning

Note 1/toentry: In the case of a single-phase measurement, the voltage measuring channel is also the refergnce

3.28

residual voltage
U’.e$ . . . .
minimum value of Uy (1) recorded during a voltage dip or interruption

Note 1 to entry: The residual voltage is expressed as a value in volts, or as a percentage or per unit value of the
declared input voltage.

3.29

sliding reference voltage
USI‘

voltage magnitude averaged over one minute, representing the voltage preceding a voltage

dip or swell


https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

IEC 61000-4-30:2015 © IEC 2015 - 15—

Note 1 to entry: It is precisely defined in 5.4.4.

Note 2 to entry: The sliding reference voltage may be used to determine the voltage change during a dip or a
swell, typically for medium-voltage or high-voltage systems.

3.30
swell threshold
voltage magnitude specified for the purpose of detecting the start and the end of a swell

3.31
time aggregation
ver

ard

Notge 1 to entry: Coordinated universal time is established\by the International Bureau of Weights and Measures
(BIFM) and the International Earth Rotation Service (IERS))

Notpe 2 to entry: The UTC scale is adjusted by theinsertion or deletion of seconds, so called positive or negative

tempporary reduction «ef*the voltage magnitude at a point in the electrical system belowy a
threshold

Note 1 to entry.~ Interruptions are a special case of a voltage dip. Post-processing may be used to distingtiish
between voltagedips and interruptions.

Notp 2 to-entry: A voltage dip is also referred to as sag. The two terms are considered interchangeable; howe)er,
this|standard will only use the term voltage dip.

3.35

voltage swell

temporary increase of the voltage magnitude at a point in the electrical system above a
threshold

3.36

voltage unbalance

condition in a polyphase system in which the r.m.s. values of the line voltages (fundamental
component), and/or the phase angles between consecutive line voltages, are not all equal

Note 1 to entry: The degree of the inequality is usually expressed as the ratios of the negative- and zero-
sequence components to the positive-sequence component.

Note 2 to entry: In this standard, voltage unbalance is considered in relation to 3-phase systems.
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[SOURCE: IEC 60050-161:2002, 161-08-09, modified — notes to entry have been added]

4 General

4.1 Classes of measurement

For each parameter measured, two classes, A and S, are defined in this standard. For each

class, measurement methods and appropriate performance requirements are included.

- Class A

hysteresis, etc.) match.

— [Class S

locations within a building or even within a single farge piece of equipment.
— |Class B

edition of this standard.

moves Class B to Informative.Annex E.

NOTE 3 In this standard,"*A™ stands for “Advanced”, and “S” stands for “Surveys”.

Users shall select the class that they require, based on their application(s).

This class is used where precise measurements are necessary, for example,
contractual applications that may require resolving disputes, verifying compliance” with
standards, etc. Any measurements of a parameter carried out with two, differ
instruments complying with the requirements of Class A, when measuring the sa
signals, will produce matching results within the specified uncertainty for that-paramete

This class is used for statistical applications such as surveys orpower quality assessm
possibly with a limited subset of parameters. Although .it\uses equivalent intervals| of
measurement as Class A, the Class S processing requirements are much lower. Some
surveys may assess power quality parameters of severalMmeasurement sites on a netw
other surveys assess power quality parameters at a single site over a period of time, o

NOTE 2 Class B measurement methods will provide useful but not necessarily comparable information. C
B was introduced in IEC 61000:4-30:2003 (edition 1) specifically to avoid making older instrument des
obsolete. |IEC 61000-4-30:2008(edition 2) warned that Class B may be removed in a future edition of
standard. IEC 61000-4-30:—~this edition 3) warns again that Class B may be removed in a future edition,

for

ent
Ime
.

NOTE 1 Class A measurements produce matching results only if the user-selected parameters (threshdlds,

ent,

prk;
at

For Class B information, see Annex E (informative) of this standard. Class B meth¢ds
shall not be employed for new instruments.*Class B is moved to Annex E on the basis that
all new instrument designs will comply~with either Class A or Class S. Class B may
relevant for legacy instruments that are still in use. Class B may be removed in the next

be

ass
gns
this
and

For

trolibleshooting-applications, depending on the type of problem either Class A or Clas$ S

methods may<be selected by the user.

The
givenand which may degrade performance of the instrument.

instrument manufacturer should declare influence quantities which are not expregsly

An instrument may measure some or all of the parameters identified in this standard, and
preferably uses the same class for all parameters. For guidance, see IEC 62586-1 and

IEC 62586-2.

The instrument manufacturer shall declare which parameters are measured, which class is

used for each parameter, the range of U,

in

for which each class is fulfilled, and all the

necessary requirements and accessories (synchronization, probes, calibration period,

temperature ranges, etc.) to meet each class.
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4.2 Organization of the measurements

The electrical quantity to be measured may be either directly accessible, as is generally the
case in low-voltage systems, or accessible via measurement transducers.

The whole measurement chain is shown in Figure 1.

Measurement Measurement Evaluation

_r‘ transducers * unit f unit ?

Electrical input Input signal to Measurement Measurement
signal be measured result evaluation

IEC

Figure 1 — Measurement chain

An|"instrument" may include the whole measurement chain (see Figure 1). In this standgrd,
thegl normative part does not consider any possible measurementi\transducers external to the
insfrument and their associated uncertainty, but Clause A.2 gives’guidance.

4.3 Electrical values to be measured

Mejasurements can be performed on single-phase or{polyphase supply systems. Dependjing
on|the context, it may be necessary to measure)voltages between phase conductors and
neyitral (line-to-neutral) or between phase conductors (line-to-line) or between phase
conductors or neutral and earth (phase-to-earth) neutral-to-earth). It is not the purpose of this
standard to impose the choice of the electrical values to be measured. Moreover, except|for
thel measurement of voltage unbalancexwhich is intrinsically polyphase, the measuremgnt
mefthods specified in this document are\such that independent results can be produced|on
ea¢h measurement channel.

NOTE Phase-to-phase instantaneous values can be measured directly, or can be derived from instantangous
phake-to-neutral measured values or-fitom phase-to-earth measured values.

Current measurements may’be performed on each conductor of supply systems, including the
neuitral conductor and the'protective earth conductor (see 5.13).

4.4 Measurement aggregation over time intervals
— |[Class A

The basic measurement time interval for parameter magnitudes (supply voltage,
harmonics, interharmonics and unbalance) shall be a 10-cycle time interval for a 50|Hz
power system or a 12-cycle time interval for a 60 Hz power system.

The T10/TZ-cycle measurement shall be re-synchronized at every UTC (coordinated
universal time) 10-min tick. See Figure 2.

NOTE 1 The uncertainty of this measurement is included in the uncertainty measurement protocol of each
parameter.

The 10/12-cycle values are then aggregated over 3 additional intervals:
e 150/180-cycle interval (150 cycles for 50 Hz nominal or 180 cycles for 60 Hz nominal),

e 10-min interval,

e 2-hour interval for Py flicker.

NOTE 2 A 2-hour aggregation interval is optional for all parameters, with the exception of flicker
measurements which require a 2-hour aggregation interval for P,. This 2-hour aggregation interval may
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possibly be useful in some applications, and may possibly be necessary for measuring compliance with some
national or international standards.

NOTE 3 Clauses B.1 and B.2 discuss some applications of these aggregation time intervals.
Class S
Same time intervals as Class A.

Measurement aggregation algorithm

A1 Requirements

Ag
inp

Fo

4.5.2 150/180-cycle aggregation

4.5

gregations shall be performed using the square root of the arithmetic mean of the squafed
ut values.

flicker measurements, a different aggregation algorithm is used (see IEC 61000-4-15).

Class A

The data for the 150/180-cycle time interval shall be aggregated-without gap from fiftgen
10/12-cycle time intervals.

The 150/180-cycle time interval is resynchronized upon the " UTC 10-min tick as shown in
Figure 2.

When a 10-min tick occurs, a new 150/180-cycle time“interval begins, and the pendling
150/180-cycle time interval also continues until, it-is completed. This may create |[an
overlap between these two 150/180-cycle intervalsi(overlap 2 in Figure 2).

Class S

The data for the 150/180-cycle time intefval shall be aggregated from 10/12-cycle time
intervals. Resynchronization with the UT,C 10-min tick is permitted but not mandatqry.
(See Figure 3.)

Gaps are permitted but not mandatory for harmonics, interharmonics, mains signalling
voltage and unbalance. A minimum of three 10/12-cycle values shall be used each
150/180-cycle time interval, (de. at least one 10/12-cycle value shall be used each
50/60 cycles (see Figure 4)._For all other parameters, the data for the 150/180-cycle time
interval shall be aggregated without gap from fifteen 10/12-cycle time intervals.

3 10-min aggregation
Class A

The 10-min, aggregated value shall be tagged with the UTC time (for example,
01H10.00,000) at the conclusion of the 10-min aggregation interval, rounded to fhe
nearestsécond.

NOTE ~Nn some circumstances, it can be useful to use local time, which can differ from UTC by a fixed offlset,
or/an-offset that can vary based on time of year. This type of time stamp often includes both a time and a dpte.

This"type of time stamp can be referred to as “absolute time”.

The data for the 10-min time interval shall be aggregated from 10/12-cycle time intervals.

Each 10-minute interval shall begin on a UTC 10-min tick. The 10-min tick is also used to
re-synchronize the 10/12-cycle intervals and the 150/180-cycle intervals. See Figure 2.

The final 10/12-cycle interval(s) in a 10-min aggregation period will typically overlap in
time with the UTC 10-min clock tick. Any overlapping 10/12-cycle interval (overlap 1 in
Figure 2) is included in the aggregation of the previous 10-min interval.
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e.g. 01:10.00,000

UTC
10-min tick

10-min interval (x + 1)

10-min interval (x) . A A
T '
|
’ |
3 —
1 J . | 1 2 3
0 [
10/12 cycles 10/12 cycles | 10/12 cyc:es
] —3 Overlap 1
' ‘>I
o /I
o 1012 cycles | 10/12 cycles | 1012 cycles
|
11 12 13 14 l 1 15i 2 | 3
X A 4 A 4 !
150/180-cycle time interval () v ) 4 4

— [Class S

the following simplified method:

running.

150/180-cycle time intgrval (n + 1)

Overlap 2
(150/480)

cesceqaqesosa

There will be no(oyverlap, as illustrated in Figure 3 and Figure 4.

>'

Figure 2 — Synchronization of aggregation intervals for Class A

IEC

The 10-min aggregation method usedfor Class S shall be either the Class A method

The 10-min aggregated yvalue shall be tagged with the time at the conclusion of the
min aggregation interval (e.g. 01h10.00,040).

or

The data for the 10-min time interval shall be aggregated from 10/12-cycle time intervals.
There is no resynchronization” on the UTC 10-min tick. The 10-min intervals are f

[ee

10-
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Timestamp of the 10min
aggregation interval
e.g. 01:10:00,040

10-min interval (x + 1)

10-min interval (x) A A A
- —
[ ]
]
i ] k ) 1 2 3
I )
| 10112 cycles | 10/12 cycles | 10112 cycles }
)
)
! 10/12 cycles 10/12 cycles 10/12 cycles.
|
11 12 13 14 15 l 1
x y 4 y '

150/180-cycle time interval (n)

Figure 3 — Synchronization of aggregation intervals for Class S:
parameters for which gaps are hot permitted

150/180-cycle time
interval (n + 1)

IEC

uTC ?mestamp of the 10min
10-min tick aggregation interval
e:g. 01:10:00,000 e.g. 01:10:00,040

10-min interval (x + 1)

10-min interval (x)

A !
)
)
)
10/12 10/12 ‘
—EE— RRGAP
cycles cycles )

10/12 | IGAP }10/12 GAP
cycles cycles

150/180-cycle time interval (n)

v

150/180-cycle time interval (n + 1)

Figure 4 — Synchronization of aggregation intervals for Class S:
parameters for which gaps are permitted (see 4.5.2)

4.5.4 2-hour aggregation

Class A

The data for the 2-hour interval shall be aggregated from twelve 10-min intervals. The
2-hour interval shall be gapless and not overlapping.

Class S
Same as Class A.
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4.6

Time-clock uncertainty

Time-clock uncertainty is defined relative to coordinated universal time (UTC), which is
continuously incrementing and available world-wide.

NOTE 1 The time clock may move forward or backward under certain circumstances, such as daylight savi
time, external synchronization updates, etc. When the clock moves forward in time, there may be gaps in the data.
When the clock moves backwards in time, data may overlap in time.

Class A

ngs

The time-clock uncertainty shall not exceed +20 ms for 50 Hz or +16,7 ms for 60 Hz,

4.7

Du
exd
av(

a single dip as both a dip and a frequency variation), and indicates that an aggregated va

mig

regardless of the total time interval.

NOTE 2 This performance can be achieved, for example, through a synchronization procedurg\app
periodically during a measurement campaign, through a GPS receiver, or through reception of transmi
radio timing signals or by using network timing signals.

When synchronization by an external signal becomes unavailable, the“time tagg
tolerance shall be better than +1 s per 24-h period; however, this exception does
eliminate the requirement for compliance with the first part of this paragraph.

NOTE 3 This performance is necessary to ensure that two instruments using-.Class A methods produce
same 10-min aggregation results when connected to the same signal.

Class S
The time-clock uncertainty shall not exceed +5 s per 24-h'péeriod.

Flagging concept

[ing a dip, swell, or interruption, the measurement algorithm for other parameters
mple, frequency measurement) might produce{an unreliable value. The flagging conc

ht be unreliable.

is
da

Th
fre

intgrharmonics, mains\'signalling and measurement of underdeviation and overdevia

paf

If d
val

Fl}gging is only triggered by dips, swélls, and interruptions. The detection of dips and sw

a are "flagged".

b flagging concept is applicable for Class A and Class S during measurement of po

ids counting a single event more than once-in-different parameters (for example, countling

lied
ted

ing
hot

the

for
ept

lue

lls

ependent on the threshold selécted by the user, and this selection will influence which

ver

juency, voltage magnitude, flicker, supply voltage unbalance, voltage harmonics, volt

ameters.

uring a given'time interval any value is flagged, the aggregated value which includes
ue shall™also be flagged. The flagged value shall be stored and also included in

ge

lon

hat
the

aggregation process. For example, if during a given time interval any value is flagged, then

the

aggregated value that includes this value shall also be flagged and stored.

NOTE 1 Information about other types of flagging, or data marking, can be found in IEC 62586-1.

NOTE 2 The user can decide how to evaluate flagged data.

5

5.1

5.1

Power quality parameters

Power frequency

1 Measurement method
Class A

The frequency reading shall be obtained every 10 s. As power frequency may not
exactly 50 Hz or 60 Hz within the 10-s time clock interval, the number of cycles may

be
not
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be an integer number. The fundamental frequency output is the ratio of the number of
integral cycles counted during the 10-s time clock interval, divided by the cumulative

duration of the integer cycles.

When a zero crossing method is used for frequency calculation, then, before the
assessment, harmonics and interharmonics shall be attenuated to minimize the effects of

multiple zero crossings.

The measurement time intervals shall be non-overlapping. Individual cycles that overlap

the 10-s time clock are discarded. Each 10-s interval shall begin on an absolute 10-s ti
clock, with uncertainty as defined in 4.6.

me

5.1

5.1

5.1
Ag

5.2

5.2,

Fa¥i) % 1 H ) " HN| H Il n L 1o [ |
ULUIICT 1TUTTITYUTS Uial Pruviutc TUUIvaltlit TCoUIlS, SULIT dao LCUTTVUTULIUTT, alft® allttpylallc,

NOTE For some applications, the use of time intervals shorter than 10 s may possibly be useful,\such
10/12 cycles (wind turbines), 1 s (national standards), etc.

Class S
Same as Class A.

.2 Measurement uncertainty and measuring range
Class A

Under the conditions described in Clause 6, the measurement uncertainty shall
exceed +10 mHz over the measuring ranges 42,5 Hz to 57,5\Hz / 51 Hz to 69 Hz.

Class S

Under the conditions described in Clause 6, the_fmeasurement uncertainty shall
exceed +50 mHz over the measuring ranges 42,5 Hzto 57,5 Hz / 51 Hz to 69 Hz.

.3 Measurement evaluation

Class A

The frequency measurement shall be made on the reference channel.

The manufacturer shall specify the behaviour of frequency measurement whenever
reference channel loses voltage.

Class S
Same as Class A.

.4  Aggregation

jregation is not mandatory.

Magnitude of the supply voltage

1 Meéasurement method
Class ‘A

as

hot

hot

the

The’'measurement shall be the r.m.s. value of the voltage magnitude over a 10-cycle tim

e

5.2

Interval 1or a oU Hz power system or a T1Z-cycle time interval Tor a o0 Hz power system.

Every 10/12-cycle interval shall be contiguous, and not overlapping with adjacent 10/
cycle intervals except as shown in overlap 1 in Figure 2.

NOTE 1 This specific measurement method is used for quasi-stationary signals and is not used for
detection and measurement of disturbances: dips, swells, voltage interruptions and transients.

NOTE 2 The r.m.s. value includes, by definition, harmonics, interharmonics, mains signalling, etc.
Class S
Same as Class A.

.2 Measurement uncertainty and measuring range
Class A

12-

the
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5.2
No

Under the conditions described in Clause 6, the measurement uncertainty shall
exceed +0,1 % of Uy;,, over the range of 10 % to 150 % of Uy,

Class S

Under the conditions described in Clause 6, the measurement uncertainty shall
exceed £0,5 % of Uy;,, over the range of 20 % to 120 % of Uy,

.3 Measurement evaluation

requirements.

not

not

5.2
Ag

5.3

5.3

5.3

5.3

.4 Aggregation

jregation shall be performed according to 4.4 and 4.5.

Flicker

1 Measurement method
Class A
IEC 61000-4-15 Class F3 applies as the minimum requirementy~Class F3 should not

of this standard.
Class S
IEC 61000-4-15 Class F3 applies as the minimum requirement.

2 Measurement uncertainty and measuring.range
Class A

See |IEC 61000-4-15. Under the conditions described in Clause 6, the measurem
uncertainty required by 61000-4-15 shall be met over the measuring range of 0,2
to10 Pg;.

Class S
See IEC 61000-4-15. Under<the conditions described in Clause 6, twice the permif

of 0,4 Pg to 4 Pg.

3 Measurement.evaluation
Class A
IEC 61000-4-15"applies.

The 10-min-time interval for Py shall commence on a UTC 10-min tick, and shall
tagged with the time at the conclusion of the interval (see 4.5.3).

IEC61000-4-15) to be flagged.

be

used for new designs. Class F1 is recommended, and may be ‘required in the next edifion

ent

Pst

ted

measurement uncertainty réquired by 61000-4-15 shall be met over the measuring range

be

Voltage dips, swells, and interruptions shall cause Pg and P, output values ($ee

Class S
Same as Class A.

5.3.4 Aggregation

Class A

Aggregation shall be performed according to IEC 61000-4-15.
Class S

Same as Class A.
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5.4 Supply voltage dips and swells

5.4.1 Measurement method

NO

5.

5.:].2 Detection and evaluation of a voltage dip

Class A

The basic measurement U,,s of a voltage dip and swell shall be the Uy,gy,) on each
measurement channel (see 3.22).

The cycle duration for Urms(%) depends on the frequency. The frequency might be
determined by the last non-flagged power frequency measurement (see 4.7 and 5.1), or by
any other method that yields the uncertainty requirements of Clause 6.

NOTE 1 The Urms(%) value includes, by definition, harmonics, interharmonics, mains signalling voltage, et¢.

NOTE 2 It is important to avoid loss of data when dips and swells occur in a rapid sequence (for"example,
hree events in one second, with up to one minute between sequences, could possibly occur when a reclgser
bperates into a sustained fault). If, during a rapid burst, the dip/swell event characteristics capnot be recorded,
hen a count of events could possibly be useful.

Class S

The basic measurement U, of a voltage dip and swell shall be eithepthe U 1,) ON erTch
measurement channel (see Clause 3.22), or the U1y On each measurement channel
(see Clause 3.23). The manufacturer shall specify which measurement is used.
[E 3The U

rms(1) value includes, by definition, harmonics, interharmonics, mains signalling voltage, etc.

.2.1 Voltage dip detection

The dip threshold is a percentage of either Uy;, or‘the sliding voltage reference Ug, (see 5.4|4).

Th
NO
infol

Th

application.

5.4.2.2 Voltage dip evaluation

A

e user shall declare the reference voltage in use.

[E The sliding voltage reference U, is generally not used in LV systems. See IEC TR 61000-2-8 for further
Fmation and advice.

On single-phase systems a voltagée dip begins when the U, voltage falls below the |dip
threshold, and ends when the U, voltage is equal to or above the dip threshold plus the
hysteresis voltage.

On polyphase systems .a‘dip begins when the U, voltage of one or more channelg is
below the dip threshold and ends when the U, voltage on all measured channels is equal
to or above the dip threshold plus the hysteresis voltage.

e dip threshold-‘and the hysteresis voltage are both set by the user according to the

oltage dip is characterized by a pair of data, either residual voltage (U,ss) or depth, Tnd

duqation:

the residual voltage of a voltage dip is the lowest U,,s value measured on any channel
during the dip;

the depth is the difference between the reference voltage (either Uy, or Ug) and the
residual voltage. It is generally expressed in percentage of the reference voltage.

NOTE 1 During the dip it may be useful to also record the lowest U ., on each channel, in addition to the

residual voltage of the dip. The duration spent below the dip threshold on each channel may also be useful.

NOTE 2 If voltage waveforms are recorded before, during, and after a dip, useful information about phase
angle changes may be available in the recorded data.
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The start time of a dip shall be time stamped with the time of the end of the U, of the channel
that initiated the event and the end time of the dip shall be time stamped with the time of the
end of the U, . that ended the event, as defined by the threshold plus the hysteresis.

rms

The duration of a voltage dip is the time difference between the start time and the end time of
the voltage dip.

NOTE 3 For polyphase measurements, the dip duration can start on one channel and terminate on a different
channel.

NO]
medsured duration is dependent on the selected dip threshold value The shape of the envelope can be assedsed
usirjg several dip thresholds set within the range of voltage dip and voltage interruption thresholds.

NOTE 5 Typically, the hysteresis is equal to 2 % of Uy;,,.

NOTE 6 Dip thresholds are typically in the range 85 % to 90 % of the fixed voltage reference fortroubleshooting or
stafjstical applications.

NOTE 7 Residual voltage is often useful to end-users, and can be preferred because it is referenced to zero vlts.
In ¢ontrast, depth is often useful to electric suppliers, especially on HV systems_orlin cases when a slifling
refdrence voltage is used.

NOTE 8 Phase shift can occur during voltage dips. See A.5.5.

NOTE 9 When a threshold is crossed, a time stamp can be recorded.
5.:].3 Detection and evaluation of a voltage swell

5.4.3.1 Voltage swell detection

The swell threshold is a percentage of either Uy, or the sliding reference voltage U, ($ee
5.4.4). The user shall declare the reference voltage in use.

