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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION
SYSTEMS UP TO 1 000 V AC AND 1 500 VDC. -
EQUIPMENT FOR TESTING, MEASURING OR
MONITORING OF PROTECTIVE MEASURES -

-
-

n
H

U=

n

«Q

QO

N
o -

3 00O m

— —_. —
ol

a
-

i

5S> UVeOo3Z » o

Part 12: Performance-measuring Power metering and

monitoring devices (PMD)

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object, of IEC is to prg

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To

is end and in addition to other activities, IEC publishes International Standatds, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides. 'thereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; anyMEC National Committee inter
the subject dealt with may participate in this preparatory work., International, governmental and
bvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accerdance with conditions determine
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters‘express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each,“technical committee has representation fro|
terested IEC National Committees.

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

order to promote international uniformity;, 1TEC National Committees undertake to apply IEC Public3
ansparently to the maximum extent possible in their national and regional publications. Any diverd
btween any IEC Publication and the cerresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any-dttestation of conformity. Independent certification bodies provide confg
Esessment services and, in Some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure t¢hat they have the latest edition of this publication.

o liability shall attach_to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage ef\any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tentioniis*drawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable for the correct application of this publication.

9) A

ions,
“IEC
psted
non-
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f IEC
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ct of

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subjg

patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change

has

been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61557-12 has been prepared by IEC technical committee 85:
Measuring equipment for electrical and electromagnetic quantities.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) PMD-A has been withdrawn due the fact these devices are now mainly covered by the IEC
2586 series of standards

b) Three categories of PMD have been created with a list of minimum required functiong for
gach category.

c) Added a new Annex A explaining the different applications linked to the relevant standprds
and devices, and another new Annex C about the power factor conventionst

The|text of this International Standard is based on the following documents:

FDIS Report on voting

85/644/FDIS 85/649/RVD

Fulllinformation on the voting for the approval of this International Standard can be found in
the feport on voting indicated in the above table.

Thisjdocument has been drafted in accordance withd4he ISO/IEC Directives, Part 2.

A ligt of all parts in the IEC 61557 series, published under the general title Electrical safefy in
low poltage distribution systems up to 1 000~V AC and 1 500 V DC - Equipment for tes}ing,
meajsuring or monitoring of protective measures, can be found on the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC'website under "http://webstore.iec.ch" in the data related to
the $pecific document. At this date, the document will be
e rleconfirmed,

e Withdrawn,

e 1leplaced by a revised edition, or

e amended.

IMPDRTANT — The 'colour_inside' logo on the cover page of this publication indicdtes
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

— technological evolutions (electronic loads, electronic measuring’methods, etc.);

— ¢énd-users needs (cost saving, compliance with aspegts, of building regulations,
negarding electrical energy management as well a$ other energies, or fluids. Q
functionalities involving several non electrical parametets are often needed in parallel;

— gafety and continuity of service;

— ¢volution of installation standards, for instance over-current detection is now a
nequirement for the neutral conductor due téarmonic content.

Mon

The
syst
choi
Thig
theit

In 0
elec
sen;s
to a
sup4
prog

S
[
neduce carbon emissions and to improve the commercial efficiency of manufactu
c

gy distribution systems need to guarantee energy efficiency, availability and net
brmances in order to address the following challenges:

ustainable development requirements where energy measurement; for instance
ecognised as an essential element of energy management, part of the overall driy

ommercial organizations and public services;

itoring electrical quantities in internal networks allows to address these challenges.

devices on the current market\have different characteristics, which need a com
em of references. Therefore there is a need for this document in order to facilitate
ces of the end-users in terms of performance, safety, interpretation of the indications,
document provides a basis by which such devices can be specified and described,
performance evaluated.

rder to fulfil the~fequirements of the energy efficiency project, many PMD meast
frical parametefs,can also collect data (water, air, gas, temperature...) coming from d
ors or meters,inside building or plant areas. In order to be able to transmit all these
supervisigh software it will be relevant to equip the PMD with a communication bus.
rvision (software will then manage all the collected data in order to monitor them
uce useful reports for energy usage and consumption analysis.

vork
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ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION
SYSTEMS UP TO 1 000 V AC AND 1500 V DC. -
EQUIPMENT FOR TESTING, MEASURING OR
MONITORING OF PROTECTIVE MEASURES -

Part 12:-Perfermance-measuring Power metering and

monitoring devices (PMD)

1 [Scope

This| part of IEC 61557 specifies requirements for-combined-performance—measuring power

metgring and monitoring devices (PMD) that measure and monitor the electrical-paramqters

regyirements also define the performance in single- and three-phase“AC or DC sys

having rated voltages up to 1 000 V AC or up to 1 500 V DC.