NOTE Sliding reference voltage U, is generallysnot used in LV systems. See IEC TR 61000-2-8 for further
information and advice.

— |On single-phase systems a swell begins when the U, voltage rises above the swell
threshold, and ends when the(V,,,s voltage is equal to or below the swell threshold mipus
the hysteresis voltage.

— |On polyphase systems-a.swell begins when the U, voltage of one or more channelg is
above the swell threshold and ends when the U, voltage on all measured channelg is

equal to or below the.swell threshold minus the hysteresis voltage.

The swell threshold and the hysteresis voltage are both set by the user according to the
application.

5.4.3.2 Voltage swell evaluation

A yoltage swell is characterized by a pair of data: maximum swell voltage magnitude Tnd
dunation-

— the maximum swell magnitude voltage is the largest U
during the swell;

rms value measured on any channel

— the start time of a swell shall be time stamped with the time of the end of the U, of the
channel that initiated the event and the end time of the swell shall be the time stamped with
the time of the end of the U, . that ended the event, as defined by the threshold minus the
hysteresis;

rms

— the duration of a voltage swell is the time difference between the beginning and the end of
the swell.

NOTE 1 For polyphase measurements, the swell duration measurement can start on one channel and terminate on
a different channel.
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NOTE 2 Voltage swell envelope may possibly not be rectangular. As a consequence, for a given swell,
measured duration is dependent on the swell threshold value.

NOTE 3 Typically, the hysteresis is equal to 2 % of Uy;,,.

NOTE 4 Typically, the swell threshold is greater than 110 % of Uy;p,.

NOTE 5 Phase shift can also occur during voltage swells.

NOTE 6 When a threshold is crossed, a time stamp can be recorded.

5.4

4 Calculation of a sliding reference voltage

the

Th«le sliding reference voltage implementation is optional, not mandatory. If a sliding refere

is @
ai

wh

-min time constant. This filter is given by

U,

S
US
U(1

WH
deq
cyd
use

)

Usr(ny = 0,9967 X Ug(,,_1y + 0,0033 X U(10/12)rms
bre
() is the present value of the sliding reference voltage;
(n—1) is the previous value of the sliding reference voltage;,and
0/12)rms IS the most recent 10/12-cycle r.m.s. value.

en the measurement is started, the initial value of the sliding reference voltage is set to

nce

hosen for voltage dip or swell detection, this shall be calculated using a first-order filter with

the

lared input voltage. The sliding reference voltage is updated every 10/12 cycles. If a 10/12-
le value is flagged, the sliding reference voltage i§- not updated and the previous valug is

d.

5 Measurement uncertainty and measuping range

.5.1 Residual voltage and swell voltage magnitude measurement uncertainty
Class A

The measurement uncertainty shall not exceed +0,2 % of Ug;,.

Class S

The measurement uncertainty shall not exceed +1,0 % of Ug;,.

5.4.5.2 Duration measurement uncertainty

Class A

The uncertainty of a dip or swell duration is equal to the dip or swell commencem
uncertainty.(half a cycle) plus the dip or swell conclusion uncertainty (half a cycle).

Class'S

ent

If Ubris (1) is used, then the uncertainty of a dip or swell duration is equal to the dip or swell

commencement uncertainty (half a cycle) plus the dip or swell conclusion uncertainty (hal

If a

cycle). If Uyng(q) is used, then the uncertainty of a dip or swell duration is equal to the dip or
swell commencement uncertainty (one cycle) plus the dip or swell conclusion uncertainty

(one cycle).

5.4.5.3 Aggregation

Aggregation is not applicable for triggered events.

5.5

Voltage interruptions

5.5.1 Measurement method

The basic measurement of the voltage shall be as defined in 5.4.1 for each class.
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5.5

.2 Evaluation of a voltage interruption

The voltage interruption threshold is a percentage of Uy;,,.

On single-phase systems, a voltage interruption begins when the U, voltage falls below the
voltage interruption threshold and ends when the U, value is equal to, or greater than, the
voltage interruption threshold plus the hysteresis.

On polyphase systems, a voltage interruption begins when the U, ¢ voltages of all channels fall
below the voltage interruption threshold, and ends when the U, voltage on any one channel

is g

Th
to
the]

qual to, or greater than, the voltage interruption threshold plus the hysteresis.

he application. The voltage interruption threshold shall not be set below the uncertainty
residual voltage measurement plus the value of the hysteresis. Typically, the‘hysteresis

equal to 2 % of Ug;,.

Th{
Urn
the]
thr

Th
of

NO

NO
is |
non
NO

sup
inte

5.5

Fo

5.5

Ag

5.6
Clg

e start time of a voltage interruption shall be time stamped with the time of the end of
s of the channel that initiated the event and the end time of the voltage interruption shall
time stamped with the time of the end of the U, that ended the event, as defined by
bshold plus the hysteresis.

he voltage interruption.

[E 1 The voltage interruption threshold can, for example, be set to 5 % or to 10 % of Uy;p.

[E 2 |EC 60050-161:1990, 161-08-20, considers an interruption to have occurred when the voltage magnif
bss than 1 % of the nominal voltage. However, it is difficult to correctly measure voltages below 1 % of
inal voltage. Therefore, the user could consider sefting an appropriate voltage interruption threshold.

[E 3 The interruption of one or more phasgs on a polyphase system can be seen as an interruption of]

Fruption in a polyphase measurement.
3 Measurement uncertainty and measuring range

duration measurementuncertainty, see 5.4.5.2.

.4 Aggregation

jregation is notsapplicable for triggered events.

Transient voltages

use\A.3 provides some informative information on the significant parameters necessary

cha

e voltage interruption threshold and the hysteresis voltage are both set by the user according

of
W

the
be
the

duration of a voltage interruption is the time difference‘between the beginning and the ¢nd

ude
the

the

bly to single-phase customers connected>to that system, even though this would not be classified ag an

to

ractérize transient voltages. Measurement of transient voltages can be useful but is

not

ma

5.7

5.7

ndatory.

Supply voltage unbalance

A Measurement method

Unbalance measurements apply only to 3-phase systems.

Class A

The supply voltage unbalance is evaluated using the method of symmetrical components

.In

addition to the positive sequence component U4, under unbalanced conditions there also
exists at least one of the following components: negative sequence component U, and/or

zero sequence component U,.
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The fundamental component of the voltage input signal is measured over a 10-cycle ti
interval for 50 Hz power systems or a 12-cycle time interval for 60 Hz power systems.

me

NOTE 1 The effect of harmonics is minimized by the use of a filter or by using a DFT (Discrete Fourier

Transform) algorithm.

NOTE 2 Algorithms that use only the r.m.s. values to calculate unbalance fail to take into account

the

contributions of angular displacement to unbalance, and cause unpredictable results when harmonic voltages
are present. The negative sequence unbalance and zero sequence unbalance provide more precise and more

directly useful values.

The negative sequence unbalance ratio u, expressed as a percentage is evaluated by:

o _Us 100% — negailt-we sequence
Uy positive sequence

x100%

The zero-sequence unbalance ratio u, expressed as a percentage is evaluated by:

g :ﬂxmo%: Zero sequence

Uy positive sequence

x100%

NOTE 3 The zero sequence unbalance by definition is zero when phage-to-phase voltages are measu

that case.

(2) are acceptable.

— |Class S

sequence ratio u,. The evaluation of the z€ro-sequence unbalance ratio ug is optional,
mandatory.

5.7.2 Measurement uncertainty and:measuring range
— |Class A

The uncertainty shall be less"than +0,15 % for both u, and uy. For example, an instrum
presented with a 1,0 % negative sequence shall provide a reading x such that 0,85 %
<1,15 % (see Figure 5).

Acceptable measured value

True value
0,85 % 1,15 %

0% 109, 4 2% 3%

(1)

(2)

red.

However, the phase-to-neutral or phase-to-earth voltages can still contain’ the zero sequence componerjt in

NOTE 4 Any other methods that can be shown to be mathematically equivalent to Equation (1) and Equaltion

The manufacturer shall specify the algorithms_and methods used to calculate the negafive

hot

ent
< X

IEC

Figure 5 — Example of supply voltage unbalance uncertainty

— Class S
Same as Class A.

5.7.3 Measurement evaluation

No requirements.
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NOTE The uncertainty of measurement transformers, if present, may have a large impact on the calculation of
unbalance.

5.7

.4  Aggregation

Aggregation shall be performed according to 4.4 and 4.5.

5.8
5.8

Voltage harmonics

.1 Measurement method
Class A

The basic measurement of voltage harmonics, for Class A, is defined in IEC 61000-
Class I. IEC 61000-4-7 shall be used to determine a 10/12-cycle gapless fiarmo
subgroup measurement, denoted Usg,h in IEC 61000-4-7.

NOTE 1 Other methods, including analogue and frequency domain methods, can be preferred in spqg
cases (see, for example, IEC 61000-3-8).

Measurements shall be made at least up to the 50th order.

If the total harmonic distortion is calculated, then it shall be calculated as the subgrd
total harmonic distortion (THDSy), defined in IEC 61000-4-7.

NOTE 2 This measurement method generates a large amount of data, which, depending on the applicat
may need to be stored, transmitted, analysed, and/or archived. Depending on the application, the amour]
data may be reduced. To reduce the amount of data, consider applying statistical methods at the measu
location, or storing only extreme and average values, or storing detailéd data only when trigger thresholds
exceeded, or other methods.

NOTE 3 IEC 61000-4-7 refers to replacing the symbol ‘Y~by the symbol ‘I’ for currents, and by the syn
‘U for voltages. THDS , may be the preferred termingldgy for voltage THD. However, when searching
61000-4-7 document for information about these parameters, search for the symbol ‘Y.

Class S

The basic measurement of voltage harmonics, for Class S, is defined in IEC 61000-
Class Il. Gaps are permitted (see 45). The manufacturer shall select either a 10/12-cy
harmonic group designated Ugh in IEC 61000-4-7, or a 10/12-cycle subgrd

4-7
nic

cial

up

on,
t of
Fing
are

bol
the

4-7
cle
up

measurement designated Usgh in IEC 61000-4-7. The manufacturer shall specify which

has been selected.
Measurements shall be made at least up to the 40th order.

NOTE 4 The EN 5016Q assessment requires the 40" order.
If the total harmonic distortion is calculated, then it shall be calculated either as the tg

tal

harmonic distartion (THDy) if Y, , is selected, or as the subgroup total harmonic distorfion

(THDSYy) if Ygg.n is selected, both defined in IEC 61000-4-7.

NOTE 5 (TEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol ‘I’ for currents, by the symbol ‘Uj
voltagesyso U_, or U, . may be the preferred terminology. However, when searching the 61000
document for in?c')rmation about these parameters, search for the symbol ‘Y.

5.8

for
4-7

2~ Measurement uncertainty and measuring range
Class A
The maximum uncertainty shall be the levels specified in IEC 61000-4-7 Class I.

The measuring range shall be 10 % to 200 % of Class 3 electromagnetic environment in

IEC 61000-2-4.
Class S

The maximum uncertainty shall be twice the levels specified in IEC 61000-4-7 Class II.
The anti-aliasing low-pass filter specified in IEC 61000-4-7 shall be optional. The £0,03 %
maximum permissible error for time between leading edges requirement as specified in

IEC 61000-4-7 shall be optional, but the maximum uncertainty requirement shall still
met over the range of influence quantities specified in Clause 6 of this standard.

be
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The measuring range shall be 10 % to 100 % of Class 3 electromagnetic environment in
IEC 61000-2-4.

5.8.3 Measurement evaluation

No requirements.

5.8.4 Aggregation
Aggregation shall be performed according to 4.4 and 4.5.

NOTE To minimize storage requirements, after aggregation has been completed it may be practical to diseard|the
soufce data (such as 10/12-cycle or 150/180-cycle data) if it is no longer required.

5.9 Voltage interharmonics

5.9.1 Measurement method
— |Class A

The basic measurement of voltage interharmonics, for the purpese of this standard| is
defined in IEC 61000-4-7 Class |. IEC 61000-4-7 shall be used t¢ determine a 10/12-cycle
gapless centred interharmonic subgroup measurement, denoted-Ys, 1, in IEC 61000-4-7.

Measurements shall be made at least up to the 50th order,

NOTE 1 This measurement method generates a large amount of data, which, depending on the applicatjon,
may need to be stored, transmitted, analysed, and/or archived. Depending on the application, the amour]t of
data may be reduced. To reduce the amount of data, consider applying statistical methods at the measufing
location, or storing only extreme and average values, or storing detailed data only when trigger thresholds|are
exceeded, or other methods.

NOTE 2 IEC 61000-4-7 refers to replacing the symbaN'Y’ by the symbol ‘I’ for currents, by the symbol ‘U] for
voltages, so U, , or Uy , may be the preferred\terminology. However, when searching the 61000{4-7
document for inf%rmation about these parameters{/search for the symbol ‘Y.

— |Class S
The manufacturer shall specify thecmeasurement method.

5.9.2 Measurement uncertainty and measuring range
— |Class A
The maximum uncertainty shall be the levels specified in IEC 61000-4-7 Class I.

The measuring range shall be 10 % to 200 % of Class 3 electromagnetic environmeng in
IEC 61000-2-4.

— |Class S
The manufacturer shall specify the measurement uncertainty.

The_measuring range shall be 10 % to 100 % of Class 3 electromagnetic environmeng in
IEC.61000-2-4.

5.9.3 Evaluation

No requirements.

5.9.4  Aggregation

Aggregation shall be performed according to Clause 4.4 and Clause 4.5.

NOTE To minimize storage requirements, after aggregation has been completed it may be practical to discard the
source data (such as 10/12-cycle or 150/180-cycle data) if it is no longer required.
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5.10 Mains signalling voltage on the supply voltage
5.10.1 General

Mains signalling voltage, called “ripple control signal” in certain applications, is a burst of
signals, often applied at a non-harmonic frequency, that remotely control industrial equipment,
revenue meters, and other devices.

5.10.2 Measurement method
— Class A

The method described here shall be used for mains signalling frequencies below 3'kHz.
For mains signalling frequencies above 3 kHz, see IEC 61000-3-8.

This method measures the level of the signal voltage for a user-specified carfier
frequency.

NOTE The purpose of this method is to measure the maximum level of the signal~voltage, and nof to
diagnose mains signalling difficulties.

Mains signalling voltage measurement shall be based on:
— either the corresponding 10/12-cycle r.m.s. value interharmoni¢ bin; or

— the root of the sum of the squares of the 4 nearest> 10/12-cycle r.m.s. value
interharmonic bins (for example, a 316,67 Hz ripple control signal in a 50 Hz power
system shall be approximated by a root of the sum©f, the squares of 310 Hz, 315 Hz,
320 Hz and 325 Hz bins, available from the DFT performed on a 10/12-cycle time
interval).

The first method is preferred if the user-specified )frequency is in the centre of a DFT bin.
The second method is preferred if the frequency is not in the centre of a bin.

The user shall select a detection threshold\above 0,3 % Uy;, as well as the length of the
recording period up to 120 s. The begiAning of a signalling emission shall be detected
when the measured value of the concerned interharmonic exceeds the detection threshpld.
The measured values are recorded.during a period of time specified by the user, in orfler
to give the maximum level of the signal voltage.

— |[Class S
The manufacturer shall spegify the measurement technique.

5.10.3 Measurement uncertainty and measuring range
— |Class A
The measurement range shall be at least 0 % to 15 % of Uy;,,.

For mains Ssignalling voltage between 3 % and 15 % of Uy;,, the uncertainty shall pot
exceed+5. % of the measured value. For mains signalling voltage between 1 % and 3 %
of Ugipnthe uncertainty shall not exceed +0,15 % of Uy;,. For mains signalling voltage Igss
than_1 % of Uy;,, no uncertainty requirement is given.

- [Class §
The manufacturer shall specify the uncertainty and the measuring range.

5.10.4 Aggregation

Aggregation is not mandatory.

5.11 Rapid voltage change (RVC)
5.11.1 General

An RVC event is defined in 3.26 and is generally an abrupt transition between two r.m.s.
voltages. By definition, the two r.m.s. voltages must be “steady state”, a condition that is
defined in the method below.
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Dips and swells often begin or end with abrupt transitions between two r.m.s. voltages.
However, by definition these are not RVC events because they exceed the dip or swell
thresholds. Further guidance is found in the method below.

5.11.2 RVC event detection

Class A

An r.m.s. voltage is in a steady-state condition if all the immediately preceding 100/120

Urms(1/2) Values remain within an RVC threshold from the arithmetic mean of those
100/%20 Urms(1/2) Values. (“100/120” means 100 values for 50 Hz nominal, or 120 values
ful CC HL IIUIII;IIG:.)

The RVC threshold is set by the user according to the application, as a percentage. of 0;p.

NOTE 1 Thresholds in the range of 1 % to 6 % might be considered. In IEC TR 61000-3-7, for exafple, RVC
thresholds of 2,5 % to 6 % of Uy, for medium voltage are considered. In IEC 61000-3-3, RVC‘thresholdg of
3,3 % to 6 % for low voltage are considered. In both standards, the thresholds are linked (to, the number of
RVC events per hour or per day. In IEC 61000-4-15, a threshold of 0,2 % is considered fér| a“similar, but|not
identical, parameter.

The RVC hysteresis is set by the user according to the application, and-shall be less than
the RVC threshold.

NOTE 2 Hysteresis in the range of 50 % of the RVC threshold might be considered.
To initiate the RVC detection method:

* Aninitial set of 100/120 Uyy,g(1/2) values is recorded,

e The arithmetic mean of those values is calculated, then the RVC detection method
below is applied.

To detect an RVC event (see Figures 6 and 7);

e A ‘voltage-is-steady-state’ logic signal shall be created for each voltage channel. Tlhis
logic signal is true when the voltage<en that channel is in steady state, and fdlse
otherwise. This logic signal is detefmined from the Uy,g(1/2) values of each voltgge
channel, as follows. It is updated, for each new Uy q(1/2) value.

» Every time a new U;npgq1/2) ValUe is available, the arithmetic mean of the previgus
100/120 Uymg(1/2) values, inctuding the new value, is calculated.

e If every one of the previous 100/120 Ung(1/2) values, including the new value] is
within the RVC threshold (including the hysteresis, if applied) of the arithmetic mepn,
then the ‘voltage-is-steady-state’ logic signal for that channel is set to true; otherwise,
it is set to false,

e On a polyphase system, the combined ‘voltage-is-steady-state’ logic signal is the
logical-AND jof the ‘voltage-is-steady-state’ logic signal of each voltage channel.

e An RVYC:event begins when the ‘voltage-is-steady-state’ logic signal changes from
true-to.false.

e Mhen an RVC event begins, the RVC hysteresis is applied to the RVC threshold, and
changes to the voltage-is-steady-state logic signal are disabled for 100/120 Talf
cycles

e An RVC event ends when the ‘voltage-is-steady-state’ logic signal changes from false
to true. When an RVC event ends, the RVC hysteresis is removed from the RVC
threshold. The time stamp of the end of the RVC event is 100/120 half cycles prior to
the logic signal changing from false to true.

If a voltage dip or voltage swell is detected during an RVC event, including the disabled
100/120 half cycles, then the RVC event is discarded because the event is not an RVC
event. It is a voltage dip or voltage swell.

Class S

The method for Class S is the same as the method for Class A, but in Class S the use of
either Urmg(1/2) OF Urmg(1) Shall be selected according to 5.4.1. If Upy,g(4) is selected for
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5.1
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be ¢valuated based on 10/12 cycle aggregated values.

NO
two

Class S RVC, then “100/120”, which refers to half-cycles, shall be replaced throughout

the method with “50/60”, which refers to the equivalent number of full cycles.
1.3 RVC event evaluation

RVC event is characterized by four parameters: start time, duration, AU, ,, and AUgg.

max

Class A

e The start time of an RVC event shall be time stamped with the time that the ‘voltage-

is-steady-state’ logic signal became false and initiated the RVC event.

e The RVC event duration is 100/120 half cycles shorter than the length of time durj
which the ‘voltage-is-steady-state’ logic signal is false.

e The RVC event AU, is the maximum absolute difference between any of
Urms(1/2) Values during the RVC event and the final arithmetic mean 100/120 U,
value just prior to the RVC event. For polyphase systems, the AU
AU, ax ON any channel.

rms([i
max

e The RVC event AUy is the absolute difference between the figal arithmetic m
100/120 Uppyg(1/2) value just prior to the RVC event and theyfirst arithmetic m
100/120 Uymg(q/2) value after the RVC event. For polyphase systems, the AUg is }
largest AUgg on any channel.

[E 2 Other characteristics to evaluate an RVC event ateyunder consideration. For example, the AU oy ©

steady states. Recording the sequence of U, .values on each channel may be useful for deeper analysis.
Class S

The RVC event evaluation for Class S is the same as the method for Class A, but in Cla
S the use of either Uyyg(1/2) OF Uyms(1) Shall be selected according to 5.4.1 . If Urmsmg

selected for Class S RVC, then 100/120 half cycles shall be replaced throughout
event evaluation with 50/60full cycles.

“voltage is-steady-state” logicgignal

Voltage Umms

ng

he
/2)

is the largest

an
an
he

[E 1 It can be useful to count the number of RVC events in a certain/period. The period can be an hour bgsed
h fixed interval, or an hour based on a sliding interval comprising the‘miost recent 60 minutes sliding once|per
lte on the minute. The period can also be a “day” and based on.calendar time or based on a sliding intefval
conjprising the most recent 24 hours, sliding once per hour on the/hour.

uld

[E 3 In some cases, this RVC measurement method”may not fully characterize intricate variations between

Ss
is
he

100/120 Uppns(rs

Fnd
|
| »

11007120 Unnsgy
|

RVC event duration re—sl
RVG.thréshold event duration RVC threshold

wwwww A with hysteresis applied

Changes in “voltagesis-Steady-state” logic signal are disabled

-
“““““
---------

Arithmetic mean
of the previous ;
100/120 Upns(r,) values Urms( values

Dip threshold

Figure 6 — RVC event: example of a change in r.m.s voltage that results in an RVC eve
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“voltage-is-steady-state” logic signal

Changes in “voltage-is-steady-state” logic signal are disabled

»

A

Vortagq Urms

e — = = — — e — Tt

{

Arithmetic mean/F\r 4
of the previous

100/120 Urms() values

Urms(v) Values
Dip threshold

Figure 7 — Not an RVC event: example of a change in‘t.m.s voltage that does not restlt
in an RVC event because the dip threshold is exceeded

5.11.4 Measurement uncertainty

The uncertainty of an RVC event characterization is determined by the uncertainty of U ¢
mejasurements as described in 5.4.5.1, and-on the correct implementation of the method in
5.1|1.1 and 5.11.2.

5.12 Underdeviation and overdeviation

See Annex D (informative).

5.13 Current
5.13.1 General

In @ power quality context, current measurements are useful as a supplement to voltage
mejasurements; especially when trying to determine the causes of events such as voltage
maljgnitude'change, dip, interruption, or unbalance.

The&drrent waveform can further help associate the recorded event with a particular dei
and—an—actio st as—3 otorbeing—started—a—transformerbeingenergizedora—cara

being switcheé.

Linked with voltage harmonics and interharmonics, the current harmonics and interharmonics
can be useful to characterize the load connected to the network.

This standard does not define any trigger or threshold methods for current. If current changes,
but the change is not sufficient to trigger one of the voltage threshold methods, then that
change in current is not a power quality event.

NOTE Current transients are not considered in this standard. Some useful comments are provided in Annex A.
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5.1

5.1

3.2 Magnitude of current

3.2.1 Measurement

The manufacturer shall specify a full-scale r.m.s. current, taking into account a minimum ratio
between peak instantaneous value and r.m.s. value of 3,0.

NOTE This ratio is sometimes called “crest factor”.

5.1

5.1

NO
typi

cur

Class A
The basic measurement shall be the r.m.s. value of the current magnitude over a 10-cycle

time interval for a 50 Hz power system or a 12-cycle time interval for a 60 Hz poi/er
system. The boundaries of any current measurement interval shall be determined by, and
identical to, the boundaries of the interval for the corresponding voltage channel.

Class S
The manufacturer shall specify the r.m.s. measurement method and time_interval used.

NOTE More detailed requirements for Class S are under consideration.
3.2.2 Measurement uncertainty

Class A

The measurement uncertainty shall not exceed 1 % of reading in the range of 10 %4 to
100 % of the specified full-scale r.m.s. current.

NOTE This uncertainty requirement does not take into accounf unhcertainties introduced by current sensprs.
Guidance on sensors can be found in in IEC 61557-12:2007,Annex C or Annex D.

Class S

The measurement uncertainty shall not exceed 2 % of reading in the range of 10 %4 to
100 % of the specified full-scale r.m.s. current.

3.2.3 Measurement evaluation

[E For single-phase systems, there is a.single r.m.s. current value. For 3-phase 3-wire systems, there|are

Cally three r.m.s. current values; for 3-phase 4-wire systems, there are typically four current values. The efprth
curfent may be measured as well, either-by measuring current in an earth conductor or by determining resigual

ent.

Class A

5.1

Aggregation intervals as described in 4.4 and 4.5 shall be used.

For each current channel, the current aggregation intervals shall be determined by, and
identical to, the aggregation intervals of the corresponding voltage channel.

Class S
The manufacturer or the user shall specify the measurement intervals.

|3.3 Current recording
A

If current measurement methods are implemented, then whenever a voltage channel is
recorded, the corresponding current channel shall also be recorded with timing
determined by, and identical to, the corresponding voltage channel (for example, if
Urms(1/2) is recorded, /;,¢(1/2) shall also be recorded, with all timing aspects of the current
measurement determined by the timing of the corresponding voltage channel).

Class S
The manufacturer or the user shall specify when the current will be recorded.
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3.4 Harmonic currents
Class A

The basic measurement method and accuracy of current harmonics, for the purpose of
this standard, are defined in IEC 61000-4-7. Use that standard to determine a 10/12-cycle

gapless harmonic sub-group measurement, denoted Ysg.h

NOTE 1 IEC 61000-4-7 refers to replacing the symbol ‘Y’ by the symbol | for currents, by the symbol ‘U’
, may be the preferred terminology. However, when searching the 61000-4-7 document for

voltages, so Isg,

information about these parameters, search for the symbol ‘Y’. Aggregation intervals as described in 4.4
4.5 are used.

for

and

A 10/12-cycle current harmonic measurement is marked "flagged" if either a voltage-dif

voltage swell (see 5.4) or a voltage interruption (see 5.5) occurs during this time interval.

NOTE 2 This measurement method generates a large amount of data, which, depending on the.applicat
may need to be stored, transmitted, analysed, and/or archived. Depending on the applicationi\the amoun
data may be reduced. To reduce the amount of data, consider applying statistical methods,‘'af) the measu
location, or storing only extreme and average values, or storing detailed data only when trigger thresholds
exceeded, or other methods.

Class S
The manufacturer shall specify measurement and aggregation methods.

3.5 Interharmonic currents
Class A

or

on,
t of
Fing
are

The basic measurement method and accuracy of curkent interharmonics, for the purpgse

of this standard, are defined in 61000-4-7. Use that\standard to determine a 10/12-cy
gapless centred interharmonic sub-group measurements, denoted Yigg .

Aggregation intervals as described in 4.4 and 4.5 shall be used.

A 10/12-cycle interharmonic current measurement is marked "flagged" if either a voltﬁe

dip or a voltage swell (see 5.4), or a voltage interruption (see 5.5) occurs during this ti
interval.

NOTE 1 This measurement method genefates a large amount of data, which, depending on the applicat
may need to be stored, transmitted, analysed, and/or archived. Depending on the application, the amoun
data may be reduced. To reduce the.amount of data, consider applying statistical methods at the measu
location, or storing only extreme and\average values, or storing detailed data only when trigger thresholds
exceeded, or other methods.

NOTE 2 IEC 61000-4-7 refers.to replacing the symbol ‘Y’ by the symbol | for currents, by the symbol ‘U]

voltages, so Isg , may be the preferred terminology. However, when searching the 61000-4-7 document

information about these\parameters, search for the symbol ‘Y".
Class S
The manufacturer shall specify measurement and aggregation methods.

3.6 Current unbalance
Class*A
The basic measurement method for current unbalance shall be identical to

cle

e

on,
t of
Fing
are

for
for

the

measurement method for supply voltage unbalance in 5.7.

Aggregation intervals as described in 4.4 and 4.5 shall be used. A 10/12-cycle current
unbalance measurement is marked "flagged" if either a voltage dip or a voltage swell (see

5.4), or a voltage interruption (see 5.5) occurs during this time interval.
Class S
The manufacturer shall specify measurement and aggregation methods.

Performance verification

Performance verification for Class A and Class S measurement methods may be found in
IEC 62586-2, which includes influence quantities and performance verification tests.
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Table 1 provides an informative summary of the requirements for Class A and Class S. In
case of any conflict between Table 1 and the normative clauses of this document, the
normative clauses prevail.

Note that compliance with the requirements in Table 1 is not sufficient for certification to this
standard. The measurement and aggregation methods in this standard shall also be met.

Table 1 — Summary of requirements (see subclauses for actual requirements)

SUbCIause Measurement Measurina Influence Aaareaatio
and Class method Uncertainty range? quantity range® method
parameter
42,5 Hz to 57,5
A See 5.1.1 +10 mHz Hz, IEC 62586-2 N/R
5.1 51 Hz to 69 Hz
ffrequency 42,5 Hz to 57,5
S See 5.1.1 +50 mHz Hz, IEC 62586-2 N/R
51 Hz to 69 Hz
0, 0,
5.2 A See 5.2.1 0,1 % Uy, 10 /°[tj°150 % [EC'62586-2 See 4.4 and 4.5
din
Mpgnitude of o o
the supply S See 5.2.1 +0,5 % of Ugin 20 /o(t]0120 ~ IEC 62586-2 See 4.4 and 4.5
din
5.3 A IEC61000-4-15 | IEC 61000-4-15 0.2 PS}DtO 0.0 IEC 62586-2 IEC 61000-4415
st
Flicker
S IEC61000-4-15 See 5.3.2 04 P, to 4,0 P, | IEC 62586-2 IEC 61000-4415
Amplitude
+0,2 % U,
A Urms(1/2) Duration idlq N/A N/A N/R
5.4 cycle
Dips and Amplitude +1 %
swells of Ugin
S See 5.4.1 Duration + 1 N/A N/A N/R
cycle or £ 2
cycles
Duration + 1
55 A Uinsrir2) cycle N/A N/A N/R
. Duration + 1
Interruptions | g See 5.5.1 cycle or + 2 N/A N/A N/R
cycles
Symmetrlctal. 0.5 % to 5 % u,
A components: 0,15 % , . IEC 62586-2 | See 4.4 and 4.5
57 U, and U, 0,5 % t0 5 % u,
Wnbalance ;
Symmetrlcal_ 1%1t05 % u
components: 2
S S +0,3 % 1 %to 5 % u. if IEC 62586-2 See 4.4 and 4.5
optionally U implemented
10 % to 200 %
A See 5.8.1 IEC61000-4-7 | "¢ Class 3 0f | IEC 62586-2 | See 4.4 and 4.5
58 Class | IEC 61000-2-4
Lyoltage 200 % of 10 % to 100 %
S See 5.8.1 IEC 61000-4-7 of Class 3 of IEC 62586-2 See 4.4 and 4.5
Class Il IEC 61000-2-4
10 % to 200 %
59 A See 5.9.1 |Ecg|1305050|-4-7 of Class 3 of | IEC 62586-2 | See 4.4 and 4.5
Voltage inter- IEC 61000-2-4
harmonics S SBM SBM SBM IEC 62586-2 | See 4.4 and 4.5



https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

- 38 - IEC 61000-4-30:2015 © IEC 2015

Subclause Measurement Measurin Influence Aggregation
and Class Uncertainty a 9 . b ggreg
method range quantity range method
parameter
. 0, 0,
5.10 Mains A See 5.10.2 See 5.10.3 0% os % | IEC 62586-2 N/R
signalling din
voltage S SBM SBM SBM IEC 62586-2 N/R
5.11 A See 5.11.2 See 5.11.3 See 5.11.3 N/A N/R
Rapid voltage
change S See 5.11.2 See 5.11.3 See 5.11.3 N/A N/R
See-5-43-2- 0% FS (o
5.13 A Crest factor of 3 1% 150 % FS N/A N/R
Current is required
S N/R N/R N/R N/A N/R
Annex C A See Annex C +1V +50 V pk N/A See Annex C
2fkHz10150 | 4 N/R N/R N/R N/A N/R
kHz
H [
Transient A N/R N/R N/R 6 kV/pk N/A
voltages
IEC 61180 S N/R N/R N/R N/R N/A
(9
Fast transients A N/R N/R N/R 4 KV pk N/A
IE[61000-4-4 S N/R N/R N/R N/R N/A

Specified by manufacturer

SB’I/I
N/

N/A

no requirement

not applicable
2 |The instrument shall meet the uncertainty requirements for signals within the measuring range.

The instrument shall tolerate signals in the influence quantity range without shifting the measurement of other
parameters out of their uncertainty requiremgnt, and without instrument damage. The instrument may indicpte
overrange for signals greater than the measuring range, up to the influence quantity range (not includjng
transients and fast transients).

¢ |For transient voltages and fast transients, there shall be no effect on any measurement after the transignt.
The transients are applied to theymeasuring terminals, not to the instrument power terminals.
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A1

Annex A
(informative)

Power quality measurements —
Issues and guidelines

General

Anpex A is provided as an informative complement to the normative part of this standard:

A

g

Cc

quality measurements regardless of the purpose of the measurements:

A

Cc

=

A.2 Installation precautions

A.2

uses A.2 and A.3 address general concerns and procedures for implementatiof of po

Clause A.2 — Installation precautions
Clause A.3 — Transducers

uses A.4 and A.5 are pre-normative measurement methods:

Clause A.4 — Transient voltages and currents
Clause A.5 — Voltage dip characteristics

1 General

ver

During installation of power quality (PQ) measurement instruments, the safety of the instajler

and others, the integrity of the system being monitored and the integrity of the instrum

itsq

WH
pra
coq

If have to be ensured.

ent

ile many installations are temporary in nature and consequently may not utilize the sa

e

ctices as for permanent installations, local codes should never be compromised. Ldcal
es, regulations and safety practices will cover most of the items below and will always

take precedence over the(precautions listed here. All local and national safety requirem
shall be followed (for example, personal protective equipment requirements).

r,

A.Z

A.2

Fo
me

.2 Test leads
.2.1 General
safety,"IEC 61010, which gives the safety requirements for electrical equipment

asurement, control and laboratory use, applies.

nts

for

Test lead connections made in load centre panel boards or junction boxes will be attached in
a manner that does not violate the listed use of the devices to which they are attached. This
generally includes returning doors, cover plates and access panels to their in-use position
(i.e., closed, mounted with a full set of screws, etc.). If panels remain open during monitoring,
adequate means will be provided to limit access to the area and inform others about the

mo

nitoring set-up and the responsible on-site contact.

It is for most cases recommended that the PQ measurement instrument be attached to a

poi

nt in the system specifically designed for measurements or metering.

Test leads will be routed away from exposed conductors, sharp objects, low- and high-
frequency electromagnetic fields, and other adverse environments. If possible, they will be
strapped or tied to a solid object to prevent inadvertent disconnection.
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A.2.2.2 Voltage test leads

Leads that are fused at the probe end, i.e. the end connected to the system being monitored,
increase the safety of the connection. The instrument manufacturer has to specify the fuse
size; this will be low enough to protect the test lead against overload conditions. Furthermore,
the interrupting capacity of the fuse will be consistent with the available power-frequency
fault current at the point of connection.

Voltage sense leads should not be casually twisted around existing wires or inserted in

Instead, a
yrated-and aHed+ arteat€o O otHd-beused—W ps—are—dseeqfor
porary installations, they should comply with IEC 61010. It is essential to ensure both\that
thel clip is rated for the maximum voltage that may be present and that it is instatled in a
mechanically secure manner. During installation, the installer will consider what will happep if
the clip is inadvertently dislodged, for example, by an abrupt tug on the cable.

Some test leads have insulated plugs capable of being stacked one on\iop of the other.
Caltion should be exercised so that when stacking, only intentional connections are made
rather than creating an inadvertent short circuit. Always double-check”the leads to enspjre
that short circuits have not been introduced. Also, connect the sensefeads to the monitofed
cir¢uit only after the leads have been connected to the PQ instrument and checked [for
cofrectness.

A.2.2.3 Current test leads
Cale should be taken that the secondaries of current transformers, if used, do not become

opén circuit, i.e. there should be no fuse in the Jsecondaries of such circuits, and fhe
comnection to the burden should be mechanically Secure.

Clgmp-on current transducers and associatéd leads, used for temporary installations, shofuld
be |designed according to IEC 61010-2-032.

A.2.3 Guarding of live parts

Often panel covers are removed for installation, or during the monitoring period. If so, all live
pafts will be adequately protécted and the area will be kept inaccessible. If screw terminals
arg used in the measureément instrument, appropriate covers will be used to insulate the
terminations. All attachments to terminations will be made in accordance with fhe
specifications and intent of the terminations. For example, multiple wires should not|be
connected to a screw/terminal designed for a single wire.

A.2.4 Monitor placement

The PQmeasurement instrument needs to be placed securely to minimize the risk of the
insfrument moving or loosening connections. If a paper printer is used for reporting distyrb-
angesjy“adequate precautions should be taken to ensure that accumulating paper does hot
present a hazard. Measurement instruments will not be Teft where excessive heat, moisiure or
dust may damage the instrument, or jeopardize the data collection process.

The measurement instrument will be placed so that it does not pose a hazard to those
working in the area. A protective enclosure or barrier can sometimes be used to alleviate this
concern. If possible, the measurement instrument will not be placed in a location where it will
be exposed to many people, for example, in a heavily travelled hallway.

Also, the location should not pose an undue hazard to the person installing the PQ
measurement instrument. There are many locations that are too cramped, or in other ways
physically constrained, to allow suitable connection of instrument leads. In these situations,
an alternative location will be selected.
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A number of external environmental factors can affect the performance of a PQ measurement
instrument. These environmental factors include temperature, humidity, low- and high-
frequency electromagnetic fields, static discharge, mechanical shock and vibration.

A.2.5 Earthing

All instruments are capable of developing internal faults. The instruments’ power supply will
be properly connected to a protective earth if declared necessary by the manufacturer. Many
safety regulations also require an earth connection associated with the voltage test leads.
Instruments with two or more earth connections (for example, one earth connection for the

- Py a1 o othe S, RC e eat Sum eate SLACARRAS 6P i RC "rth
nections are made to different physical points outside the instrument. The riskfrom
grdund loops on the measurements and on the system being measured will need\to|be
canefully considered.

There is also a need to consider the potential hazard to personnel and the instrument dug to
high potentials between different points in the grounding system. The\ use of isolafing
trapsformers for the power supply of the instrument is in most cases useful.

In all cases, safety considerations will take the highest priority.

A.2.6 Interference

If the PQ measurement instrument is connected to a mobile ‘phone or other radio transmitier,
ong¢ should take care that the transmitter antenna is, sGfficiently far away from devices that
coyld be sensitive to interference. Such sensitive~dévices can include protection devides,
meldical monitors, scientific instruments, etc.

A.3 Transducers

A.3.1 General

Power quality measurement instruments, especially those in portable packages, are generally
prdvided with inputs designed for low-voltage applications. Some permanently installed PQ
me[surement instruments are ;mounted at a distance from the point of the circuit where fhe

pajameters are to be measured. In both cases, a suitable transducer might be needed] to
step down the voltage, to isolate the input circuits from the system voltage, or to transmit fhe
sighals over some distance. To accomplish any of these functions, a transducer may be used,
prdvided that its characteristics are suitable for the parameter of interest.

In low voltage)systems, PQ measurement instruments are generally connected directly to the
voltage pointyof interest, but transducers are often used for current measurements.

In medium and high voltage systems, transducers are used for both voltage and current PQ
mejasurements.

There are two important concerns when using transducers:

— signal levels: signals levels should use the full scale of the instrument without distorting or
clipping the desired signal;

— frequency and phase response: these characteristics are particularly important for
transient and harmonic measurements.

In order to avoid incorrect measurements the full-scale rating, linearity, frequency and phase
response, and burden characteristics of the transducer should be carefully considered.

NOTE Current transducers designed for protection purposes may be less accurate than metering transducers.
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A.3.2 Signal levels
A.3.2.1 Voltage transducers

The most common voltage transducer is the voltage transformer. Two types of voltage trans-
formers can be considered: those used by protective relay circuits, and those used by
metering circuits. The first type is sized so as to provide a correct response even in the case
of overvoltages due to an unbalanced short circuit. The second, in contrast, is designed to
protect meters from network overvoltages. In the latter category, in case of saturation,
distortion of the delivered signal will occur.

WHere monitoring is attached to a voltage transformer which is also used for other functians
(for example, metering), one should be careful that the additional burden does not affect the
caljbration or uncertainty of such other functions.

Ong should be careful when making connections to the secondary circuit of) a’ transformer
used for a protective relay. Connection errors might cause the relay to inadyertently trip.

NOTE For further details of the uncertainty of voltage transformers, see |[EC 60044-2-
A.3.2.2 Current transducers

Gujdance about effects of current transducers may be found i IEC 61869.

In the operation on the power system network, the value.of the current can range from ( to
thel short-circuit level of the network being monitored, The short-circuit current value can|be
we|l above the nominal current level. A value of 20.fimes nominal is not unusual.

The most common type of current transducer is_the current transformer.

Some current transformers are equipp€d with two or more cores and/or two secondpry
wirl[dings: one for large current flows (20 times to 30 times the nominal current), typically|for
prdtection relays, and a second for\nominal current flows. The correct secondary should|be
selected for the intended measurement. With direct connections, it is possible to damage the
mefasuring instrument during faulis if the wrong secondary has been selected; this dam}/ge

can inadvertently provide an ©pen circuit on the transformer secondary. Open circuits on fhe
se¢ondary winding of currént-transformers can give rise to dangerously high (and destructive)
voltages.

WHere practical the-user should take measures to ensure that the conductor is centraliged
through the window of the current transducer and that the conductor is orthogonal to the
wirldow. The~proximity of adjacent conductors should also be considered and the distapce
maximized(ifypossible.

NOTE/ Feor further details of the uncertainty of current transformers, see IEC 61869-1 and IEC 61869-2.

Measurements of transients can be performed with shunis or current fransformers designed
for high-frequency response.

Coaxial shunts are routinely used in laboratory environments but have the disadvantage of
requiring insertion into the current-carrying conductors, and the fact that the output signal of
the shunt is not isolated from the power circuit. On the other hand, they are not susceptible to
the saturation and residual magnetization that can affect measurements made with current
transformers.

Current transformers operating with a suitable resistive burden deliver a voltage signal
proportional to the primary current. In general, the primary consists of one or a few turns of
the primary circuit fed through an opening in the core. The major advantage of these current
transducers is to provide isolation from the power circuits, and a wide range of ampere-to-volt
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ratios. Another advantage is that some (but not all) current transformers do not require the
disconnection of the power conductor from its load during installation.

Other types of current transducers are sometimes used, including optical polarization

de

tectors and Hall-effect transducers.

A.3.3 Frequency response of transducers

A.3.3.1 Frequency and phase response of voltage transducers
In ; = i nd
trapsient responses suitable up to typically 1 kHz; but the frequency range may sometimes|be

limjted to well below 1 kHz, and sometimes may extend to a few kHz.

Simple capacitor dividers can have frequency and phase responses that are uitable ug to

hu
int

me

of

mejasurement instrument can influence the frequency and phase response of the resis

VO

A.3.3.2 Frequency and phase response of current-transducers

As
ac
se

Registive voltage dividers may have frequency and phase response-suitable up to hundrrds
i

ntionally added, making the frequency response of the capacitive divider unsuitable [for

{dreds of kHz or even higher; however, in many applications a resopant circuit| is
surements at any frequency other than the fundamental.

he
ive

Hz. However, they may introduce other problems, for example; the capacitive load of

Iltage dividers.

current transformers are wound electromagnetic“devices, the frequency response valjies
g¢ording to the uncertainty class, type (manufacturer), turns ratio, core material and crojss-
¢tion, and the secondary circuit load.

Uspally, the cut-off frequency of a current transducer ranges from 1 kHz to a few kHz, and

thel phase response degrades as the eut-off frequency is approached.

New concepts of current transducers with higher cut-off frequency and better linearity pre

be
ful

A.3.4 Transducers forrmeasuring transients

Th

ing developed (optical and«Hall-effect transducers). Insulation coordination, noise issues,
IFscale capability, and safety conditions should be carefully considered.

ere are two important concerns that should be addressed when selecting transducers |for

a.cl mains transients. First, signal levels should use the full scale of the instrument withput
distorting or clipping the desired signal. Second, the frequency response (both amplitude and

ph

a)

b)

ase) of the_transducer should be adequate for the expected signal.

Voltage transducers (VTs)

197VTs should be sized to prevent measured disturbances from inducing saturation. For

6 equen a en 2 SYels Ree—poit—-o apsduycersaturation

curve

2) The frequency response of a standard metering class VT depends on its type and the
burden applied. With a high impedance burden, the response is usually adequate to at
least 2 kHz, but it can be less.

3) Capacitively coupled voltage transformers generally do not provide accurate
representation of any higher frequency components.