These devices are fixed-instaled or portable. They are intended”to be used indoors an

qua{tities within electrical distribution systems, and optionally other external signals. T:rese

ems

outdoors. This standard-is not-applicable for:

devibes hel
aey

Conbined-performancemeasuring Power metering and monitoring devices (PMD), as defined
in this document, give\additional safety information, which aids the verification of| the

installation and enhances the performance of the distribution systems.
[a\

if tha laval af harmaonies is ctil camnliant with tha wirin ac
H ES5S = e HH S

fal -
| trC—TC vV O iar o StHT—CoTPar v oo \AJ g Y LI ==y

Thetcombihetperfermance—measuring power metering and monitoring devices (PMD) for

electrical jparameters described in this document are used for general industrial [and

ermal apphcatlons —A—PMD—A—FS—a—spee%PMD—eempLymg—\mh—reqﬁwemenﬁ—e#

This document does not address functional safety and cyber security aspects.

This document is not applicable for:

electricity metering equipment that complies with [EC 62053-21, IEC 62053-22,
IEC 62053-23 and IEC 62053-24. Nevertheless, uncertainties defined in this document for
active and reactive energy measurement are derived from those defined in IEC 62053 (all
parts);

the measurement and monitoring of electrical parameters defined in IEC 61557-2 to
IEC 61557-9 and IEC 61557-13 or in IEC 62020;

power quality instrument (PQI) according IEC 62586 (all parts);
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— devices covered by IEC 60051 (all parts) (direct acting analogue electrical measuring
instrument).

NOTE 1 Generally such types of devices are used in the following applications or for the following general needs:

— energy management inside the installation, such as facilitating the implementation of documents such as
ISO 50001 and IEC 60364-8-1;

— monitoring and/or measurement of electrical parameters-that-may-bereguired-orusual;

— measurement and/or monitoring of the quality of energy inside commercial/industrial installations.

NOTE 2 A measuring and monitoring device of electrical parameters usually consists of several functional
modules. All or some of the functional modules are combined in one device. Examples of functional modules are
mentfored-below:

— Ipeasurement and-irdication monitoring of several electrical parameters simultaneously;
— dnergy measurement and/or monitoring, as well as sometimes compliance with aspects of building fegulatjons;
— dlarms functions;

— fewer demand side quality (current and voltage harmonics, over/under voltages, voltage dips-and swells, gtc.).

NOTIE 3 PMD are historically called power meter, power monitor, power monitor device, ‘poWer energy moniforing
devige, power analyser, multifunction meter, measuring multifunction equipment, energy\meters.

NOTE 4 Metering, measuring and monitoring applications are explained in AnnexA.
2 Normative references

The|following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document,~For dated references, only the edjtion
cited applies. For undated references, the latest edifion of the referenced document (including
any amendments) applies.

IEC|60068-2-1, Environmental testing — Part-2¢1: Tests — Test A: Cold
IEC[60068-2-2, Environmental testing £Part 2: Tests — Tests B: Dry heat

IEC60068-2-30, Environmental  testing — Part 2-30 — Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

\ecl , tage elactrical installati . \esificat

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC161000-4-54~Elactromaanetic compnatibhilitv(EMC) Part 4.5 Tactina—and -measurement
= 1o v v o400 = e CHoOaghedc—-CCompatiniity(Evis) —at—4-o—eStihgana—measurefpent
IECIEMNA0-4-15  Elactromaaneatic comnatihilitv (EMC) Dart 4 actinag _and measiiramant
= oYY o4a4—1o, = CHomaghRetdc— Compativhity (Vi) —at—a—eSsthRg—aRc-Reasteinent
tachmooes ot S—FEhrkermeter Ermctormraarnadd e oo ecfications
tecHHHEEES <> CHOHTo—FHEKEHHEHE = cHoHa eSS SpecHHEatHoHS

IEC 61000-4-30:2003 2015, Electromagnetic compatibility (EMC) — Part 4-30: Testing and
measurement techniques — Power quality measurement methods

IEC 61010-1:2002 2010, Safety requirements for electrical equipment for measurement,
control, and laboratory use — Part 1: General requirements
IEC 61010-1:2010/AMD1:2016
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IEC 61010-2-030:2017, Safety requirements for electrical equipment for measurement, control,
and laboratory use — Part 2-030: Particular requirements for testing and measuring circuits