4) High-frequency transient measurements require a capacitor divider or pure resistive
divider. Special purpose capacitor dividers can be obtained for measurements
requiring accurate characterization of transients up to at least 1 MHz.

Current transducers (CTs)
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1) Selecting the proper transducer for currents is more difficult. The current in a
distribution feeder changes more often and with greater magnitude than the voltage.

2) Standard metering-class CTs are generally adequate for frequencies up to 2 kHz

(phase error can start to become significant before this limit). For higher frequenci

es,

window type CTs with a high turns ratio (doughnut, split core, bar type, and clamp-on)

should be used.

3) Additional desirable attributes for CTs are: a large turns ratio, for example, 2 000:5;
less than 5 turns in the primary; small remnant flux, for example, 10 % of core
saturation; large core area; minimal secondary winding resistance and leakage

impedance. When using a CT to measure transients there are 2 key parameters

at

pef
A.4

A.4

Clg
tra

Trs
as
Th
suli

A.4

A.4

need to be considered, current-time product (/-¢+ max) and rise time/droop. Typ
values of the rise time (10 % to 90 %) are in the range of 2 ns to 200 ns. Typical drq
values range from 0,1 %/ps to 0,5 %/ms.

HV systems high-frequency and transient voltage measurements may sometimes
formed using capacitive taps often available on CTs and transformer bushings.

Il Transient voltages and currents

1 General

use A.4 is primarily focused on transients occurring in LV'\systems and does not co
hsients from GIS1 installations or HV systems.

nsients can occur on all a.c. power systems. Traditionally, they have been characteri:

'transient voltages"; however, in many cases, the-ttansient current may be more import
b detection, classification, and characterization/of transient voltages are challeng
jects.

.2 Terms and definitions

2.1

tra

peftaining to or designating a~phenomenon or a quantity which varies between
consecutive steady states duringva time interval short when compared with the time-scale

int
[SQ

A.4
su
tra
inc

[SQ

sient, adjective and noun

rest

DURCE: IEC 60050-161:1990, 161-02-01]

2.2

ge

nsient voltage wave propagating along a line or a circuit and characterized by a ra

rease followed by a slower decrease of the voltage

URCE: IEC 60050-161:1990, 161-08-11]

cal
op

be

ver

red
Aant.
ing

WO
of

A.4.3 Frequency and amplitude characteristics of a.c. mains transients

Transients in a.c. power circuits occur over a wide range of waveforms, amplitudes, and
duration. It is difficult to describe these by a simple set of parameters, but obtaining their
signatures allows them to be classified into a few typical waveforms that are used for test
purposes. Figure A.1 shows the frequency spectrum of several representative test waveforms
in general use. This information is useful in developing algorithms that will be necessary for
appropriate reduction of the analogue signals into the digital recordings and data processing
of these events.

1

Gas-insulated switchgear.
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Figure A.1 — Frequency spectrum of typical representative transient test waveforms

both voltage and current, the spectra of common test wayveforms for a.c. mains transig
tain frequencies that range up to approximately 10 MHz (lasting for 200 us), with la
plitudes up to 1 MHz (lasting for 2 ms). For ¢end-use a.c. mains connections,
plitudes of common test waveforms range up to_ 6 kV, and up to 5 kA.

e sampling rate should therefore be at least.twice the maximum frequency of the wavefq

nts
Fge
the

rm;

D, the corresponding anti-alias filter sheuld have appropriate characteristics. See also

.4 for further information related to transient measurement.

4 Transient voltage detection

b

Th
an

is the main concern, transient measurements are generally made from phase-to-earth. W
insfrument damage is the primary concern, transient measurements are generally made fr
phase-to-phase or from ‘phase-to-neutral.

So

results of a transient measurement depend both on the actual nature of the transie
on the parameters selected by the user and reported by the instrument. When insula

7

me of the detection methods and examples of application include

the comparative method: when a fixed, absolute threshold is exceeded, a transien
detectedy for example, surge protective devices (SPDs) that are sensitive to the tq
voltage;

:I:on
en

nt,

om

is
tal

the” envelope method: similar to the comparative method, but with the fundamental

removed prior to analysis, for example, in cases of capacitive coupled transients;
the sliding-window method: the instantaneous values are compared to the correspond

ing

values on the previous cycle, for example, low-frequency switching transients associated

with capacitive banks used for power factor correction;

the dv/dt method: when a fixed, absolute threshold of dv/d¢ is exceeded, for example,

mistrigger of power electronics circuits or non-linear distribution on inductor winding;

the r.m.s. value: using very rapid sampling, the r.m.s. value is computed for intervals
much less than one fundamental period, and compared to a threshold, for example, when
further computations are desirable such as energy deposition in an SPD or charge

transfer;

other methods such as frequency versus amplitude measurements (Discrete or F
Fourier Transform, wavelet, etc.).

ast
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A.4.5 Transient voltage evaluation

Once the transient has been detected using the methods above, it can be classified. Some
classification methods and parameters include

the peak voltage and/or current. Note that the peak value is also influenced by the
measurement interval,

the overshoot voltage;

the rate of rise (dv/d¢ or di/d¢) of the leading edge;

— frequencvy narameters:
=1 PA Y

— |the duration. This is a difficult parameter to define, due to damping, irregularity of wal/e-
forms, etc.;

— [the damping coefficient;

— |the frequency of occurrence;

— |the energy and power, available or conveyed;

— |the continuous (every cycle, such as notches) or single-shot (unpredictable) transients.

All| of these numerical parameters are helpful in developing a‘classification system| to
degcribe the transient environment in statistical terms.

On|the other hand, especially when trouble-shooting, a signature can describe in one graphic
regresentation several of these hard-to-quantify parameters.

A.4.6 Effect of surge protective devices on trapsient measurements

Sufge protective devices (SPDs) are shunt-connected components that conduct when a
threshold voltage is exceeded. They are commonly used to limit transient voltages. They may
be|found in plug-in mains filtering devic€s; and are often included as part of a sensifive
electronic device, such as a personal computer.

Begause all SPDs on a mains circuit are effectively connected in parallel, the one with the
lowest limiting voltage will (within-its performance capabilities) limit all transient voltageq to
its |limiting voltage and divert the largest portion of the transient current impinging on the
facjlity. Consequently, measuring transient voltages in many environments — offices, laps,
facftories, etc. — is of limited use: one is simply measuring the threshold voltage of one of the
majny SPDs that are present.

For this reason,the transient current is often a better measure of the severity of a.c. system
trapsients thanithe transient voltage.

A.% Voltage dip characteristics

A.5.1 General

Voltage dips are generally acknowledged to be a common power quality event.

The normative part of this standard characterizes voltage dips by two characteristics, depth
(or residual voltage), and duration. It derives these characteristics from one-cycle r.m.s.
values that are updated each half-cycle.

However, voltage dips are rarely rectangular, i.e. the U, value often varies during the dip,
and limiting the characteristics to depth and duration can obscure useful information, for
example, voltage dips due to motor-starting or due to transformer energizing during which
there is a smooth transition between the dip and normal operation.
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Ultimately, the greatest amount of information is available in waveforms recorded during the
voltage dip. But characteristics are a useful way of reducing data, interpreting and
categorizing events.

Multiple dips may occur, for example, during a failed attempt to auto-reclose and re-energize
a faulty line section. Events that occur at approximately the same time may be counted as a
single event.

Depending on the purpose of the measurement, other characteristics in addition to depth and
duration should be considered.

A.5.2 Rapidly updated r.m.s values

During a voltage dip, it may be useful to calculate 1-cycle r.m.s values that are updated mpre
frequently than every half-cycle (as specified in the normative part of standard){ For example,
it may be useful to update the 1-cycle r.m.s. value 128 times each cycle: [Fhis approach
allaws more precise identification of the beginning and end of the voltage-dip, using simple
thresholds. The drawbacks are increased data and processing and introducing a possibly
migleading sliding filter.

R.m.s. voltage values correctly reflect the available power into a resistive load. Howeyer,
electronic loads are not directly sensitive to r.m.s. voltage, instead, they are generglly
sensitive to voltage near the peak of the waveform, and afe insensitive to other parts of fhe
wapeform. Algorithms other than r.m.s. may be useful to‘evaluate the effects of a voltage dip
on [electronic loads.

A.§8.3 Phase angle/point-on-wave

For some applications, for example, electro-mechanical contactor drop-outs, the phase anlgle
at which a voltage dip begins is an importan? characteristic, which is sometimes called po|nt-
on{wave.

This phase angle can be determined\by capturing the pre-dip and during-dip waveforms, then
examining them for the point atwhich the waveform deviates from the ideal by, for example,
10|%, then backing up along'the waveform with a narrower threshold, for example, 5 %] to
thel beginning of the dip. Thisvalgorithm is highly sensitive for finding the exact beginning qf a
voltage dip, without triggering on minor non-dip variations.

A similar algorithm| may be used to find the end of the dip. In addition to phase-anjgle
information, this approach also permits the dip duration to be calculated precisely, with a
resolution much finer than one cycle.

Alslo, advanced signal-processing techniques are capable of detecting the exact beginning of
a vpltage dip.

A.5.4 Voltage dip unbalance

Even very brief unbalance can damage 3-phase rectified loads, or cause over-current devices
to trip. Three-phase dips are often unbalanced. With the rapidly updated r.m.s values
described in A.5.2, it is often useful to calculate 3-phase unbalance during a dip. The
unbalance often varies during a dip, so the unbalance might be presented in a graphic form,
or the maximum unbalance during a dip might be presented.

It may be useful to analyse separately the zero sequence, negative sequence, and positive
sequence of the fundamental frequency during an unbalanced dip. This approach yields
information about how the dip propagates through the network and can be useful in
understanding simultaneous dips and swells on different phases.
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A.5.5 Phase shift during voltage dip

In some applications, for example, 3-phase rectifiers, the phase shift of the voltage dip can
be important. Such a phase shift may be measured by, for example, a DFT applied to the
cycle prior to the commencement of the dip, and another cycle after the commencement of
the dip. If this approach is taken throughout the dip, a maximum phase shift during the dip
may be calculated. The phase shift at the conclusion of the dip may also be useful. In some
applications, for example, phase-locked-loop stability, it may be useful to calculate the
maximum slew rate (d@/d¢) of the phase angle during the dip.

untbalance by calculating the magnitude and phase angle of zero-sequence, negati
sequence and positive-sequence components during an unbalanced dip.

A.5.6 Missing voltage

This characteristic of a voltage dip may be calculated by subtracting the dip waveform from
an|ideal waveform, with amplitude, phase, and frequency based on the pre-dip data. Tlhis
characteristic can be useful for analysing the effect of the dip on voltage restoration devices,
forlexample.

A.8.7 Distortion during voltage dip

The¢ voltage during a dip is often distorted, and the\distortion may be important |for
undlerstanding the effect of the dip on electronic devices: Traditional methods such as THD
maly be considered for describing this distortion, bat THD compares the distortion to the
fundamental which, by definition, is rapidly varying. during a dip. For this reason, it may|be
mofre useful to evaluate distortion during a dip{ simply as the r.m.s. value of the npn-
fundamental components.

The presence of even harmonics during or\after the dip may point to transformer saturation.

A.3.8 Other characteristics and references

This list of voltage dip characteristics is not exhaustive. Other characteristics, not identified
hefe, may be useful for analysing the effects of voltage dips on various types of loads, confrol
deyices, and correction devices. For further details and examples the reader is encouraged to
refer to the following publications: IEC TR 61000-2-8 and IEEE 1159.
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Annex B
(informative)

Power quality measurement —
Guidance for applications

B.1 Contractual applications of power quality measurements

B.1.1 General

Clduse B.1 provides guidance on the measurement of power quality (PQ) for «ontracfual
punposes; it highlights factors that should be considered by the concerned partigs:

NOTE The description of voltage quality parameters is discussed below.

It i$ recommended that B.1.2 should be consulted prior to entering into,'a PQ contract, wHilst
B.1.3 should be consulted prior to performing PQ measurements toctest compliance with fhe
comntract terms.

B.1.2 General considerations

The¢ terms specified in the contract will need to beboth achievable by one party and
acgeptable to the other. The starting point for a PQ, contract should be a PQ standard| or
specification. Consideration should be given to the) planning and indicative values in fthe
relevant IEC standards, for example, IEC 6100042-2, IEC 61000-2-4, IEC 61000-2-12 and
paits of IEC TR 61000-3-6 and IEC TR 61000-3-7, and IEC TR 61000-3-13.

In prder to ensure that the results are representative of normal system operating conditions,
thel PQ measurement survey may discount but not discard data at times when the supply
network is subject to severe disturbance resulting from
— |exceptional weather conditions;

— |third-party interference;

— |acts by public authorities;

— |industrial action;

— |force majeure;

— |power shortageés resulting from external events.

The contract/should specify whether flagged data, as described in the normative part (see §.7)

in [this ~standard, should be excluded from the analysis when assessing the results [for
contract compllance If flagged data are excluded, the measurement results will generally be

dlrectly to a contractual value If fIagged data is mcluded the measurement resuItstI
generally be more directly related to the effects of power quality on sensitive loads, but will
be far more difficult or even impossible to compare to any contractual values.

NOTE Flagged data indicate that a disturbance might have influenced the measurement and that consequently a
single disturbance might have affected multiple parameters.

When PQ measurements are considered necessary to assess compliance of the supply
against contract terms, it is the responsibility of the party that considers the measurements
necessary to arrange for them to be performed, if permanent monitoring is not already
available. However, this should not preclude the contract from detailing who should perform
the measurements. There might be a need to consult third parties.
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The contract should indicate how the financial cost of the measurements is to be borne by the
concerned parties. This can be dependent upon the measurement results.

The terms of this contract should specify the duration of the contract, the measurement time
interval, the PQ parameters to be measured and the electrical location of the measuring
instrument(s). See B.1.3 for examples of measurement time interval and PQ parameters.

The choice of the connection mode of the measuring device (i.e. phase-to-neutral or phase-
to-phase) should be coherent with the type of supply connection or should result from a
common decision between the concerned parties. It should be explicitly mentioned in the
contract.

The terms of the contract should specify the use of the measurement methodsand fhe
ungertainty described in the normative part of this standard.

The contract should specify the method for determining compensation, inCthe event of ¢ne
paifty failing to honour the terms of the contract.

Theé contract may contain provisions for the resolution of disputes_regarding interpretation of
mejasurements.

The contract will need to address the subject of data access'and confidentiality, for example,
thel party carrying out the PQ measurements might not be the same party that has to analyse
thel data and assess contract conformity.

B.1.3 Specific considerations
B.1.3.1 General

Power quality (PQ) is assessed by a ‘comparison between the results of measured PQ
palameters, and the limits (contractuah values) given in a PQ contract. These limits pre
beyond the scope of this standard.

In [a contract, description of.each PQ parameter may include: contractual value(s), time
interval to be considered, duration of the assessment time interval(s), and possibly spegial
prdcedures regarding “flagged” measurements.

Majhy PQ parameters,(voltage, harmonics, flicker) can show variations between weekday @nd
wegkends. For thése, the assessment period should be for a week minimum (or an integer
number of weeks).

B.1.3.2 Power frequency

Melasurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-s values are considered. The following techniques are suggested,
but other evaluation techniques might be agreed between the parties:

— the number, or per cent, of values during the measurement interval that exceed high or
low contractual values might be counted;

— the worst-case values might be compared to high and/or low contractual values (the
measurement interval might be different for this possibility);

— one or more 95 % (or other percentage) probability weekly values, expressed in hertz,
might be compared to high and/or low contractual values;

— the number of consecutive values that exceed high and/or low contractual values might be
counted;
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— the integration over the measurement interval, of values that deviate from nominal
frequency might be compared to contractual values.

B.1.3.3 Magnitude of the supply voltage

Measurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values should be considered. The following techniques are
suggested, but other evaluation techniques might be agreed between the parties:

— the number, or per cent, of values during the measurement interval that exceed high or
low contractual values might be counted;

— |the worst-case values might be compared to high and/or low contractual values (the
measurement interval might be different for this possibility);

— |one or more 95 % (or other percentage) probability weekly values, expréssed in valts,
might be compared to high and/or low contractual values;

— |the number of consecutive values that exceed high and/or low contractual values might|be
counted.

B.1.3.4 Flicker

Mejasurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values (Pg;) and/or 2-h values (P) might be considered. The
following techniques are suggested for both values, but‘ether evaluation techniques might|be
agfeed between the parties:

— [the number, or per cent, of values during the measurement interval that excged
contractual values might be counted;

— |99 % (or other percentage) probability:weekly values for P, or 95 % (or other percentage)
probability weekly values for P, might be compared to contractual values.

B.1.3.5 Voltage dips/swells

Mejasurement interval: 1-year minimum assessment period.

Evaluation techniques: the-parties to the contract should agree on the declared input voltage
Udip-

NOTE For LV customers, the declared voltage is usually equal to the nominal voltage of the supply system.|For
MV Jor HV customersy, the declared voltage can be different from the nominal voltage.

The parties to'the contract should agree on

— |the'dip and swell detection thresholds;

— liime aggregation techniques;

location aggregation techniques if more than one location is measured;

reporting techniques such as residual voltage/duration tables,

any other evaluation techniques that might be relevant.
B.1.3.6 Voltage interruptions

Measurement interval: 1-year minimum assessment period.

Evaluation techniques: the parties might agree on a duration that defines the borderline
between "short" and "long" voltage interruptions. The count of the voltage interruptions, and
the total duration of the "long" voltage interruptions during the measurement interval, might
be considered. Other evaluation techniques might be agreed between the parties.
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Interruptions for which the customer is informed in advance (for example, minimum 24 h)
could be counted separately from interruptions for which the customer is not informed in
advance.

B.1.3.7 Supply voltage unbalance

Measurement interval: 1-week minimum assessment period.

Evaluation techniques: 10-min values and/or 2-h values might be considered. The following
techniques are suggested for both values, but other evaluation techniques might be agreed

between the parties:

B.1.3.8 Harmonic voltages

the number, or per cent, of values during the measurement interval that)exce¢ed
contractual values might be counted;

the worst-case values might be compared to contractual values (the measurement interval
might be different for this possibility, for example one year);

one or more 95 % (or other percentage) probability weekly values, expressed in per cent,
might be compared to contractual values.

Mejasurement interval: one-week minimum assessment peried for 10-min values, and daily

asgessment of 150/180-cycle values for at least 1 week.

Evaluation techniques: 150/180-cycle time interval and/or’10-min values might be considergd.

Co

htractual values may be applied to individual harmonics, or range of harmonics, or other

grdupings, for example, even and odd harmonics; according to agreement between the
pafties to the contract. The following techniques are suggested for all values, but other

evaluation techniques might be agreed between’the parties:

B.1.3.9 Interharmonic voltages

the number, or per cent, of values* during the measurement interval that excged
contractual values might be counted;

the worst-case values might be €ompared to contractual values (the measurement interval
might be different for this possibility, for example one year);

one or more 95 % (or other percentage) probability weekly values for 10-min values,
and/or 95 % (or other (percentage) probability daily values for 150/180-cycle time intenval
values, expressed inper cent, might be compared to contractual values.

Mejasurement «interval: 1-week minimum assessment period for 10-min values, and daily

asgessment 0f<150/180-cycle values for at least 1 week.

Evaluation techniques: 150/180-cycle time interval and/or 10-min values might be considergd.

Co

htractual values may be applied to a range of interharmonics, or other groupings,

aCL,\.ud;lly tU GHICCIIIUIIt bUtVVUUII thc PGI{;UD tU thc \.'Ulltldbt. ThU fU”UVV;IIy tUbhll;\.{UUD re
suggested for all values, but other evaluation techniques might be agreed between the
parties:

the number, or per cent, of values during the measurement interval that exceed
contractual values might be counted;

the worst-case values might be compared to contractual values (the measurement interval
might be different for this possibility, for example one year);

one or more 95 % (or other percentage) probability weekly values for 10-min values,
and/or 95 % (or other percentage) probability daily values for 150/180-cycle time interval
values, expressed in per cent, might be compared to contractual values.
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B.1.3.10 Mains signalling voltage on the supply voltage

Measurement interval: 1-day minimum assessment period.

Evaluation techniques: the following techniques are suggested for all values, but other
evaluation techniques might be agreed between the parties:

the number, or per cent, of values during the measurement interval that exceed

contractual values might be counted;

the worst-case values might be compared to contractual values (the measurement interval

2)

His
any

mignt be different Tor this possibility, Tof example one wWeeKk).

.2 Statistical survey applications

1 General

pse provide guidance for designing and performing statistical power quality surv
tluding permanent monitoring) in support of:

Consumer requirements, where the aim of such surveys is to ptevide the consumer v
information on the power quality parameters seen by the consumer referenced agains
set of recognized power quality indices. These indiees“may relate to recogni:
standards, or a pre-defined set of requirements specified”for a particular installation
item of equipment (e.g. contracts or equipment specifications).

Network operator requirements for assessing existing levels of distortion/disturbance
the network (e.g. in the assessment required for the connection of new loads).

attempt to normalize the outputs of different national power quality surveys will

extremely complex and open to misinterpretation.

A

g

Cc

Th

Th

use B.2 explains the aim of power@uality statistics and gives some guidelines.
b first objective of these techniques is to compress a large number of measured values.

b second objective is to jcompute power quality indices for benchmarking, either on g

specific point or for a whole network in order to

B.Z

verify the compliance with contractual agreement (see Clause B.1);
monitor the performance evolution of a network during long periods;
comparedifferent networks during the same interval.

.2 Considerations

BY'S

ith
ta
red
or

on

torically, networks have been designed and.operated differently in different countries and

be

ne

A

ptatistical analysis should be done with homogeneous values: same measurement ti

me

interval, same measurement data, same network, etc.

Statistics computation is based on a classification of the measured values.

For each parameter, the user defines a "normal range" of variation and may choose to

inc

lude or not, flagged data (see 4.7), since this data by definition can be irrelevant.

The normal range of variation is then divided into several bins of equal width.

NOTE The number of bins depends on the measured parameter, on the accuracy, on the commitment. A minimum

of 4

0 bins can be adequate for some applications; in other applications, 100 bins can be more useful.


https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

- 54 - IEC 61000-4-30:2015 © IEC 2015

The number of bins determines the confidence interval. Bins remain constant over a
measurement period — 1-day, 1-week, 1-year, etc. — and are ordered from the lowest to the
greatest bin value within the normal range of variation.

The number of measured values within each bin is counted. These counts may be used to
determine cumulative curves, which in turn may be used to determine percentiles.

The statistics formula with the confidence level, for example 95 %, should be used to
determine the confidence interval. When the number of statistical values is small, one should
be careful about the confidence interval.

B.2.3 Power quality indices
B.2.3.1 Characterizing a single point on the network

Ong single measurement point may be characterized by two kinds of power iquality indiges
de;fending on the phenomena concerned:

— |statistical indices like percentiles, maximum or mean values over.a period of time (see
IEC TR 61000-3-6 for harmonics or IEC TR 61000-3-7 for flicker);
— |event counting and tabulating.

Examples of power quality indices are given for each paraméter in B.1.3.

B.2.3.2 Characterizing an entire network

An|entire network is a collection of single points<Classified by type of network or customars.
W¢dighting rules might be defined in order to get.global results. Weighting rules might apply
bofh to statistical indices and events.

B.2.4 Monitoring objectives

Power quality monitoring is necessary to characterize electromagnetic phenomena af a
pafticular location on an electric_power circuit.

The objective may be as.-simple as verifying steady state voltage regulation at a ser\trlice
enfrance, or may be as complex as analysing the harmonic current flows within a distribufion
network.

Geperally speakingpower quality monitoring is carried out for one of three reasons:

1) |PQ evaldation: To evaluate the electrical environment at a particular location to refine
modelling techniques or to develop a power quality baseline.

2) | Planning the connection of new equipment: To predict future performance of equipment or
power quality mitigating devices that are planned to be connected within an installation| In
any event, themostmportarmt—task—m—any monitoring—project s to defime ctearty the
objectives of monitoring

3) Troubleshooting: To diagnose incompatibilities, if any, between the electric power source
and the existing equipment connected within an installation.

The procedure for defining monitoring objectives will depend upon the reason for carrying out
the monitoring. From this will come the parameters to be measured, the duration of the
monitoring and the thresholds against which the parameters will be evaluated.

B.2.5 Economic aspects of power quality surveys

There are several elements that impact on the cost and overall economics of a measurement
campaign. These elements include:
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e measurement equipment

e transducers

e installation, including connection access
e labour

e communications

e data management (database, etc.)

e data processing and analysis

e [survey duration

Of these elements, the measurement equipment cost itself is rarely the most expensive’item.
In electric utility substation and feeder applications, the installation and labour ca@sts usually
dominate the measurement equipment costs by a significant margin. When thetotal life cycle
of A long term measurement campaign is considered, the communication arid data analysis
cosgts begin to dominate. It is wise therefore to choose instrumentation thaf.is'easy to insfall,
hag many communication options, and provides the data in a form that simplifies the analysis
task (e.g. the data is available in a standardized format).

An|obvious multiplier of measurement campaign cost, is related 'to-the duration of a survey.
This is applicable to compliance measurement campaigns ,such as those associated with
standards such as EN 50160. The guidance in this regard,iis’ to first, comply with national
standards requirements for survey durations and then second, take into consideration fhe
context of the measurement when the duration is not“explicitly mandated in a natiognal
standard. The duration of the measurement campaign¢should be tailored to the situation slich
that the survey duration can be minimized whilstygobtaining enough information to propgrly
conpduct the assessment. Factors that influence the selection of the duration off a
mejasurement campaign include:

e |customer type (e.g. residential, commgteial, industrial)

e |reason for monitoring (see above)

e |variability of the load and time frame over which that variability is expected to|be
experienced

Pripr to installing a permanent‘power quality monitoring system, a business case should often
be|developed. Typical business cases include both tangible and intangible benefits. Direct,
tanlgible benefits include:

e |identification by,-Signature analysis of failing equipment before total failure (e.g. fap
changers, capacitor banks and their switches, transformers)
e [reduction0f system restoration time (e.g. fault finding)

e |contract compliance

e |connection requirements for new equipment

Intangible benefits include:

e identifying problem feeders to help improve reliability indices

e customer feedback to improve customer relations

The economics of a power quality measurement campaign can be improved by augmenting
the system with information gathered by other equipment not specifically designed for power
quality measurement. Sharing resources in this manner allows the cost of measurement to be
shared with the primary cost of the device: reclosers, capacitor switch controllers, etc.
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B.3 Locations and types of surveys

B.3.1 Monitoring locations

The choice of locations to install power quality monitors will be dependent upon the objective
of the survey. If the monitoring objective is to diagnose an equipment performance problem
then the monitor should be placed as close to the load as possible. This applies to
performance problems with both sensitive electronic loads such as computers and adjustable
speed drives, and electrical distribution equipment such as circuit breakers and capacitors.
After the voltage fluctuations are detected, the monitor may be moved upstream on the circuit

" H ) ) L I}
tO CILTIIS Urc SUUTLe Ul U1C Uistuloarivc.

Mojnitoring location may also be determined by cost and convenience as long as itdeés hot
compromise the technical, regulatory, or legal objectives. For example, it is less)costly| to
mojitor at low voltage than high voltage. Measuring in a substation is generally lgss
expensive than part way out on a feeder on a pole.

For compliance monitoring related to service contracts, a monitoringxlocation should |be
agneed to by all parties to the contract in advance. This is typically(déefined as the poin{ of
common coupling (PCC) between the customer and the system where the PCC is defined fas:
thel point on a public power supply network, electrically nearest-to.a particular load, at which
othler loads are, or could be, connected.

B.3.2 Pre-monitoring site surveys

Pripr to conducting a measurement campaign, it is-r€commended that information regardJ:ng
thel system environment be gathered to facilitate proper instrument placement, operation, and
analysis. Elements that are common to all surveys include among others:

e |electrical system data (single-line diagrams, transformer specifications, transformer
connection, short-circuit levels, capaciter bank size and location, branch circuit data, lgad
data, grounding, etc.),

e |changes in installation topology.“over time (e.g. power factor capacitor status, loads,
transformers in/out of service, etc.),

e |known disturbing loads, rating and operating regime.
B.3.3 Customer side site survey

For surveys within @ customer’s installation, in addition to the information mentioned abova, it
is pseful to gathéryinformation on any problems encountered, for example the nature and
characteristics..af ‘sensitive equipment, the time stamp of any events that coincide wit} a
reduction in<performance. These events should be checked for coincidence with operatipns
within theinstallation and on the network.

B.3.4 Network side survey

Surveys of the supply network itself require that network specific information be gathered
including:
o network protection equipment and settings

— if the settings are changed for any reason during the course of a survey, it can impact
the statistics of voltage dips for example,

— this permits evaluation of alternative protection scenarios based on survey results;

e existence and characteristics of ripple control (or other relevant telecontrol via power line
carrier) that may impact measurements;

e load characteristics (e.g. industrial, commercial, residential or mixture);

o network operation protocol with regards to volt/var control — regulation.
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B.4 Connections and quantities to measure

B.4.1 Equipment connection options

There are several decisions that need to be made related to connecting the measurement
equipment. These decisions include:

Th

single-phase versus three-phase measurement,

line-to-line versus line-to-neutral or line-to-ground connection,

hick H~ | 1 HP~ |

+ + £
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pbse decisions will be heavily influenced by the reason for the survey. Someti

connection requirements may be specified inherently by a particular standard against w

the survey is being conducted. Whatever the case the connection should be made' in a
that is consistent with the requirements or connection of the affected equipment- taking i
acgount transformer connection issues.

A general observation can be made that when measuring steady state“phenomena such

har
me
Th

lasurements. This is possible because these phenomena are,often reasonably balanc
s assumption should be checked by performing a temporaty, three-phase measureme

WHen voltage dips and swells are the primary reason for_monitoring, it is necessary

mo|

hitor all phases powering the affected equipment.

WHen general surveys are being performed with a _three-phase connection and/or there

se
me

eral voltage transformations downstream fromn the monitored location, connecting

thel line-to-line values can often be derived eithérin the instrument or off-line.

WhHere this is not the case, the connection mode of the monitoring instrument should
chgsen taking into account both the cannection mode of the potentially affected equipm
and the successive voltage transformations downstream.

B.4.2 Priorities: Quantities_to measure

Th

b quantities to measure will generally be defined by the monitoring objectives, relev,

compliance standards,.and other factors. For general surveys it will be necessary, in orde
conserve memory space, to identify a priority order for the quantities to monitor. For examy

1)

N

)
)
)
)
)
)

)
9)

o N O o~ W

power parameters (V, I, P, Q, S, DPF, TPF, etc. — these are not generally considered
be power guality parameters)

voltage(dips/swells

harmonic voltage

es
ich

ay
hto

as

monics and flicker, single-phase measurements can often be made-instead of three-phase

ed.
nt.
to

hre
the

lasurement equipment from line-to-neutral on.gfounded systems is recommended becalise

be
ent

ant
to

to

harmonic current

unbalance

transients (e.g. capacitor switching — low frequency)
flicker

interharmonic voltages and currents

mains signaling

NOTE DPF is the displacement power factor, or the cosine of the angle between the fundamental voltage and the
fundamental current. TPF is the true power factor, or the ratio between active power and apparent power.

This ordering is an example; the actual prioritization depends on the overall goals and

obj

ectives of a particular measurement campaign.
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Once the priority is established and an instrument chosen based on those priorities, it is
recommended that as much information as the instrument can provide be utilized. It is
generally easier to discard data after a survey rather than to derive it when a quantity is
desired later that was not directly measured. Generally the only issues affecting this decision
are instrument storage capabilities and communication time/cost impacts.

B.4.3 Current monitoring

In general, customers are responsible for the current that their equipment draws from or
injects into the system and the supplier is responsible for the supply voltage. This fact can be

usee—a o aaoan e e

The measurement of current is important for the concept of emission assessmenthoweler
the critical point is to accurately determine the phase angle; this becomes increasingly

Theé measurement of current can be invaluable in determining the sources/cause of poyer
quality events, since it can help to determine if the cause of the event is upstream| or

Selecting the monitoring thresholds and monitoring period

3.1 Monitoring thresholds

Mojnitoring thresholds may be determined by the pewer quality indices against which the
results are to be compared, or may be determinedyby’ the load requirements. Once again, the
regsons for performing the power quality survey:should be consulted.

The difference between thresholds used fof/disturbance capture, versus thresholds used|for
event characterization, counting, and analysis, should be considered.

As|a general recommendation, thresholds should be as tight as feasible (while avoiding
continuous triggering). Wider thfesholds can be effectively implemented subsequently|on
captured data, but data that was. missed due to loose thresholds can never be recaptured.

Thiesholds on sliding references should be used when measuring at an unregulated portion
of [the network. For_‘example, monitors deployed on distribution feeders with load fap
changers or capacitor-bank based voltage regulation may be able to use fixed thresholds.
Trgnsmission systems or other portions of the network that are not directly regulated with
redards to voltage'should use the sliding reference method.

NOTE Thresholds are used for detecting events, e.g. dips, swells, RVC, etc. However, for statistical analysip of
quaFi-steady-state parameters such as harmonics, unbalance, and flicker, continuous recording without threshglds

is npeded.

B.5.2 Monitoring period

The monitoring period will be determined by the reasons for performing the power quality
survey. For example, if the results are to be compared against power quality indices, there
may be guidance in those indices regarding the monitoring period.

It is often useful to compare power quality measurements over time, for example comparing
one year to the previous year. If this type of comparison is useful, the monitoring period may
be permanent.

Some standards may specify minimum measurement periods. In any case, event
measurements such as voltage dips and swells generally require longer measurement
periods in order to capture enough events to provide meaningful statistics (months). Rarer
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events such as interruptions may require even longer periods; in contrast, for harmonics and
other steady state measurements, meaningful information may be captured in relatively short
periods of time (minimum of one week).

For compliance monitoring, the monitoring period should already be specified in the relevant
standard. For practical reasons, one may need to interpret the standard — e.g. do you need to
measure for one year for EN 50160 compliance? Does it need to be continuous?

B.6 Statistical analysis of the measured data

B.§.1 General

A $uitable statistical analysis method should be chosen for the data. Different-statistical
methods may be selected, depending on the power quality parameter and aneasuremgnt
objectives, but the methods can be roughly divided into:

e |methods that count the number of events that exceed some threshold, and

o |methods that summarize large numbers of quasi-steady-state meastdrements into a sinjgle
number, or a few numbers.

For the latter methods, various possible numbers may be chosen as the most useful summpry
valpe: maximum value, 99 % value, 95 % value, average value) minimum value, etc. In many
references, the 95 % probability value has been found to be‘useful.

Daja from multiple sites may be analysed statistically.to assess network performance.

B.6.2 Indices

Pripr to carrying out a measurement campaign it is necessary to understand the indi¢es
against which the results of the campaign will be compared. This information will help to
dejermine the duration of the campaign, trigger thresholds and statistical analysis of fhe
regults. In the absence of a recognized standard it will be necessary to devise a specific [set
of indices for each measurement eampaign.

There has been much work.wdone by various professional bodies around the world on fhe
subject of power quality indices. Some of the more well known of these are listed in the
bibliography.

B.T Trouble-shooting applications

B.1.1 General

Power-quality-related trouble-shooting is generally performed in response to operatignal
incjdents or problems. Consequently, it is often desirable to produce results as quickly|as
possible, rather than producing data of archival or contractual value. Nevertheless, this need
for fast diagnosis should not lead to premature or unfounded conclusions.

Typically, raw unaggregated samples are most useful for trouble-shooting, as they permit any
type of post-processing that may be desired, for example, signatures, wavelets, etc. However,
to minimize the amount of data to be stored and reviewed, for trouble-shooting, it is useful for
the instrument to record and present only data that were recorded just prior to, during, and
after an event such as a voltage dip or transient.

B.7.2 Power quality signatures

Signatures are graphic presentations of power quality events, often accompanied by a short
table of numeric characteristics.
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The most common form is a time-domain plot of voltage and current. Other forms, such as
histogram displays of harmonics, cumulative probability distributions, etc. may also be useful.
Common time-scales for signatures range from 100 ps to 30 days. Usually an instrument
determines the best time-scale for presenting a power quality event based on the event's
characteristics and duration.

It is generally agreed that useful signatures show the signal before, during, and after the
power quality event (pre-trigger system). Typically, one-fourth of the graph is allocated to the
signal just prior to the event.

The¢se power quality signatures are useful for trouble-shooting problems throughout electrical
nefworks, including customers’ installations. Typically, they are used to identify and locpate
thel source of a power quality event and to select an appropriate solution.

An|expert might use the signature of a voltage dip, for example, to determine-that the cajise
is |a large motor starting downstream from the monitoring location, and“to select [an
appropriate solution. Although this example deals with voltage dips/ywidely availa’LbIe
reference books set out the typical signatures for hundreds of different power quality events:
switching of power factor correction capacitor, lightning strikes, utility and customer fau|lts,
loose wiring, arcing contacts, radio transmission interference, electronic loads that shpre
cir¢uits with motors, etc.

sighatures alone, having current signatures as well greatly increases the range and precisfion
of ptatements that can be made about a power quality~event. Moreover, current signatufes
can assist in identifying the direction of the cause of a‘disturbance.

Although many experts can identify common power quality events from their voIt:lge



https://iecnorm.com/api/?name=dbe41ffb082991e7eb064ea64c1cae69

IEC 61000-4-30:2015 © IEC 2015 -61-

Annex C
(informative)

Conducted emissions in the 2 kHz to 150 kHz range

C.1 General

Toverview,
kHz range.
These emissions are presumed to be quasi-steady-state levels, although they may/ha
amplitude modulation. It is emphasized that the purpose of Annex C is to describe overview
me@asurement methods, as opposed to precision measurement methods.

Bagkground information on emissions and sensitivity in this frequency range)can be found in
IEG 61000-4-19:2014, Annex A.

The¢ understanding of measurement methods in this frequency ¢ange is still evolving,|so
Anpex C only provides general guidance.

For applications where highly detailed measurements arg/required, such as type tests [for
emfissions measurements or compliance measurements,‘the measurement methods found in
IEC 61000-4-7 and/or CISPR 16 should be considered.

4-

NOTE 1 Useful information about measurement in the 2 kidz to 150 kHz range can be found in IEC 6100p
7:2002, Annex B (2 kHz to 9 kHz), and in CISPR 16 (9 kHz\te 150 kHz).

NOTE 2 Immunity test methods for 2 kHz to 150 kHz/emissions can be found in IEC 61000-4-19.

NOTE 3 The measurement methods for 2 kHzto¥9 kHz in IEC 61000-4-7 are informative, not normative. [The
megsurement method for this frequency range,in:CISPR 16 focuses on emissions from equipment under test (EUT),
and| does not directly address power quality\investigations and surveys. In CISPR 16, the in-situ measuremeénts
are|considered in terms of an EUT.

NOTE 4 This frequency range is alrelatively new consideration in a power quality context, so there may| be
differences between standards. For'lexample, IEC 61000-4-7 considers phase-to-neutral voltages, while CISPR 16
conpiders phase-to-earth voltages® (Annex C does not select a physical connection method for measurenent
chapnels.) For example, the measurement methods of CISPR 16 may not accurately record the characteristicp of
sonje immunity test waveforms in IEC 61000-4-19, due to the rapid modulation of those test waveforms. These|are
examples; other differences.between standards may be found.

NOTE 5 Information ‘about emission magnitudes in the 2 kHz to 9 kHz band can be found in IEC 61000-2-4:2(02,
Clapise C.3, where;\for example, on systems with U, = 230 V, “few troubles were reported on networks havjng”
emipsions in therange 0,46 V to 3,45 V. For the same 2 kHz to 9 kHz band, IEC 61000-2-2:2002, B.2.3, suggésts
a rgference Jével for any 200 Hz bandwidth of 0,69 V.

Users of this standard should be aware that the contents of Annex C may become normafive
in @ futdre edition.

Measurements in this frequency range may be strongly affected by transducers, if present.
Guidance about effects of transducers may be found in IEC TR 61869-103.

C.2 Measurement method — 2 kHz to 9 kHz

The measurement method for 2 kHz to 9 kHz, including requirements for Class A and Class S,
is under consideration. The measurement methods of IEC 61000-4-7:2002, Annex B
(informative) could be considered.
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C.3 Measurement method — 9 kHz to 150 kHz

The measurement method for 9 kHz to 150 kHz, including requirements for Class A and
Class S, is under consideration.

One method under consideration is the method of CISPR 16-1-2. CISPR 16-1-2 emphasizes
immunity and emission measurements for equipment under test (EUT), and may not be
optimized for in-situ power quality measurements. For the purpose of in-situ power quality
investigations and surveys, the measurement methods in CISPR 16 may be complex or
expensive to implement, due to their gapless measurements and accuracy requirements. The
mejasurement methods of CISPR 16 may provide a large amount of data in an in-situ power
quality context. However, the amount of data for in-situ measurements specified by CISPR|16
maly be required for coordination with levels defined by various IEC standards.

A decond method under consideration is to extend the method of IEC 61000-4-7:2002, Anfpex
B, from the present 9 kHz limit up to a 150 kHz limit.

A third method under consideration is the method described in the NOTE below. This methpd,
although less complete and less accurate than CISPR 16-1-2,cmay possibly be mpre
appropriate for in-situ power quality applications, and may be less)éxpensive to implement,
and may avoid providing an overwhelming amount of data. fHowever, it may not provjde
sufficient data for coordination with levels defined by various |IEC standards. Also, duq to
intervals between the measurements, it is not an appfopriate method for measurning
amplitude-modulated signals that vary with a period less than twice the interval betwgen
mejasurements. Also, if 2 kHz segment widths are selected for this measurement method, it
maly be difficult to differentiate phenomena within the'same frequency segment.

Other methods may be considered during develegpment of future editions of this standard.

NOTE The third measurement method under consideration for the frequency range 9 kHz to 150 kHz is|the
follgwing:

Thel| frequency range of 9 kHz to 150 kHz could be divided into equal-width segments. The segment width coulq be
an integer multiple of 200 Hz, preferably either 200 Hz or 2 kHz. For the purposes of this measurement methof, it
is afcceptable to process a frequency range beyond 9 kHz to 150 kHz, for example processing the range 8 kHg to
150 kHz if a 2 kHz segment width is selected.

Thel minimum, average, and maximmum magnitude of the r.m.s. voltage in each frequency segment in the 9 kHE to
150 kHz range could be recorded during each 10/12-cycle interval. In addition, the single maximum value in [any
segment, on any channel,«ould be recorded.

The| following example désign demonstrates the intent of the measurement method, measurement range, fand
megdsurement uncertainty:

a) | The 9 kHz40.150 kHz measurements could be made on each channel through cascaded high pass and|low
pass filtersy The high pass filter could have 2 poles, with a 3 dB point at 1,5 kHz or higher. The low pass fjlter
could have 4 poles, with the 3 dB point at 200 kHz. The measurement range after the filters could be at I¢ast
+50(V instantaneous, with a resolution of 12 bits or more.

b) | 9.KHZz to 150 kHz measurements could be taken at the output of the cascaded filters at equally spaced {fime
illtUIVd:b ouuh t:ldt 32 dpplU)\;lllatUiy cqua“y-cpabcd IIIUdbuIUIIIUIItD alrc td:’\UII cab:l 10/’12-\.,)/\.,::; ;Iltcl\/al.
Cross-channel synchronization is not necessary. Each measurement could consist of 512 samples taken at a
sampling rate of 1,024 MHz.

c) For 9 kHz to 150 kHz, the 512 samples could be processed with a Discrete Fourier Transform or equivalent,
yielding 256 bins spaced at 2 kHz. The lowest 4 bins and the upper 181 bins could be discarded. The
magnitudes of the remaining 71 bins contain the emissions from 8 kHz to 150 kHz. These emissions could be
reported as an r.m.s. value.

d) For 9 kHz to 150 kHz, at each 10/12-cycle interval, 32 sets of these 71 bins are available. At each 10/12-cycle
interval, the minimum, average, and maximum value of the 32 r.m.s. magnitudes of each of these 71 bins
could be reported. In addition, at each 10/12-cycle interval, a single r.m.s. maximum value of all 71 bins
across all channels could be reported.
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C.4 Measurement range and measurement uncertainty

The measurement range and measurement uncertainty for Class A and Class S are under
consideration.

A measurement range of at least 200 % of the largest applicable immunity level specified in
IEC 61000-4-19:2014, Table 1, could be considered. A measurement uncertainty of at most
10 % of the smallest applicable immunity level specified in IEC 61000-4-19:2014, Table 1,
could be considered.
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Annex D
(informative)

Underdeviation and overdeviation

D.1 General

Un
exd

D.

015

q

L
r

P Measurement method

Class A

parameters in per cent of Uy;,. The underdeviation U, s.unqger @and.0verdeviation U,
parameters are determined by Equations (D.1),(D.2), (D 3) (D 4)and (D.5) and (D. 6)

Underdeviation assessment:

the following rule applies for the calculation of Uns_yndér;*

Overdeviation assessment:

the following rule applies for the calculation of Uns_over;:

value for each.interval. On 3-phase 3-wire systems, there are 3 values for each interval. Either 6 values
values can<be-measured on 4-wire systems.

Class'S

No requirement.

pu | HP <l pu | HP 4 Lo £l b H - + 'S £ 4 HPA | f
HTTUTVIAUUIT difu UvVTTUTVIalulT pdidiliciClo Tiiady YT UoTTUl WITITTT TUTo TTTpuTidlit tu - avulu, Or

mple, having sustained undervoltages being cancelled in data by sustained overvoltaggs.