IEC 61326-1:2005 2012, Electrical equipment for measurement, control and laboratory use —
EMC requirements — Part 1. General requirements

IECIE2052.22:-2002 Flactricitvy matarinag aairinmant (4 ~ Darticular antlramante Dart 292-
HEC162053-22:2003; Electricity-metering-equipment(a-c—Particular Requiremgnts —Par22:
Shofemotoreerostiee s Leloesne 00 © sl O E O

IEFCIE2052.22-20N2 EFlactricitv motarinag aaiinmaent (4 o ) Particilar roaMhirdmanta Dart 22-
HEC162053-23:2003; Electricity metering-equipment{(a-c)—Particular reqbirements —Par-23:
et e e s n e pnnree s Lelocene B ool o

IEC|62053-31:1998, Electricity metering equipment (a.c.) — Particular requirements — Part 31:
Pulde output devices for electromechanical and electronic meters (two wires only)

3 [Terms, definitions and notations

For the purposes of this document,—the—terms—andcdefinitions—giverrtEC61557-1—udless
othgrwise-specified-in-this-standard,—and the following terms, definitions and notations apply.
ISOfand IEC maintain terminological datafiaSes for use in standardization at the folloyving
addiesses:

e |EC Electropedia: available at http¥//www.electropedia.org/

e |[SO Online browsing platform: available at http://www.iso.org/obp

3.1 | General definitions

3.1.1

performance-measdrig power metering and monitoring device

PML

compination in <€ or more devices of several functional modules dedicated to-measyring

mets

installationsi.dsed for applications such as energy efficiency, power monitoring and net

perf

brmance.-A-PMB-can-be-used-ir-eonnection-with-sensers-{see-4-3)

bring andSamonitoring electrical parameters in energy distribution systems or electrical

vork

AP

7%

efinition.

Note 1 to entry: Under the generic term “monitoring” are also included functions of recording, alarm management,

etc.

Note

2 to entry: These devices may include—pewer demand side quality functions for monitoring i

commercial/industrial installations.

Note

3 to entry: This note applies to the French language only.

nside
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3.1.2

pow

er quality assessment function

power quality functions whose measurement methods are defined in IEC 61000-4-30

3.1.3

sup
part
cust

Note
gene

PTy side
of the grid where electric energy is generated, transmitted and distributed to\e‘éi
pbmers through the public supply network

®

1 to entry: This definition encompasses micro-grids, decentralised generators or @l wable e
ators. R

ruse

hergy

ictric

3.1.4 \Q/
demand side N
part|of the grid where electric energy is consumed b Qn?—use customers within their ele
distifibution system Qé
3.1.% 5\0\\
poirjt of common coupling QO
PCQ O
poinft of a power supply network, electri@ly nearest to a particular load, at which other Ipads
are,|lor may be, connected N
3

Note|l to entry: i %ro i i isti 'si i

y: These loads can be Qtﬂ devices, equipment or systems, or distinct customer's installationg.
Note

[SO

3.1.6 O

powler quality :

characteristi the electric current, voltage and frequencies at a given point in an elg
pow

Note

2 to entry: In some applica@@@the term “point of common coupling” is restricted to public networks.

URCE: IEC 60050-@;[:’1990, 161-07-15]

O

Er systé evaluated against a set of reference technical parameters

ctric

edin

an el

i@ntry: These parameters might, in some cases, relate to the compatibility between electricity suppl
b Cc power system and the loads connected to that electric power system

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.1.7
dedicated external sensor
proprietary external sensor able to operate only with a range of PMD specified by the

man

ufacturer

3.1.8

curr
CS

ent sensor

electrical, magnetic, optical or other device intended to transmit a signal corresponding to the
current flowing through the primary circuit of this device
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1 to entry: A current transformer (CT) is in general a magnetic current sensor.

2 to entry: This note applies to the French language only.

3.1.9

com

pliance voltage

value of the voltage that can be developed at the current analog output-ef-a—current-generator
while conforming to the requirement of the uncertainty specification for that output

Note 1 to entry: This definition applies to current analog output signals.

3.1.10

volthge sensor

VS

electrical, magnetic, optical or other device intended to transmit a signal corresponding tq the
voltage across the primary terminals of this device

Note|l to entry: A voltage transformer (VT) is in general a magnetic voltage sensor.

Note|2 to entry: This note applies to the French language only.