The Urms(10/12) should be used to assess the underdeviationx and overdeviation

ver

if Urms(10/12),; > Udin then  Uims_underi = Udin (3.1)

if  Ums(10/12); SUdin  then  Ums_undefinF Urms(10/12),i (0.2)

if  Ums¢tor12); <Udin  then ™ Uims_over,i = Udin (0.3)

if Ums¢or12),; ZUdin® then  Umms_overi = Urms(10/12),i (0.4)

NOTE On single~phase systems, there is a single underdeviation assessment and overdeviation assessnjent

br 3

D.3 Measurement uncertainty and measuring range

The underlying U;y,g(10/12) Values should be consistent with the requirements of 5.2.2.

D.4 Aggregation

Class A

Underdeviation assessment:
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n

2
rms—under,i
i=1
Udin —
n

Uunder = [%] (D.5)

Udin

where n = the number of 10/12-cycle r.m.s. values for under- or overdeviation during the
aggregation interval

and Ugms_under,; is the ith 10/12-cycle r.m.s. value

Overdeviation assessment:

n
2
Z Utms—over,i
i=1

n
U din

Uover =

where

Urms—over,i 18 the i Uy 40/12) value

NOTE Both underdeviation and overdeviation parameter Equations(D+4) and (D.5) give positive values.
Aggregation should be performed according to 4.4 and+4.5.
— |Class S

No requirement.
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Annex E
(informative)

Class B Measurement Methods

E.1 Background for Class B

Refer

ins

fruments still in operation.

WHen IEC 61000-4-30 was first drafted in the final years of the 20th century, the goal wag
prgvide measurement methods that would cause two compliant instruments, when connec
to {he same signals, to provide identical results.

It

obs

wh

to
ted

vas realized at the time that such a standard could make existing,”useful instrum

obgolete. (Class S, for Survey instruments that produce statistically useful but not necess
identical results, was added later in IEC 61000-4-30:2008 (edition’ 2).)

Clgss B instruments existed in 2003 when this standard was first published. IEC 61000
3042008 (edition 2) made it clear that Class B methods aré not recommended for new desi

In

the present edition, Class B has now been moved from the normative section of

standard to Annex E (informative).

Be

cause Class B exists only to support legaey instruments still in operation but becom

obgolete, it is expected that Class B will be~temoved from the next edition of this standard.

E.2 Class B — Measurement aggregation over time intervals

Th

e manufacturer should specify the number and duration of aggregation time intervals.

E.3 Class B — Measurement aggregation algorithm

Th

e manufacturerishould specify the method of aggregation.

E.4 Class B — Real time clock (RTC) uncertainty

E.4.1 General

nts

olete, and this was not the result that was desired. So two classe$ were defined: Clasgq A,
ch achieved the goal above, and Class B, which would avoid making existing instruments

rily

4-
ns.
his

ing

The manufacturer should specify the RTC uncertainty and the method to determine
aggregation intervals, if any.

E.4.2 Class B - Frequency — Measurement method

The manufacturer should specify the process used for frequency measurement.

E.4.3 Class B - Frequency — Measurement uncertainty

The manufacturer should specify the uncertainty over the measuring ranges 42,5 Hz to
57,5 Hz/51 Hz to 69 Hz.
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E.4.4 Class B - Frequency — Measurement evaluation

The manufacturer should indicate the process used for frequency measurement evaluation.

E.4.5 Class B — Magnitude of the supply — Measurement method

The measurement should be the r.m.s. value of the voltage over a period specified by the
manufacturer.

E.4.6 Class B — Magnitude of the supply — Measurement uncertainty and measuring
range

Thé measurement uncertainty should be specified by the manufacturer, in such a way‘as pot
to ¢xceed +1 % of Uy, , over a range specified by the manufacturer.

E. Class B - Flicker

E.§.1 General

Not applicable.

E.§.2 Class B - Supply voltage dips and swells — Measurement method
E.5.2.1 General

The manufacturer should specify the method used forn U, .

E.§5.2.2 Class B — Supply voltage dips and,swells — Magnitude uncertainty

The manufacturer should specify the uncertainty which shall not exceed +2,0 % of Ug;,.
E.§.2.3 Class B — Supply voltage-dips and swells — Duration uncertainty

The manufacturer should specify\the duration measurement uncertainty.

E.¢ Class B - Voltage“interruptions

E.q.1 General

Alllof 5.5 shoutd\apply.

E.q.2 Class B — Supply voltage unbalance — Measurement method

Theanufacturer should specify the algorithms and methods used to calculate unbalance.

E.6.3 Class B — Supply voltage unbalance —Uncertainty

Should be the same as 5.7.2, Class A, except for the uncertainty which is less than 0,3 % for
any unbalance parameter that is evaluated.

E.6.4 Class B - Voltage harmonics — Measurement method

The manufacturer should specify the measurement method.

E.6.5 Class B -Voltage harmonics — Measurement uncertainty and range

The manufacturer should specify the measurement uncertainty and measurement range.
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E.6.6 Class B - Voltage interharmonics — Measurement method

The manufacturer should specify the measurement method.

E.6.7 Class B —Voltage interharmonics — Measurement uncertainty and range

The manufacturer should specify the measurement uncertainty and measurement range.

E.6.8 Class B - Mains signalling voltage — Measurement method

Th £ F | Lol +£ 4+l 4+ ol
L 1TIdAriuTracviuror ormuuinu OHU\/IIy UG TIMCdouUur CITrnmeIIt e irnmouyu.

E.q.9 Class B —Mains signalling voltage — Measurement uncertainty and range

Thé manufacturer should specify the measurement uncertainty and measuremepnt range.

E.§.10 Class B — Current — Measurement method

No|requirement. If included, the manufacturer should specify the measurement method.

E.§.11 Class B — Current — Measurement uncertainty and range

No| requirement. If included, the manufacturer should specify/the measurement uncertainty
and measurement range.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-30: Techniques d’essai et de mesure —
Méthodes de mesure de la qualité de I’alimentation

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compdsée
He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L’IEG~a “‘pour objef de
avoriser la coopération internationale pour toutes les questions de normalisation dansT)les domaines| de
'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normes internationgles,
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessiblesau-public (PAS) et|des
(Guides (ci-aprés dénommés "Publication(s) de I'l|EC"). Leur élaboration est confiée aides comités d'études, [aux
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisatfons
nternationales, gouvernementales et non gouvernementales, en liaison avec I'tE€/ participent également [aux
ravaux. L’'IEC collabore étroitement avec I'Organisation Internationale de (Normalisation (ISO), selon [des
conditions fixées par accord entre les deux organisations.

2) |Les décisions ou accords officiels de I'lEC concernant les questions teChniques représentent, dans la megure
Hu possible, un accord international sur les sujets étudiés, étant dognné’ que les Comités nationaux de IJIEC
ntéressés sont représentés dans chaque comité d’études.

3) Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les ‘efforts raisonnables sont entrepris afin que IJIEC
5'assure de I'exactitude du contenu technique de ses publi¢ations; I'lEC ne peut pas étre tenue responsablg de
'‘éventuelle mauvaise utilisation ou interprétation qui en est'faite par un quelconque utilisateur final.

4) Pans le but d'encourager l'uniformité internationale, lés~Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationgles
bt régionales. Toutes divergences entre toutes.'Publications de I'IEC et toutes publications nationales| ou
Fégionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
ournissent des services d'évaluation deeonformité et, dans certains secteurs, accédent aux marques de
conformité de I'IEC. L’'IEC n'est responsable d'aucun des services effectués par les organismes de certification
ndépendants.

6) [Tous les utilisateurs doivent s'assuréer qu'ils sont en possession de la derniere édition de cette publication.

7) RPucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataifes,

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'l[EC,
pbour tout préjudice causé.en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
hature que ce soit, (directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les
Hépenses découlant™~de la publication ou de ['utilisation de cette Publication de I'IEC ou de toute aptre
Publication de I'lEGy/ou au crédit qui lui est accordé.

8) L'attention est ‘attirée sur les références normatives citées dans cette publication. L'utilisation de publicatfons
Féférencées\est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
‘objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dioits
He‘brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61000-4-30 a été établie par le sous-comité 77A: CEM —
Phénoménes basse fréquence, du comité d’études 77 de [I'lEC: Compatibilité
électromagnétique.

La présente norme constitue la partie 4-30 de I'lEC 61000. Elle a le statut de publication
fondamentale en CEM conformément au guide 107 de I'lEC.

Cette troisieme édition annule et remplace la deuxieme édition, parue en 2008. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a |'édition
précédente:
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a) la méthode de mesure du courant, précédemment informative, est désormais normative et
comporte quelques modifications;

b) la méthode de mesure de RVC (rapid voltage change — variations rapides de tension) a été
ajoutée;

c) la méthode de mesure des émissions conduites dans la plage de 2 kHz a 150 kHz a été
ajoutée dans I'Annexe informative C;

d) les parametres de valeur basse et de valeur haute ont été déplacés dans I'Annexe
informative D;

e) les méthodes de mesure de Classe A et de Classe S sont définies et clarifiées, tandis que
la Classe B a été déplacée dans ’Annexe informative E en vue d'un retrait ultérieur;

f) |les méthodes de mesure se poursuivent dans la présente Norme, mais les responsabilités
pour les grandeurs d'influence, les performances et les procédures d'essai‘ont gté
transférées dans I'lEC 62586-2.

Le ftexte de cette norme est issu des documents suivants:

FDIS Rapport de vote
77A/873/FDIS 77A/878/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abguti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la séries\lEC 61000, publiées sous le titre géngral

Compatibilité électromagnétique (CEM), peut étre consultée sur le site web de I'lEC.

Le |comité a décidé que le contenu de cetté publication ne sera pas modifié avant la date|de

stapilité indiquée sur le site web de;FIEC sous "http://webstore.iec.ch" dans les donnges

relatives a la publication recherchée.\A cette date, la publication sera

e [reconduite,

e [supprimée,

e [remplacée par une gdition révisée, ou

e |amendée.

Le [contenu du corrigendum de décembre 2016 a été pris en considération dans cet exemplaire.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cette

publication indique gu'elle contient des couleurs qui sont considérées comme utiles| a

une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

L'IEC 61000 est publiée sous forme de plusieurs parties conformément a la structure

suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)
Définitions, terminologie

Partie 2: Environnement

Description de I'environnement
Classification de I’environnement
Niveaux de compatibilité

Partie 3: Limites
Limites d’émission
comités de produits)

Partie 4: Techniques d’essai et de mesure

Techniques de mesure
Techniques d’essai

Partie 5: Guide d’installation et d’atténuation

Guide d’installation
Méthodes et dispositifs d’atténuation

Partie 6: Normes génériques

Partie 9: Divers

Limites d’immunité (dans la mesure ou elles ne relévent pas de la responsabilité des

Chhque partie est ensuite subdivisée en plusieurs parties, publiées soit comme Normes

internationales, soit'ycomme Spécifications Techniques ou Rapports Techniques,

ceftaines ont déja éteé publiées en tant que sections. D’autres seront publiées avec le num
de [la partie, suivird’un tiret et complété d’un second chiffre identifiant la subdivision (exem

61(000-6-1).

d

pnt
1o
ple:
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-30: Techniques d’essai et de mesure —
Méthodes de mesure de la qualité de I’alimentation

1 Domaine d'application

La|présente partie de I'lEC 61000-4 définit les méthodes de mesure des paramgétres|de
qualité de l'alimentation des réseaux d'énergie électrique en courant alternatif a yne
fréguence fondamentale déclarée de 50 Hz ou 60 Hz et la fagon d’interpréter les r€sultats.

Les méthodes de mesure sont décrites pour chaque paramétre applicable en .des termes [qui
fournissent des résultats fiables et répétitifs indépendamment de la mise en ceuvre dg la
méthode. La présente norme porte sur les méthodes de mesure destinées aux mesurages in
sity.

Le|mesurage des parametres couverts par la présente norme)se limite aux phénomeénes
conduits sur les réseaux d’énergie électrique. Les parameires de qualité de I'alimentafion
pris en compte dans la présente norme sont la fréquence industrielle, 'amplitude de la
tension d’alimentation, le papillotement («flicker»), les creux et les surtensions temporaifes
d’alimentation, les coupures de tension, les tensions/transitoires, le déséquilibre de tensjon
d’alimentation, les harmoniques et interharmoniqués)de tension, les signaux transmis suf la
tenlsion d’alimentation, les variations rapides de“tension et les mesurages de courant. lLes
émjissions dans la plage comprise entre 2 kHz et 150 kHz sont prises en compte dans
I'Amnexe C (informative), et les valeurs hautes-et valeurs basses sont prises en compte dans
I'Amnexe D (informative). En fonction de Jobjet du mesurage, les mesurages peuvent pofter
soif sur une partie des phénomeénes de cette liste, soit sur I'ensemble.

NOTE 1 Les méthodes d'essai concernant-la vérification de la conformité a la présente norme se trouvent dans
I'NEC 62586-2.

NOTE 2 Les effets des transductelns lorsqu’ils sont placés entre le réseau et I'appareil de mesure sont prig en
conjpte mais non traités en détail dans la présente norme. Des lignes directrices sur les effets des transductgurs
peujvent étre consultées dans |'lE€ TR 61869-103.

2 | Références normatives

Les documentsisuivants sont cités en référence de maniére normative, en intégralité ou|en
paitie, dansyle présent document et sont indispensables pour son application. Pour |les
réferencess datées, seule I'édition citée s’applique. Pour les références non datées,| la
defniére ) édition du document de référence s’applique (y compris les éventdels
amendements). '1

IEC 60050 (toutes les parties), Vocabulaire Electrotechnique International (VEI) (disponible &
I'adresse http://www.electropedia.orq)

IEC 61000-2-4, Compatibilité électromagnétique (CEM) - Partie 2-4: Environnement —
Niveaux de compatibilité dans les installations industrielles pour les perturbations conduites
a basse fréquence

IEC 61000-3-8, Compatibilité électromagnétique (CEM) — Partie 3: Limites — Section 8:
Transmission de signaux dans les installations électriques a basse tension — Niveaux
d'émission, bandes de fréquences et niveaux de perturbations électromagnétiques
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IEC 61000-4-7:2002, Compatibilité électromagnétique (CEM) — Partie 4-7: Techniques

d’essai et de mesure - Guide général relatif aux mesures d’harmoniques et
d’interharmoniques, ainsi qu’a [l'appareillage de mesure, applicable aux réseaux
d’alimentation et aux appareils qui y sont raccordés

IEC 61000-4-7:2002/AMD1:2008

IEC 61000-4-15:2010, Compatibilité électromagnétique (CEM) — Partie 4-15: Techniques
d’essai et de mesure — Flickermétre — Spécifications fonctionnelles et de conception

IEC 61180 (toutes les parties), Techniques des essais a haute tension pour matériels a

basse-tension

IEQ 62586-1, Mesure de la qualité de I'alimentation dans les réseaux d'alimentation~ Partie
1: Instruments de mesure de la qualité de I’alimentation

IECG 62586-2, Mesure de la qualité de l'alimentation dans les réseaux d'alimentation — Paltie
2: Essais fonctionnels et exigences d'incertitude

3 | Termes et définitions

Polr les besoins du présent document, les termes et définitions~donnés dans I'lEC 600p0-
161, ainsi que les suivants, s'appliquent.

3.1
voie (de mesure)
engemble des dispositifs de mesure associés a une-mesure individuelle

Note 1 a l'article: «Voies» et «phases» n'ont pas la mé&me signification. Une voie de mesure correspond |par
défipition a une différence de potentiel entre deux conducteurs. Une phase correspond a un simple conductpur.
Dar]s les réseaux polyphasés, une voie de mesure peut étre entre deux phases ou entre une phase et le neltre,
ou ¢ntre une phase et la terre, ou entre le neutre ef\a.terre.

3.2
tenjsion d’entrée déclarée
Udln hY . - . . Fa ra .

valpur obtenue a partir de la tension d’alimentation déclarée d’un rapport de transformation

3.3
terjsion d’alimentation.déclarée
U,

c
gémnéralement, tension nominale U, du réseau

Notg 1 a l'article:™ Si, par suite d’'un accord entre 'opérateur de réseau et le client, la tension d’alimentaltion
appliquée a.ses bornes différe de la tension nominale, alors, cette tension correspond a la tension d’alimentaftion
déclaree Uy

3.4
seull de creux
valeur de tension spécifiée pour permettre de détecter le début et la fin d’'un creux de tension

3.5

données marquées

pendant tout intervalle de mesure au cours duquel se produisent des coupures, des creux de
tension ou des surtensions temporaires, résultats marqués des mesures de tous les autres
parametres réalisées pendant cet intervalle de temps

Note 1 a l'article: Dans certaines applications, ces données marquées peuvent étre exclues par une analyse plus
approfondie, par exemple. Voir 4.7 pour des explications supplémentaires.
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3.6

papillotement

flicker

impression d’instabilité de la sensation visuelle due a un stimulus lumineux dont la luminance
ou la répartition spectrale fluctue dans le temps

[SOURCE: IEC 60050-161:1990, 161-08-13]
3.6.1

PS
évaluation de papillotement de courte durée basée sur une période d'observation de 10 min

[SQURCE: IEC 61000-4-15]

3.6.2
Pre] . ,
évaluation de papillotement de longue durée

[SQURCE: IEC 61000-4-15]

3.7
composante fondamentale
composante dont la fréquence est la fréquence fondamentalée

3.

frégquence fondamentale
fréguence du spectre obtenue a partir d’'une transformée de Fourier d’'une fonction temporglle,
selnvant de référence a toutes les autres fréquences du spectre

Notg 1 a I'article: S’il subsiste un risque d’ambigufite, la fréquence fondamentale peut étre déterminée a partif du
nonjbre de pdles et de la vitesse de rotation duseu des générateurs synchrones alimentant le réseau.

3.
commposante harmonique
n’importe laquelle des composantes ayant une fréquence harmonique

Notg 1 a l'article: Sa valeur est normalement exprimée sous la forme d’'une valeur efficace. Pour des raisong de
simplicité, cette composante\peut simplement étre appelée harmonique.

[SOQURCE: IEC 61000-2-2:2002, 3.2.4]
3.1[0

fréguence harmonique
fréqquence' qui est un multiple entier de la fréquence fondamentale

Note 1 a l'article: Le rapport entre la frequence harmonique et la frequence fondamentale est le rang harmonique
(notation recommandée: n) (IEC 61000-2-2:2002, 3.2.3).

3.11
hystérésis
différence d’amplitude entre les valeurs aller et retour de seuils

Note 1 a l'article: Cette définition de I'hystérésis est relative aux parametres de mesure de la qualité de
I'alimentation (PQ) et est différente de celle de I'|EC 60050 qui concerne la saturation des noyaux métalliques.

Note 2 a I'article: Le but de I'hystérésis dans le contexte de mesure de la qualité de I'alimentation est d’éviter de
compter de multiples événements lorsque I'amplitude du paramétre oscille prés de la valeur de seuil.
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3.1

2

grandeur d'influence
grandeur qui n’est pas I'objet de la mesure et dont la variation affecte la relation entre

I'in

dication et la mesure

[SOURCE: IEC 60050-311:2001, 311-06-01]

3.1

3

composante interharmonique
composante spectrale ayant une fréquence entre deux fréquences harmoniques consécutives

de

nce

de

qui

Note 1 a I'article: La définition est dérivée de I'lEC 61000-4-7.

Notg 2 a l'article: Sa valeur est normalement exprimée sous la forme d’une valeur efficace. Pour des raisong
congision, cette composante peut étre simplement appelée interharmonique.

31

fréguence interharmonique

toute fréquence qui n’est pas un multiple entier de la fréquence fondamentale

Notg 1 a I'article: Par extension du rang harmonique, le rang interharmonique. ést le rapport d'une fréqusg
intefharmonique a la fréquence fondamentale. Ce rapport n'est pas un entier (notation recommandée m).

Notpe 2 a I'article: Lorsque m < 1, le terme fréquence sous-harmonique péut-étre utilisé.

[SOURCE: IEC 61000-2-2:2002, 3.2.5]

315

coupure

réduction de la tension en un point du réseauJd’énergie électrique en dessous du seuil
colpure

3.16

seliil de coupure

valeur de tension spécifiée pour permettre de détecter le début et la fin d’'une coupure
317

indertitude de mesure

pafametre, associé autrésultat d'un mesurage, qui caractérise la dispersion des valeurs
polirraient étre raisgnnablement attribuées au mesurande

[SOURCE: IEC:60050-311:2001 311-01-02]

3.18

terjsioh nominale

Un

tension par laquelle un reseau est designe ou identifle

3.19

valeur haute

différence entre la valeur mesurée et la valeur nominale d’'un paramétre, uniqguement lorsque
la valeur mesurée du parametre est supérieure a la valeur nominale

3.2

0

qualité de I'alimentation
caractéristiques de I'électricité en un point donné d'un réseau d’énergie électrique, évaluées
par rapport a un ensemble de parametres techniques de référence
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Note 1 a l'article: Ces parameétres peuvent, dans certains cas, tenir compte de la compatibilité entre I'électri
fournie par un réseau et les charges connectées a ce réseau.

3.2

1

moyenne quadratique

val

eur efficace

cité

racine carrée de la moyenne arithmétique des carrés des valeurs instantanées d’'une
grandeur durant un intervalle de temps spécifié et une largeur de bande spécifiée

[SOURCE: IEC 60050-103:2009, 103-02-03]

3.22

tenjsion efficace rafraichie par demi-période

Ueti() . . , . \ ,
valpur de la tension efficace mesurée sur une période, commencant a un passage par zgro
de [la composante fondamentale, et rafraichie a chaque demi-période

Notg 1 a l'article: Cette technique est indépendante sur chaque voie de mesure et produira’des valeurs efficqdces
a d¢s instants successifs sur chaque voie en cas de réseaux polyphasés.

Notge 2 a I'article: Cette valeur n’est utilisée que pour la détection et I’évaluation;ndans la classe A, des creux de
tengion, des surtensions temporaires a fréquence industrielle, des coupures ethdes variations rapides de tengion
(RMC).

Notg 3 a l'article: Cette valeur efficace de la tension peut étre une valedentre phases ou entre phase et neutfe.
3.23

courant efficace rafraichi par demi-période

Tetf (v2) . ] o . ]
valpur du courant efficace mesurée sur une période, commengant a un passage par zéro|de
la pomposante fondamentale sur une voie deJmesure de tension associée, et rafraichi¢ a
chaque demi-période

Notp 1 a l'article: A titre indicatif, la voie -d8 mesure de tension associée peut étre la voie de megure
corlespondante entre phase et neutre sur désdéseaux monophasés ou en étoile. En I'absence de voie de megure
de [ension correspondante, par exemple, ‘pour des mesurages de courants sur des réseaux en triangle oy de
coufant de terre ou de courant de nedfre, la voie de référence (voir 5.1.3) utilisée pour les mesurages| de
fréquence peut étre utilisée.