3.1.11

selftpowered PMD

equipment—able—to—werk—without—an—auxiiary where measuring) terminals are also used for
powgr supply

uts—internal-batteries—or
} tS—HHterfRar—batteHes—of

ther
the+

3.1.
aux
exte

3.1.
tran
PML
tran

Note

3.1.
prin
regi
the 1

| 2
liary power supply

| 3
sformer operated PMD

Eformer(s)

1 to entry: Transformer operated PMD corresponds to PMD Sx or PMD xS in this document.

|4
ary register

ransfarmers (voltage and current transformers) to which the meter is connected

rnal power supply, either AC or DC;\that powers the PMD through dedicated terminals
separated from the measurement inputsiof the PMD

intended to be conre¢ted to the circuit(s) being measured via external instrumpent

bter of an-instrument transformer-operated meter which takes into account the ratios ¢f all

Note

1 1o entry: The value of the energy on the primary side of the transtormers IS obtainable Trom the

reading of the register.

[SOURCE IEC 62053-52:2005, 3.4]

3.1.15

half-primary register
register of an instrument transformer-operated meter which takes into account either the
ratio(s) of the current transformer(s) or the ratio(s) of the voltage transformer(s), but not both

direct

Note 1 to entry: The value of the energy on the primary side of the transformer(s) is obtainable from the reading
of the register multiplied by an appropriate factor.

[SOURCE IEC 62053-52:2005, 3.5]
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Definitions related to uncertainty and performance

3.2.1

refe

rence conditions

appropriate set of specified values and/or ranges of values of influence quantities under which
the smallest permissible uncertainties of a measuring instrument are specified

Note 1 to entry: The ranges specified for the reference conditions, called reference ranges, are not wider, and are

usual

ly narrower, than the ranges specified for the rated operating conditions.

[SOURCE: IEC 60359:2001, 3.3.10]

3.2.

megsurand

guatity subjected to measurement, evaluated in the state assumed by the measied system
during the measurement itself

[SOURCE: IEC 60359:2001, 3.1.1, modified — the notes have been removedy

3.2.8

uncertainty

pargmeter, associated with the result of a measurement, that eharacterizes the dispersidn of
the yalues that could reasonably be attributed to the measurand

Note|l to entry: In this document, measurement uncertainty inclugesseomponents arising from systematic effects
and ffom random effects

3.2.4

intrinsic uncertainty

uncertainty of a measuring instrument when used under reference conditions

Note|l to entry: In this document, it is a percentage of the measured value defined in its rated range and with the
othedinfluence quantities under reference conditions, unless otherwise stated.

[SOURCE: IEC 60359:2001, 3.2.20,)modified — a note has been added.]

3.2.%

inflyence quantity

quantity which is not._the subject of the measurement and whose change affects| the
relationship between(the indication and the result of the measurement

Note|l to entry: _IfAfluence quantities can originate from the measured system, the measuring equipment dr the
envirpnment [IEV

Note|2 to entry: As the calibration diagram depends on the influence quantities, in order to assign the resulf of a
meagqurement’it is necessary to know whether the relevant influence quantities lie within the specified range [IEV].
[SOJRCE H=E 603592001, 3114, modified—roete3hasbeen |C|||uvcd.]

3.2.6

variation

<-gdue-tea under single influence quantity>
difference between the value measured under reference conditions and any value measured

with

in the influence range

Note 1 to entry: The other performance characteristics and the other influence quantities should stay within the
ranges specified for the reference conditions.
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3.2.7
{rated) operating conditions
set of conditions that must be fulfilled during the measurement in order that a calibration

diag

ram may be valid

Note 1 to entry: Beside the specified measuring range and rated operating ranges for the influence quantities, the
conditions may include specified ranges for other performance characteristics and other indications that cannot be
expressed as ranges of quantities.

[SOURCE: IEC 60359:2001, 3.3.13]

3.2.8

ope

| : .

calc
uncq

Note
instry
algeNq
quan
unce

propd

Note
as a

Note
class]

Note
deve

HEG

3.2.
ove

uncertainty including the-instrumental uncertainty of several separated instruments—{sens
irep,—measuring—instrument,—etc)—under—the rated—operating—conditions (voltage ser

bnt sensor and PMD)

W€
curr

ating uncertainty

lated uncertainty taking into account the intrinsic uncertainty and the. additi
brtainties due to the defined influence quantities

1 to entry: The operating-iastrumental uncertainty, like the intrinsic one, is not evajuated by the user
ment, but is stated by its manufacturer or calibrator. The statement may be expressed by means
raic relation involving the intrinsic—instrumental uncertainty and the values,of\one or several inflU
ities, but such a relation is just a convenient means of expressing a{set of operating—iastru
tainties under different operating conditions, not a functional relation 'to~be used for evaluating
gation of uncertainty inside the instrument.