3.24

tension efficace rafraichie par période

Uetf(1) . . , . e .

valpur de la tension.efficace mesurée sur 1 période et rafraichie a chaque période

Notg 1 a l'articles, “VAu contraire de Ueff(1/2) , cette technique ne définit pas I'instant de début de période.

Notg 2 a l'artiele: Cette valeur n’est utilisée que dans la Classe S et pour la détection et I'évaluation des creux de
tengion, des Surtensions temporaires a fréquence industrielle et des coupures.

Notg ‘8 ‘@1'article: Cette valeur efficace de la tension peut étre une valeur entre phases ou entre phase et neutfe.
3.25

domaine des grandeurs d’influence
domaine de variation des valeurs d’une grandeur d’influence donnée

3.2

6

variations rapides de tension

RV

Cc

transition rapide de la valeur efficace d'une tension se produisant entre deux conditions de
régime établi et au cours de laquelle la valeur efficace de tension ne dépasse pas les seuils

de

Note 1 a l'article:

creux/de surtension temporaire a fréquence industrielle

change".

L'abréviation RVC est dérivée du terme anglais développé correspondant "rapid voltage
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3.27

voie de référence

pour les mesurages polyphasés, une des voies de mesure de la tension, désignée comme
voie de référence

Note 1 a l'article: Dans le cas d'un mesurage monophasé, la voie de mesure de la tension est également la voie
de référence.

3.28

tension résiduelle
Ubes
valgur minimale de Uggs(1,) enregistrée au cours d’'un creux ou d’une coupure de tension

Notg 1 a l'article: La tension résiduelle est exprimée sous la forme d’une valeur, exprimée en yolts, ou ¢’un
poufcentage ou par unité de la tension d'entrée déclarée.

3.29
terjsion de référence glissante
US
valpur de tension moyennée sur une minute, représentant la tension-précédant un creux|de
tenlsion ou une surtension temporaire a fréquence industrielle

Notg 1 a l'article: Elle est définie avec précision en 5.4.4.

Notp 2 a l'article: La tension de référence glissante peut étre utilisée{pour déterminer la variation de tengion
pendant un creux ou une surtension temporaire a fréquence industrielle, généralement pour des réseaux de
moyenne tension et de haute tension.

3.30
seuil de surtension temporaire a fréquence industrielle
valpur de tension spécifiée pour permettre derdétecter le début et la fin d’'une surtensjon
temporaire a fréquence industrielle

3.31

agrégation temporelle
combinaison en séquence de plusieurs valeurs d’'un paramétre donné (chacun d’eux étant
déferminé sur des périodes de temps identiques) destinée a produire une valeur sur {ne
période de temps plus longue

Notg 1 a l'article: Dans le présent document, le terme agrégation est utilisé pour agrégation temporelle.

3.32

valeur basse

podyir un parameétre donné, valeur absolue de la différence entre valeur mesurée et val
nominale, uniquement lorsque la valeur du paramétre est inférieure a la valeur nominale

[
c
=

3.33

uT

temps universel coordonné
échelle de temps qui constitue la base d'une diffusion radioélectrique coordonnée des
fréquences étalon et des signaux horaires., qui a la méme marche que le temps atomique
international, mais qui en differe d'un nombre entier de secondes

Note 1 a l'article: Le temps universel coordonné est établi par le Bureau international des poids et mesures
(BIPM) et le Service international de la rotation de la Terre (IERS).

Note 2 a l'article: On ajuste I’échelle UTC par insertion ou omission de secondes dites secondes intercalaires
positives ou négatives pour assurer sa concordance approximative avec I'échelle UT1.

Note 3 a l'article: L'abréviation UTC est dérivée du terme anglais développé correspondant "coordinated
universal time".

[SOURCE: Recommendation ITU-R RF.686.3]
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3.34

creux de tension

baisse temporaire de I'amplitude de la tension en un point du réseau d’énergie électrique en
dessous d’un seuil donné

Note 1 a l'article: Les coupures sont un cas particulier des creux de tension. Les traitements ultérieurs
permettent de faire la distinction entre creux de tension et coupures.

Note 2 a l'article: Cette note ne s’applique qu’a la version anglaise. Les deux termes sont utilisés indifféremment.
Toutefois, la présente Norme utilise uniquement le terme "creux de tension".

3.35

surtension temporaire a fréquence industrielle
augmentation temporaire de I'amplitude de la tension en un point du réseau dlénergie
élefctrique au-dessus d’un seuil donné

3.36

déséquilibre de tension
dams un réseau d’énergie électrique polyphasé, état dans lequel les valeurs efficaces dles
tenssions entre conducteurs (composante fondamentale) et/ou les différences de phase ertre
conducteurs successifs, ne sont pas toutes égales

Notg 1 a l'article: Le taux de déséquilibre s’exprime habituellement par le.rapport de la composante inversg ou
honjopolaire a la composante directe.

Notg 2 a l'article: Dans la présente norme, le déséquilibre de tension<est relatif aux réseaux triphasés.

[SOURCE: IEC 60050-161:2002, 161-08-09, modifie~<<des notes a I'article ont été rajoutées]
4 | Généralités
4.1 Classes de mesure

Pour chaque paramétre mesuré, deux classes (A et S) sont définies dans la présente norre.
Pour chaque classe, les méthodes de mesure et les exigences de performance appropri¢es
sont incluses.

— |Classe A

Cette classe est wiilisée lorsque des mesurages précis sont nécessaires, par exemple
pour des applicatiohs contractuelles qui peuvent nécessiter la vérification de la confornpité
a des normes,la résolution de litiges, etc. Les mesurages d’un parametre effectués ayec
deux appareils de mesure différents conformes aux exigences de la Classe A, lors|du
mesuragé{du méme signal, produiront des résultats concordants dans la plage
d’inceritude spécifiée pour ce parameétre.

NOTE./1 Les mesurages de Classe A produisent des résultats concordants uniquement si les paramefres
selectionnés par I'utilisateur (seuils, hystérésis, etc.) concordent.

— Classe S

Cette classe est utilisée pour les applications statistiques comme les campagnes de
mesure de grande ampleur ou les évaluations de la qualité de [|'alimentation, avec
potentiellement un sous-ensemble limité de parameétres. Bien qu’elles utilisent des
intervalles de mesure équivalents a ceux de la Classe A, les exigences de traitement de
la classe S sont beaucoup plus souples. Certaines études peuvent évaluer les
parametres de qualité de l'alimentation de plusieurs sites de mesure sur un réseau.
D'autres études évaluent les paramétres de qualité de l'alimentation sur un seul site et

sur une certaine période ou dans des endroits a l'intérieur d'un batiment, voire méme
d'une seule partie volumineuse de I'appareillage.
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Classe B

Pour des informations sur la Classe B, voir I'Annexe E (informative) de la présente norme.
Les méthodes de Classe B ne doivent pas étre appliquées pour de nouveaux appareils de
mesure. La Classe B a été déplacée dans I’Annexe E du fait que tous les nouveaux
modeéles d'appareil de mesure sont conformes a la Classe A ou a la Classe S. La Classe
B peut étre pertinente pour les appareils de mesure traditionnels qui sont toujours utilisés.
La Classe B pourra étre supprimée dans la prochaine édition de la présente norme.

NOTE 2 Les méthodes de mesure de Classe B peuvent fournir des informations utiles mais pas
necessalrement comparables La Classe B a ete introduite dans IIEC 61000-4-30:2003 (édition 1) pIus
fi de ils d |

L'IEC 61000-4-30:2008 (édition 2) informait qu’il était possible que la Classe B soit supprimée dans une fufure
édition de la présente norme. L'IEC 61000-4-30:— (la présente édition 3) informe de nouveau qu’il est posgible
que la Classe B soit supprimée dans une future édition et déplace la Classe B dans I’Annexe informative E

NOTE 3 Dans la présente norme, "A" signifie "Advanced" et "S" signifie "Surveys".
Leg utilisateurs doivent sélectionner la classe dont ils ont besoin, basee sur leur(s)
application(s). Pour les applications de recherche de pannes, I'utilisateun-peut sélectionper
les|méthodes de Classe A ou de Classe S en fonction du type de probléme.
Il donvient que le constructeur de I'appareil de mesure déclare les(grandeurs d’influence non
expressément données et qui peuvent dégrader les performances de 'appareil de mesure.
Un| appareil de mesure peut mesurer tout ou partie dés, paramétres identifiés dans| la
prgdsente norme et utilise de préférence la méme classexpour tous les paramétres. Pour |les
lignes directrices, voir I'lEC 62586-1 et I'|[EC 62586-2,
Le|constructeur d’appareil de mesure doit déclarér quels paramétres sont mesurés, quelle
clapse est utilisée pour chacun des paramétres;*la plage de U, pour laquelle chacune des
clapses est satisfaite, et toutes les exigences nécessaires ainsi que les accessoifes
(syjnchronisation, sondes, durée d'étalonnage, gammes de températures, etc.) pour satisfaire
chacune des classes.
4.21 Organisation des mesurages
La|grandeur électrique a mesuter peut étre soit directement accessible, ce qui est en géngral
le ¢as sur les réseaux bassextension, soit accessible via des transducteurs de mesure.
La|chaine de mesure.compléte est illustrée a la Figure 1.

1

Transducteurs | Unité de mesure Unité
de mesure ; d'évaluation

|

|

|

Signal d'entrée Signal d'entrée a Résultat de mesure Evaluation du
électrique mesurer mesurage
IEC
Figure 1 — Chaine de mesure

Un "appareil de mesure" peut comprendre I’ensemble de la chaine de mesure (voir Figure 1).

Dans la présente norme, la partie normative ne prend en compte ni les éventuels
transducteurs de mesure externes a l'appareil de mesure, ni l'incertitude de mesure qu’ils
introduisent, mais I’Article A.2 fournit des lignes directrices sur ces sujets.
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4.3 Valeurs électriques a mesurer

Des mesurages peuvent étre effectués sur les réseaux monophasés ou polyphasés. En
fonction du contexte, il peut étre nécessaire de mesurer des tensions entre les conducteurs
de phase et le neutre (phase-neutre) ou entre les conducteurs de phase (entre phases) ou
entre les conducteurs de phase ou le neutre et la terre (phase-terre, neutre-terre). La
présente norme n’a pas pour objet d'imposer le choix des valeurs électriques a mesurer. En
outre, excepté pour le mesurage du déséquilibre de tension qui est intrinséquement
polyphasé, les méthodes de mesure spécifiées dans le présent document sont de nature a
permettre I’obtention de résultats indépendants sur chaque voie de mesure.

NO

valgurs mesurées instantanées phase-neutre ou des valeurs mesurées phase-terre.

De

4.4 Agrégation des intervalles de temps de mesure

4.5

[E Les valeurs instantanées entre phases peuvent étre mesurées directement ou peuvent étre dérivées

Classe A

L’intervalle de temps de mesure de base des amplitudes (tension.du réseau, harmoniq
interharmoniques et déséquilibre) des paramétres doit étre de™10 périodes pour un rés
50 Hz ou de 12 périodes pour un réseau 60 Hz.

(temps universel coordonné) de 10 min. Voir Figure 2;
paramétre.

supplémentaires:

e intervalle de 150/180 périodes (150 périodes pour une fréquence nominale de 50
ou 180 périodes pour une fréquence nominale de 60 Hz),

e intervalle de 10 min,

e intervalle de 2 h pour le papillotement Py,.

NOTE 2 Un intervalle d'agrégation de 2 heures est facultatif pour tous les parameétres, sauf pour

étre nécessaire pour mesurer la conformité avec certaines normes nationales ou internationales.

NOTE 3 Les Articles’B.1 et B.2 décrivent quelques applications d’agrégation d’intervalles de temps.
Classe S

Mémescintervalles de temps que pour la classe A.

Processus d’agrégation des mesures

4.5

—“+——FExigences

des

5 mesurages de courant peuvent étre effectués sur chaque conducteur des réseaux
élefctriques, y compris le neutre et la terre de protection (voir 5.13).

es,
au

Le mesurage sur 10/12 périodes doit étre resynchronisé toutes les impulsions UTC

NOTE 1 L’incertitude de ce mesurage est incluse dans Je protocole de mesure de l'incertitude de chajque

Les valeurs sur 10/12 périodes sont\.ensuite agrégées sur trois intervalles

Hz

les

mesurages de papillotement gui nécessitent un intervalle d'agrégation de 2 heures pour P,. Cet intervalle
d'agrégation de 2 heures-peut éventuellement étre utile dans certaines applications, et peut éventuellenpent

Les agrégations doivent étre calculées par la racine carrée de la moyenne arithmétique du
carré des valeurs d’entrée.

Pour le mesurage du papillotement, un algorithme d’agrégation différent est utilisé (voir

I'E

4.5

C 61000 4-15).

.2 Agrégation sur 150/180 périodes
Classe A

Les données de l'intervalle de 150/180 périodes doivent étre agrégées sans discontinuité

a partir de quinze intervalles de 10/12 périodes.
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4.3  Agrégation sur 10 min

L’intervalle de temps de 150/180 périodes est resynchronisé toutes les impulsions UTC
de 10 min comme indiqué a la Figure 2.

Lorsqu’'une impulsion de 10 min se produit, un nouvel intervalle de temps de 150/180
périodes commence, et l'intervalle de temps en cours de 150/180 périodes se poursuit
jusqu'a ce qu'il soit terminé. Cela peut engendrer un recouvrement entre ces deux
intervalles de 150/180 périodes (recouvrement 2 dans la Figure 2).

Classe S

Les données de lintervalle de 150/180 périodes doivent étre agrégées a partir des
intervalles de 10/12 périodes. La resynchronisation avec les impulsions UTC de 10 min

Ubt dutUlibU’U Illd;b II,Ubt pas Ubiigdtuilc. (\VlUil id F;ywc 3)
Les discontinuités sont autorisées mais non obligatoires pour les harmoniques;’|les
interharmoniques, les tensions de transmissions de signaux et le déséquilibre. |Un
minimum de trois intervalles de 10/12 périodes doit étre utilisé tous les intenvalles|de
temps de 150/180 périodes, c'est-a-dire au moins un intervalle de 10/12 périodes doit §tre
utilisé toutes les 50/60 périodes (voir la Figure 4). Pour tous les autres-parametres, |les
données de l'intervalle de 150/180 périodes doivent étre agrégées sans discontinuité a
partir des quinze intervalles de 10/12 périodes.

Classe A

Les valeurs agrégées sur 10 min doivent étre marquées avec le temps UTC
(01H10.00,000, par exemple) a l'issue de l'intervalle d‘agrégation de 10 min, arrondi g la
seconde la plus proche.

NOTE Dans certaines circonstances, il peut étre utile d'utiliser I'heure locale, qui peut différer du temps YTC
selon un décalage fixe ou un décalage qui peut varierven fonction de la période de I'année. Ce {ype
d'horodatage inclut souvent une heure et une date. Ce‘type d'horodatage peut étre appelé "datation absolug".

Les données de l'intervalle de 10 min doivent étre agrégées a partir des intervalles|de
temps de 10/12 périodes.

Chaque intervalle de 10 min doit débuter sur une impulsion UTC de 10 min. L'impulsjion
de 10 min est aussi utilisée pour®esynchroniser les intervalles de 10/12 périodes et |les
intervalles de 150/180 périodes~Voir Figure 2.

Le ou les intervalles finaux~de 10/12 périodes pendant une période d'agrégation|de
10 min présenteront vraisemblablement un recouvrement avec les impulsions d’horlgge
UTC de 10 min. Tous lesintervalles de 10/12 périodes en recouvrement (recouvrement 1
dans la Figure 2) sont inclus dans l'agrégation de l'intervalle de 10 min précédent.
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Impulsions UTC de
10 min, par exemple

Intervalle de 10 min (x + 1)

A A A

Intervalle de 10 min (x)
x

10/12 périodes | 10/12 périodes | 10/12 péri=>des

o/ Recouvrement 1
(] I
] |

0| 10/12 périodes | 10/12 périodes | 10/12-périodes

|
1411 15i2 | 3
|

Y A 4 Y
Intervalle de1507180 péjiodes (n + 1)

)
Recouvfement 2
(150/480)

11 12 13
X A 4 A 4
Intervalle de 150/180 périodes (n)

cssqaqeopoccs,

IEC

Figure 2 — Synchronisation des intervalles d'agrégation pour la classe A

Classe S

La méthode d’agrégation sur 10 min.utilisée pour la Classe S doit étre soit la méthode
la classe A soit la méthode simplifiée suivante:

Les données de l'intervalle de 10 min doivent étre agrégées a partir des intervalles
temps de 10/12 périodes. Il 'R’y a pas de resynchronisation avec les impulsions UTC
10 min. Les intervalles de/10 min se déroulent indépendamment (les uns des autres).

Les valeurs agrégées_sur 10 min doivent étre marquées avec le temps a l'issue
I'intervalle d'agrégation de 10 min (01h10.00,040, par exemple).

Il n’y aura pas derecouvrement, comme illustré a la Figure 3 et a la Figure 4.

de

de
de

de
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Impulsions UTC de Horodatage de l'intervalle
10 min, par exemple d'agrégation de 10 min, par
01:10:00,000 exemple: 01:10;00,040

Intervalle de 10 min (x + 1)

/\A Intervalle de 10 min (x) A A A
x 7 3

i i k

el

10/12 périodes | 10/12 périodes | 10/12 périodes

1 10/12 périodes| 10/12 périodes | 10/12 périodes

[
11 12 13 14 15 b
X 4 v Yy '
Intervalle de 150/180 périodes (n)

Intervalle de 150/180
périodes (n + 1)

v

1EQ

-m

igure 3 — Synchronisation des intervalles d'agrégation’pour la classe S: parameétres
pour lesquels les discontinuités ne sont pas autorisées

Impulsions UTC de Horodatage de l'intervalle
10 min,par exemple d'agrégation de 10 min, par
01:10:00,000 exemple: 01:10;00,040
Intervalle de 10 min (x + 1)
Intervalle de 10 min (x) ?
A !
)
)
)
10/12 P CONTING TR 1012 1 10/12 0 10/12 —— BT —
fériodes périodes périodes m périodes
|
|
|
|
|
Intervalle de 150/180 périodes (n) v

Intervalle de 150/180 périodes (n+ 1)

Figure 4 — Synchronisation des intervalles d'agrégation pour la classe S: paramétres
pour lesquels les discontinuités sont autorisées (voir 4.5.2)

4.5.4 Agrégation sur 2 heures
— Classe A

Les données de l'intervalle de 2 h doivent étre agrégées a partir de douze intervalles de
10 min. L’'intervalle de 2 h ne doit pas présenter de discontinuité ni de recouvrement.

— Classe S

Identique a la Classe A.
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4.6 Incertitude de temps d'horloge

L'incertitude de temps d'horloge est définie par rapport au temps universel coordonné (UTC)
qui s’incrémente de maniére continue et qui est disponible dans le monde entier.

NOTE 1 Le temps d'horloge peut avancer ou reculer dans certaines circonstances telles que le passage a I'heure
d'été, les mises a jour de synchronisation externe, etc. Lorsque I'horloge avance dans le temps, des discontinuités
peuvent se produire dans les données. Lorsque I'horloge recule dans le temps, les données peuvent se
chevaucher dans le temps.

— Classe A

tincertitudede emps dnorioge ne doit pas aepdassSer = ZU ms pour SU HZ oU < 16,7 ]msS
pour 60 Hz, indépendamment de la durée totale de I'intervalle.

NOTE 2 Ces performances peuvent par exemple étre obtenues par une procédure de synchronisafion
appliquée périodiquement au cours d’'une campagne de mesure, via un récepteur GPS, ou, €ncore par la
réception de signaux de synchronisation transmis par radio ou en utilisant des signaux de synchronisation de
réseau.

Lorsque la synchronisation par un signal externe devient indisponible!la“tolérance suf le
marquage temporel doit étre inférieure a + 1 s par période de 24>h, cependant, cette
exception n’affranchit pas de I'exigence de conformité avec lalpremiére partie de [cet
alinéa.
NOTE 3 Ces performances sont nécessaires pour que deux appareils dé_mesure utilisant des méthodeg de
Classe A produisent les mémes résultats agrégés sur 10 min lorsqu’ils(sont raccordés au méme signal.

— |Classe S

L’incertitude de temps d'horloge ne doit pas dépasser’t 5 s par période de 24 h.
4.71 Concept de "flagging" (marquage)

Pepdant un creux de tension, une surtension’temporaire a fréquence industrielle ou Une
coupure, les algorithmes de mesure des (autres paramétres (par exemple, mesurage |de
valliation de la fréquence) peuvent produire des valeurs douteuses. Le concept de marquage
pemet d'éviter de comptabiliser uni‘*événement donné plusieurs fois dans différents
pafjamétres (compter un seul creux:de tension d’'une part comme un creux et d’autre gart
comme une variation de fréquenee, par exemple) et indique que la valeur agrégée risque
d'étre douteuse.

Le|marquage n’est déclenché que par les creux, les surtensions temporaires a fréquenfce
industrielle et les coupures. La détection de creux et de surtensions temporaires a fréque:l:ce
indtstrielle dépend du-seuil défini par I'utilisateur, et ce choix peut influencer les données [qui
sont "marquées".

Le [concept de,marquage est applicable a la Classe A et a la Classe S lors du mesurage d¢ la
fréquence industrielle, de 'amplitude de la tension, du papillotement, du déséquilibre dq la
tenlsion d’alimentation, des harmoniques de tension, des interharmoniques de tension, dg la
trapsmission de signaux et du mesurage des paramétres de valeur basse et de valeur hapte
de [la‘tension.

Si, pendant un intervalle de temps donné, une valeur est marquée, les valeurs agrégées, qui
incluent cette valeur, doivent également étre marquées. La valeur marquée doit étre
enregistrée et incluse également dans le processus d’intégration. Par exemple, si, pendant
un intervalle de temps donné, une valeur est marquée, alors les valeurs agrégées qui
incluent cette valeur, doivent également étre marquées et enregistrées.

NOTE 1 Des informations relatives a d'autres types de marquage ou au marquage de données peuvent étre
consultées dans I'lEC 62586-1.

NOTE 2 L'utilisateur peut décider de la maniére d'évaluer les données marquées.
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5

5.1

5.1

Paramétres de qualité de I’alimentation

Fréquence industrielle

| Méthode de mesure

Classe A

L’indication de fréquence doit étre obtenue toutes les 10 s. Du fait que la fréquence
industrielle peut ne pas étre exactement 50 Hz ou 60 Hz au cours de l'intervalle de temps
d’horloge de 10 s, le nombre de périodes peut ne pas étre un nombre entier. La mesure

5.1

5.1

cours de l'intervalle de temps d’horloge de 10 s divisé par la durée cumulée des pério
entiéres.