2 to entry: An operating uncertainty reflects the quality of the desigfi/0f a device, and is not the same n|
berformance class or intrinsic uncertainty.

3 to entry: Operating uncertainty can be greater than intriasic uncertainty and greater than perforn

4 to entry: The concept of operating uncertainty isNelated to the concept of maximum permissible
oped in other documents, which is calculated from threg influencing quantities only.

definition 3.2.11. ified]

D
all-system uncertainty

onal

f the
pf an
ence
lental

the

ature

ance

error

sor,

uncq
the

rtaintystaking into account specified measurement range and limits for variations du
bpedified influence quantities

Note
cC=0

1 to entry: In this document, C stands for the numerical value of the function performance class (for instance

2).
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3.2.11

rated frequency

f,

value of the frequency-in A Ay
at which the specification of the PMD is def|ned

Plooie omnde o nepninn it e e e L2 C00T L

3.2.12
rated current

ixed at which the specification of a PMD operpted

n external Current sensor (PMD Sx) is defined

Pt comee o non sl oo n e D DT L

3.2.13
basic current

Iy

valuge of the current-ir—= j j : '
QM{—@MD—%—»S—M@G at WhICh the specmcatlon of a dlrect connected PMD (PMD Dx) is
defiped

3.2.14
starting current

I
st
lowgst value of the current at which the RMD starts and continues to register

[SOURCE: IEC 62052-11:2003, 3.5:1.1, modified — "meter" has been replaced by "PMD".]

3.2.15
maxjimum current

max
highlest value of current at which the PMD meets the uncertainty requirements of |this

docyiment

3.2.16

rated yolrage
Un
value of the voltage in accordance with which the relevant performances of the PMD are fixed

Note 1 to entry: Depending on the distribution system and its connection to the PMD, this voltage can be either
the phase to phase voltage or the phase to neutral voltage.

NOFE-U, standsfornominal-voltage-in tEC-61557-1-

3.2.17
nominal voltage

Unom
suitable approximate value of voltage used to designate or identify a system

[SOURCE: IEC 60050-601:1985, 601-01-21]
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3.2.18

minimum voltage

Umin . . ) .
lowest value of voltage at which the PMD meets the uncertainty requirements of this
document

3.2.19
maximum voltage

Umax
highest value of voltage at which the PMD meets the uncertainty requirements of this

document

3.2.20

resigual voltage

U .
resfie
minimum value of U recorded during a voltage dip or interruption

Note|l to entry: The residual voltage is expressed as a value i volts, or as a percentage or-peruhitvalue a
fractipn of the rated voltage.

3.2.21

declared input voltage
Udin
valug obtained from the declared supply voltage by a transducer ratio

[SOURCE: IEC 61000-4-30:2015,-3-25-medified 3.2]

3.2.92

slid|ng reference voltage
USI’
voltage magnitude averaged over one minute, representing the voltage preceding a volfage
dip or swell

3.2.23
demand value
avetlage value of a quantity over a specified period of time

3.2.24

peak demand value
highest demand value (positive or negative) since the beginning of the measurement or the
last reset

3.2.25

thermal demand

emulation of a thermal demand meter that provides an exponentially time lagged demand,
given a constant load, the indication reading 90 % of the actual demand in a specified time

Note 1 to entry: The time is specified by the manufacturer, usually 15 min.

3.2.26
three-phase average value
in a three- or four-wire system, the arithmetical average of-each all phase value
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3.2.27

maximum value

highest value measured or calculated since the beginning of the measurement or the last
reset

3.2.28
minimum value
lowest value measured or calculated since the beginning of the measurement or last reset

3.2.29

intepval
peripd of time used by the PMD to integrate RMS or instantaneous values in order to calcylate
demfand values

3.3 | Definitions related to electric phenomena

3.3.1
phage current
|
valug of the current flowing in each phase of an electrical distributiofnrsystem

3.3.2
neufral current

|
N
valug of neutral current of an electrical distribution system

3.3.8
phage to phase voltage
linejto line voltage

u
voltage between phases

[SOURCE: IEC 60050-601:1985, 601-01-29]

3.3.4
phage to neutral voltage
line|to neutral voltage

Vv
voltage between a phase in a polyphase system and the neutral point

[SOURCE: IEC/60050-601:1985, 601-01-30]

3.35%
freqguercy
¢ L

value of measured frequency in an electrical distribution system

3.3.6

power factor

PF

under periodic conditions, ratio of the—abselute value of the active power to the apparent
power

Note 1 to entry: This power factor is not the displacement power factor. Both are not equal in presence of
harmonics.