Lorsqu'une méthode de passage par zéro est appliquée pour le calcul de la fréquen

de minimiser les effets de multiples passages par zéro.

individuelles chevauchant temporellement la frontiére d’un intervallerde 10 s sont rejet
Chaque intervalle de 10 s doit commencer sur un top 10 s d'horltoge, avec l'incertit
définie en 4.6.

D’autres techniques permettant d’obtenir des résultats équivalents, telles que
convolution, sont acceptables.

NOTE Pour certaines applications, I'utilisation d'intervallesy\"de temps plus courts que 10s
éventuellement étre utile, tels que sur 10/12 périodes (éoliennes), sur 1 s (étalons nationaux), etc.

Classe S
Identique a la Classe A.

.2 Incertitude de mesure et étenduede mesure
Classe A

Dans les conditions décrites a |'Article 6, l'incertitude de mesure ne doit pas dépas
+ 10 mHz sur les étendues desmesure 42,5 Hz a 57,5 Hz / 51 Hz a 69 Hz.

Classe S

Dans les conditions décrites a I'Article 6, l'incertitude de mesure ne doit pas dépas
+ 50 mHz sur les étendues de mesure 42,5 Hz a 57,5 Hz / 51 Hz a 69 Hz.

.3 Evaluation du mesurage

Classe A

Le mesurage de fréquence doit étre réalisé sur la voie de référence.

Le censtructeur doit spécifier le comportement du mesurage de fréquence en cas
perte )de tension sur la voie de référence.

5.1

L’a

5.2

5.2

de la frequence tondamentale est le rapport du nombre de periodes entieres compteesjiau

Les intervalles de temps de mesure ne doivent pas se recouvrir. Les pério%es

es

ce,

avant chaque évaluation, les harmoniques et interharmoniques doivent étre.atténués afin

es.
de

la

eut

Ser

ser

de

[Cldsse S

Identique a la Classe A
.4  Agrégation
grégation n’est pas obligatoire.
Amplitude de la tension d’alimentation

1 Méthode de mesure
Classe A

Le mesurage doit étre la valeur efficace de I'amplitude de tension sur un intervalle

de

temps de 10 périodes pour un réseau 50 Hz ou de 12 périodes pour un réseau 60 Hz. Les
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intervalles de temps de 10/12 périodes doivent étre contigus et ne pas présenter
recouvrement avec les intervalles de temps de 10/12 périodes adjacents, excepté com
indiqué sur le recouvrement 1 de la Figure 2.

NOTE 1 Cette méthode de mesure particuliére est utilisée pour les signaux quasi stationnaires et ne |
pas pour la détection et le mesurage des perturbations: creux, surtensions temporaires a fréque
industrielle, coupures et transitoires de tension.

de
me

‘est
nce

NOTE 2 La valeur efficace comprend par définition les harmoniques, les interharmoniques, les signaux de

télécommande centralisée, etc.

Classe S

5.2

5.2

Pa

5.2

L’ajgrégation doit étre réalisée conformément a 4:4 et 4.5.

5.3

5.3

5.3.2 Incertitude de mesure et étendue de mesure

Identique a la Classe A.
2 Incertitude de mesure et étendue de mesure

Classe A

Dans les conditions décrites a I'Article 6, l'incertitude de mesure ne doitipas dépas
+ 0,1 % de Uy,,, sur la plage de 10 % a 150 % de Uy,

Classe S

Dans les conditions décrites a I'Article 6, l'incertitude de mesure ne doit pas dépas
+ 0,5 % de Uy, sur la plage de 20 % a 120 % de Uy;,.

3 Evaluation du mesurage
5 d’exigences.

.4  Agrégation

Papillotement («flicker»)

1 Méthode de mesure

Classe A

La classe F3 de I'lEC 61000=4-15 s’applique en tant qu'exigence minimale. Il convient
ne pas utiliser la classe 'E3 pour de nouveaux modéles. La classe F1 est recommandés
peut étre exigée dans la’prochaine édition de la présente norme.

Classe S

La classe F3 de)l'lEC 61000-4-15 s’applique en tant qu'exigence minimale.

Classe A

Voir'IEC 61000-4-15. Dans les conditions décrites a I'Article 6, I'incertitude de mes

ser

ser

de
et

Lre

exigée par I''FC 61000-4-15 doit étre satisfaite sur I'étendue de mesure de 0,2 Py a

10

Pst.

Classe S
Voir I'lEC 61000-4-15. Dans les conditions décrites a I'Article 6, deux fois l'incertitude

mesure admise par I'lEC 61000-4-15 doit étre satisfaite sur I'étendue de mesure
0,4 Pt a4 Pg.

5.3.3 Evaluation du mesurage

Classe A
L'IEC 61000-4-15 s’applique.

L’intervalle de temps de 10 min pour Pg doit commencer sur une impulsion UTC
10 min et doit étre marqué avec la datation a l'issue de l'intervalle (voir 4.5.3).

de
de

de
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Les creux de tension, les surtensions temporaires a fréquence industrielle et les coupures
doivent entrainer un marquage des valeurs de sortie du Pg; et du P (voir IEC 61000-4-15).

— Classe S

Identique a la Classe A.
5.3.4  Agrégation
— Classe A

L’agrégation doit étre réalisée conformément a I'lEC 61000-4-15.

— |Classe S

Identique a la Classe A.

5.4 Creux de la tension d’alimentation et surtensions temporaires a fréquence
industrielle

5.4.1 Méthode de mesure

— |Classe A

Le mesurage de base Ugys d'un creux de tension et des surtensions temporaireg a
fréquence industrielle doit étre le mesurage de Uy, sur chaque voie de mesure (Yoir
3.22).

La durée de la période pour Usfi(1) dépend de la fréquence. La fréquence peut tre
déterminée par le dernier mesurage de fréquence industrielle non «marqué» (voir 4.7 et
5.1) ou par toute autre méthode permettant de’ satisfaire aux exigences d’incertityde
spécifiées a I'Article 6.
NOTE 1 La valeur Uggy,) inclut par définition les\harmoniques, les interharmoniques, les tensions| de
ransmission des signaux, etc.

NOTE 2 |l est important d'éviter toute perte de"données lorsque des creux et des surtensions temporairgs a
fréquence industrielle se produisent dans une’ séquence rapide (par exemple, trois événements en june
Eeconde, avec jusqu'a une minute entre d€s séquences, pourraient probablement se produire en cas| de
réenclenchement au cours d'une panne  ddrable). Lorsque, au cours d'une salve rapide, il n'est pas posgible
H'enregistrer les caractéristiques des événements de creux/surtension, alors un comptage des événemgnts
beut étre utile.

— |[Classe S

Le mesurage de base)Ug; des creux de tension et des surtensions temporaireg a
fréquence industrielle.doit étre le mesurage de Ugg(y,) sur chaque voie de mesure (Yoir
3.22) ou le mesurage de Uefr(1) SUr chaque voie de mesure (voir 3.23). Le constructpur
doit spécifier quelmesurage est utilisé.

NOTE 3 La valglir-U

off(1) inclut par définition les harmoniques, les interharmoniques, les tensions de transmisgion
des|signaux, etc¢

5.4.2 Détection et évaluation d’un creux de tension

5.4.2.1 Détection d’un creux de tension

Le seuil de creux est un pourcentage soit de Uy;, soit de la référence de tension glissante Uy,
(voir 5.4.4). L'utilisateur doit déclarer la tension de référence utilisée.

NOTE La référence de tension glissante U, n’est en général pas utilisée dans les réseaux basse tension. Voir
I'"EC TR 61000-2-8 pour plus d’informations et de conseils.

— Dans les réseaux monophasés, un creux de tension commence lorsque la tension Ugg
tombe en dessous du seuil de creux, et se termine lorsque la tension Uy est égale ou
supérieure au seuil de creux plus la tension d’hystérésis.

— Dans les réseaux polyphasés, un creux commence lorsque la tension Ugys d'une ou
plusieurs voies tombe en dessous du seuil de creux et se termine lorsque la tension Ugg
sur toutes les voies mesurées est égale ou supérieure au seuil de creux plus la tension
d’hystérésis.
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Le seuil de creux et la tension d’hystérésis sont tous deux déterminés par l'utilisateur en
fonction de I'application.

5.4.2.2 Evaluation d’un creux de tension

Un creux de tension est caractérisé par une paire de données, la tension résiduelle (U,.s) ou la
profondeur d'une part et la durée d'autre part:

— la tension résiduelle d'un creux de tension est la plus petite valeur de Ugy mesurée sur
n'importe quelle voie au cours du creux;

— [fa profondeur est la difference entre la tension de reference (Ug, ou Ug) et 1a tengion
résiduelle. Elle s’exprime en général en pourcentage de la tension de référence.

NOTE 1 Pendant le creux, il peut également étre utile d'enregistrer la plus petite valeur de Uggs(4y SUr chaque
voie de mesure, en plus de celle de la tension résiduelle du creux. La durée écoulée sous le seuil-de creux|sur
chaque voie de mesure peut également étre utile.

NOTE 2 Siles formes d'onde de tension sont enregistrées avant, pendant et aprés unscreux, des informatfons
utiles sur les variations d'angle de phase peuvent étre disponibles dans les données enregistrées.

L’instant de début d'un creux doit étre horodaté avec I'heure de fin de~tjy de la voie a I'origine
de |['événement, et l'instant de fin du creux doit étre horodaté aved Kheure de fin de la valpur
Ugfr qui a terminé I'événement, tel que défini par le seuil plus I'’hysterésis.

La|durée d’'un creux de tension est la différence de temps entre I'instant de début et l'instant de
fin |[du creux de tension.

NOTE 3 Pour les mesurages polyphasés, le mesurage de la-durée du creux peut commencer sur une voie ef se
terminer sur une voie différente.

NOTE 4 L’enveloppe des creux de tension peut ne pas-étre rectangulaire. En conséquence, pour un creuy de
tengion donné, la durée mesurée dépend de la valeur@e seuil de creux sélectionnée. La forme de I’enveloppe peut
étrg évaluée au moyen de plusieurs seuils de creux'dans la plage de détection des seuils de creux de tension ef de
coupure de tension.

NOTE 5 L’hystérésis est en général égale &2°% de Uy;,.

NOTE 6 Les seuils de creux sont généralement dans la plage de 85 % a 90 % de la référence de tension fixe pour
des|applications de recherche de paphes ou statistiques.

NOTE 7 La tension résiduelle\est souvent utilisée par l'utilisateur final, et peut étre préférentielle car elle|est
réfédrencée par rapport a zéro“volt. En revanche, la profondeur est souvent utilisée par les opérateurs de réseau
d’électricité, en particulierndans les réseaux a haute tension ou en cas d’utilisation de la tension de référgnce
glispante.

NOTE 8 Un saut de phase peut se produire pendant un creux de tension. Voir A.5.5.

NOTE 9 Lorsquiun seuil est franchi, un horodatage peut étre enregistré.

.3 Détection et évaluation d’une surtension temporaire a fréquence industrielle

Le seuil de surtension temporaire a fréquence industrielle est un pourcentage soit de Uy;,, soit
de la tension de référence glissante U, (voir 5.4.4). L'utilisateur doit déclarer la tension de
référence utilisée.

NOTE La tension de référence glissante U, n'est en général pas utilisée dans les réseaux basse tension. Voir
I'lEC TR 61000-2-8 pour plus d’informations et de conseils.

— Sur les réseaux monophasés, une surtension temporaire a fréquence industrielle
commence lorsque la tension Ug; s’éléve au-dessus du seuil de surtension temporaire a
fréquence industrielle, et se termine lorsque la tension Uy est égale ou inférieure au seuil
de surtension temporaire a fréquence industrielle moins la tension d’hystérésis.
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Dans les réseaux polyphasés, une surtension temporaire a fréquence industrielle
commence lorsque la tension Ugys d’'une ou plusieurs voies passe au-dessus du seuil de
surtension temporaire a fréquence industrielle et se termine lorsque la tension Ugy sur
toutes les voies mesurées est égale ou inférieure au seuil de surtension temporaire a

fréquence industrielle moins la tension d’hystérésis.

Le seuil de surtension temporaire a fréquence industrielle et la tension d’hystérésis sont tous

deux déterminés par l'utilisateur en fonction de I'application.

5.4.3.2 Evaluation d’une surtension temporaire a fréquence industrielle

Ung surtension temporaire a fréquence industrielle est caractérisée par une paire de données:

amplitude maximale de la tension de surtension et sa durée:

— |la tension maximale de surtension temporaire a fréquence industrielle est lapplus gra
valeur de Ugy mesurée sur n’'importe quelle voie pendant la surtension\temporair
fréquence industrielle;

— |l'instant de début d’'une surtension temporaire a fréquence industrielle -doit étre horod
avec l'heure de fin de Ugfs de la voie a l'origine de I'événement et“I'instant de fin dg
surtension temporaire a fréquence industrielle doit étre horodaté avec I'heure de fin dg
valeur Ugff qui a terminé I'événement, tel que défini par le seuil moins I'hystérésis;

de
a

até
la
la

— |la durée d’une surtension temporaire a fréquence industrielle’ est la différence de temps

entre le début et la fin de la surtension temporaire a fréquence industrielle.

NOTE 1 Pour les mesurages polyphasés, le mesurage de la durée. de la surtension temporaire a fréqug
indystrielle peut commencer sur une voie et se terminer sur une vgie différente.

NOTE 2 L'enveloppe d'une surtension temporaire a fréquenee industrielle peut éventuellement ne pas
rectangulaire. En conséquence, pour une surtension tempaoraire a fréquence industrielle donnée, la durée mes
dépend de la valeur du seuil de surtension temporaire a fréquence industrielle.

NOTE 3 L’hystérésis est en général égale a 2 % de-U] .

NOTE 4 Le seuil de surtension temporaire a frequence industrielle est en général supérieur a 110 % de Uy; ..

NOTE 5 Un saut de phase peut également'se produire pendant une surtension temporaire a fréquence industri

NOTE 6 Lorsqu'un seuil est franchisun horodatage peut étre enregistré.
5.44 Calcul de la tension de référence glissante

La |mise en ceuvre desla‘tension de référence glissante est optionnelle et n’est pas obligato
Si une référence glissante est choisie pour détecter les creux de tension et les surtensi

nce

Etre
rée

elle.

re.
pNsS

tenpporaires a fréquence industrielle, elle doit étre calculée au moyen d’un filtre du prenjier

ordre avec uneteonstante de temps de 1 min. Ce filtre est donné par

Usr(n) = 0,9967 X Ugy(,,_1y 0,0033 X U10/12)eff
ou
Usr(n) est la valeur courante de la tension de référence glissante;
Usr(n—1) est la valeur précédente de la tension de référence glissante; et

Unonzyers st la valeur efficace 10/12 périodes la plus récente.

Au début du mesurage, la valeur initiale de la tension de référence glissante est fixée a la
tension d’entrée déclarée. La tension de référence glissante est mise a jour toutes les 10/12
périodes. Si une valeur sur 10/12 périodes est «marquéey, la tension de référence glissante

n'est pas mise a jour et la valeur précédente est utilisée.
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L’incertitude de mesure ne doit pas dépasser + 0,2 % de Uy;,-
Classe S

L’incertitude de mesure ne doit pas dépasser = 1,0 % de Uy;,-

5.4.5.2 Incertitude de mesure de durée

5.4.5.3 Agrégation

L’agrégation n’est pas applicable aux événements déclenchés.

5.5

5.5,

Le

5.5

Le

Su
des
suf

seuil de coupufe de tension est un pourcentage de Uy;p,.

Classe A

.5 Incertitude de mesure et étendue de mesure

.5.1 Incertitude de mesure de la tension résiduelle et de I'amplitude de la tension
de surtension temporaire a fréquence industrielle

Classe A

L'incertitude sur la durée d'un creux ou d’une surtension temporaire avfréquence
industrielle est égale a l'incertitude sur le début du creux ou de la surtensiofi®temporairg a

fréquence industrielle (demi-période) plus lincertitude sur la fin du_creux ou de
surtension temporaire a fréquence industrielle (demi-période).

Classe S

Si Ugsr(1y) est utilisée, alors lincertitude sur la durée d'un creux ou d'une surteng
temporaire a fréquence industrielle est égale a l'incertitude sur le début du creux ou dg
surtension temporaire a fréquence industrielle (demi-période)plus l'incertitude sur la fin
creux ou de la surtension temporaire a fréquence industrielle (demi-période). Si Uetf(1)
utilisée, alors l'incertitude sur la durée d’un creux, eb/d’une surtension temporairg
fréquence industrielle est égale a I'incertitude sur le~début du creux ou de la surteng
temporaire a fréquence industrielle (une période) plus 'incertitude sur la fin du creux ou
la surtension temporaire a fréquence industrielle’(une période).

Coupures de la tension d’alimentation
1 Méthode de mesure

mesurage de base de la_tension doit étre tel que défini en 5.4.1 pour chacune des classe

.2 Evaluation d’une coupure de tension

les réseadx monophasés, une coupure de tension commence lorsque la tension Ugg est
sous du-seuil de coupure de tension et se termine lorsque la valeur de Ug est égale
érigure au seuil de coupure de tension plus I’hystérésis.

ion
la
du
est
a
ion
de

Uy

en
ou

Su

les reseaux polyphases, une coupure de tension commence lorsque la tension Ugg

de

toutes les voies est en dessous du seuil de coupure de tension et se termine lorsque la tension
Uqs de n'importe quelle voie est égale ou supérieure au seuil de coupure de tension plus
'hystérésis.

Le seuil de coupure de tension et la tension d’hystérésis sont fixés par l'utilisateur en fonction
de I'application. Le seuil de coupure de tension ne doit pas étre fixé en dessous de l'incertitude
de mesure de la tension résiduelle plus la valeur de I'hystérésis. En général, I'hystérésis est
égale a 2 % de Ugy;,-

L’instant de début d’une coupure de tension doit étre horodaté avec I'heure de fin de Uy de la
voie a l'origine de I’événement et l'instant de fin de la coupure de tension doit étre horodaté
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avec I'heure de fin de la valeur Uy qui a terminé I'événement, tel que défini par le seuil plus
'hystérésis.

La durée d’'une coupure de tension est la différence de temps entre le début et la fin d’'une
coupure de tension.

NOTE 1 Le seuil de coupure de tension peut par exemple étre fixé 8 5 % ou 10 % de U,

NOTE 2 La définition IEC 60050-161:1990, 161-08-20 considére qu’une coupure se produit lorsque la valeur de la
tension est inférieure a 1 % de la tension nominale. Cependant, il est difficile de mesurer correctement des
tensions inférieures a 1 % de la tension nominale. En conséquence, I'utilisateur pourrait envisager de fixer un seuil
appfoprié de coupure de tension.

NOTE 3 La coupure d'une ou plusieurs phases d'un réseau polyphasé peut étre considérée comme une ‘coupure
de lJalimentation chez les clients monophasés raccordés a ce réseau, méme si cela n'est pas répertorié cemme fune
coupure dans un mesurage polyphasé.

5.5.3 Incertitude de mesure et étendue de mesure

Pour I'incertitude de mesure de durée, voir 5.4.5.2.

5.54 Agrégation

L’agrégation n’est pas applicable aux événements déclenchés.

5. Tensions transitoires

L'Article A.3 donne des informations sur les parameétres importants nécessaires a| la
canractérisation des tensions transitoires. Le mesurage des tensions transitoires peut étre utile
majis n'est pas obligatoire.

5.71 Déséquilibre de la tension d’alimentation
5.711 Méthode de mesure
Leg mesurages de déséquilibre s’appliquent uniqguement aux réseaux triphasés.

— [Classe A

Le déséquilibre de la tension d’alimentation est évalué par la méthode des composantes
symétriques. Outreda composante directe Uy, en cas de déséquilibre s'ajoute au moins (yine
des composantes-Stlivantes: composante inverse U, et/ou composante homopolaire Uj.

La composante)fondamentale de la valeur des tensions d’entrée est mesurée sur|un
intervalle de.temps de 10 périodes pour les réseaux 50 Hz ou sur un intervalle de temps|de
12 périodes-pour les réseaux 60 Hz.

NOTE“t—L’effet des harmoniques est atténué en utilisant un filtre ou un algorithme de TFD (transforméqg de
Fouriep discrete).

MAOTLE 2 L L N H M i H i1 L ££. 1 L L S 4 HHN 4 L. t
NOTE2—tes-algerithmes—auittiisentuniatementies—raletrs—efficacespotur—eatetterte—déséguiibre—€ehetien

dans la prise en compte des contributions des décalages angulaires au déséquilibre, et sont la cause de
résultats imprévisibles lorsque des tensions harmoniques sont présentes. La composante inverse du
déséquilibre ainsi que la composante homopolaire du déséquilibre fournissent des valeurs plus précises et plus
facilement utilisables.

La composante inverse u, est évaluée sous forme d’un pourcentage et se calcule par:

uy = J2 11000, - tonsSion inverse _ 4o, (1)
Uq tensiondirecte

La composante homopolaire u; est évaluée sous forme d’un pourcentage et se calcule par:
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ug :ﬂxmo% _ tension homopolaire

U tension directe

x100% (2)

NOTE 3 La composante homopolaire du déséquilibre est nulle par définition lors de mesurages de tension
entre phases. Toutefois, les tensions phase-neutre ou phase-terre peuvent contenir une composante
homopolaire dans ce cas.

NOTE 4 Toutes les autres méthodes qui peuvent se révéler équivalentes d'un point de vue mathématique a
I'Equation (1) et a I'Equation (2) sont acceptables.

Classe S

5.7|.

5.7
Pa

NO
calqg

Le constructeur doit specifier les algorithmes et methodes utilises pour calculer le taux|de
composante inverse u,. L'évaluation de la composante homopolaire u, est optionnelle,
non obligatoire.

2 Incertitude de mesure et étendue de mesure
Classe A

L'incertitude doit étre inférieure a + 0,15 % a la fois pour u, et wug.“Par exemple,|un
appareil de mesure soumis a une composante inverse de 1,0 % deitfournir une indication
x telle que 0,85 % <x < 1,15 %.Voir la Figure 5 (voir la Figure 5).

Valeur mesurée acceptable

Valeurcvrajé

0,85 % 1,15 %

3%

IEC

Figure 5 — Exemple d'incertitude de déséquilibre de tension d'alimentation

Classe S
Identique a la Classe A.

.3  Evaluation du mesurage

5 d’exigencees.

[E L'incertitude des transformateurs de mesure, s’ils sont présents, peut avoir un impact considérable syr le
ulddu, déséquilibre.

5.7

L’a

5.8
5.8

.4  Agrégation

grégation doit étre réalisée conformément a 4.4 et 4.5.

Harmoniques de tension

.1 Méthode de mesure
Classe A

Le mesurage de base des harmoniques de tension pour la classe A est défini dans
I''EC 61000-4-7 Classe |. Cette norme doit étre utilisée pour déterminer un mesurage de
sous-groupe d’harmoniques sans discontinuité sur 10/12 périodes, appelé Usg.h dans
I'"EC 61000-4-7.
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