Note 2 to entry: This note applies to the French language only.
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[SOURCE: IEC 60050-131:2002 131-11-46, modified — the formula in the definition has not
been included, note 1 has been changed and a note 2 has been added.]

3.3.7

amplitude of harmonic current
Ih
value of the amplitude of the current at harmonic frequencies in the spectrum obtained from a
Fourier transform of a time function

3.3.8

amplitudeof harmonic \lnlfagn
Up
valug of the amplitude of the voltage at harmonic frequencies in the spectrum obtained Afrgm a
Fourier transform of a time function

3.3.9
statlonary harmonics
<voltage and current> harmonic content of the signal with the amplitude variation of ¢ach
harmonic component remaining constant within = 0,1 % of the amplitude‘of the fundamental

3.3.10

quagi-stationary harmonics
<voltage and current> harmonic content of the signal-with, in,which the amplitude variatign of
each harmonic-compoenent-ef-each for contiguous 10 (50cklz systems) or 12 (60 Hz systgms)
cycles-window-remaining remains within = 0,1 % of the<amplitude of the fundamental

3.3.11
subtharmonics
<voltage and current> interharmonic componént of harmonic order lower than one

Note|l to entry: In this document, sub-harmonic:eoOmponents are restricted to ranks being reciprocal of integgrs.

[SOURCE: IEC 60050-551:2001, 551-20-10, modified — the term has been changed from
"sull-harmonic component” to "sub-harmonics" and the domain has been indicated.]

3.3.12
flicKer
impression of unsteadiness of visual sensation induced by a light stimulus whose luminance
or spectral distributiop-fluctuates with time

[SOURCE: IEC60050-161:1990, 161-08-13]

3.3.13
volthge dip
tempota eductic
defined threshold

Note 1 to entry: Interruptions are a special case of a voltage dip. Post-processing may be used to distinguish
between voltage dips and interruptions.

Note 2 to entry: In some areas of the world a voltage dip is referred to as sag. The two terms are considered
interchangeable; however, this document will only use the term voltage dip.

[ _definition 3.30._modified]

3.3.14

voltage swell

temporary increase of the voltage at a point in the electrical distribution system above a
defined threshold
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: ified)

3.3.15

RMS voltage refreshed each half-cycle

L"rms Yo )

value of the RMS 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 RMS values at successive times
on different channels for polyphase systems

Note[ZT0 entry: This RMS voltage value may Pe a phase 10 phase value or a pnase to neutral value.

3.3.16
RM$ voltage refreshed each cycle
U

rm$(1)
valug of the RMS voltage measured over 1 cycle and refreshed each cycle

Note|l to entry: In contrast to U this technique does not define when a cycle commences.

rms(%2)’

Note|2 to entry: This RMS voltage value can be a phase to phase value or a phaséso-neutral value.

3.3.17

volthge interruption
redyction of the voltage at a point in the electrical distribution system below a defined
intefruption threshold

3.3.18

amplitude and phase-unbalanced voltage unbalance
condlition in a three-phase system in which the<RMS values of the line voltages (fundamental
component), or the phase angles between cofisecutive line voltages, are not all equal

Note|l to entry: The degree of the inequalityissusually expressed as the ratios of the negative-sequencg and
zero-gequence components to the positive-sequence component.

Note|2 to entry: In this document, voltageunbalance is considered in relation to three-phase systems.

3.3.19

amplitude-unbalanced voltage unbalance
condlition in a three-phase system in which the RMS values of the line voltages (fundamental
component) aresnot all equal.

Note|l to entry:~Fhe relative phase between the line voltages is not taken into account.

Note |2 to,entry: In this document, voltage unbalance is considered in relation to three-phase systems.

[ , ied]

3.3.20

transient overvoltage

short-duration overvoltage of few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped.

Note 1 to entry: Transient overvoltages may be immediately followed by temporary overvoltages. In such cases
the two overvoltages are considered as separate events.

Note 2 to entry: IEC 60071-1 defines three types of transient overvoltages, namely slow-front overvoltages, fast-
front overvoltages and very fast-front overvoltages according to their time to peak, tail or total duration, and
possible superimposed oscillations.
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[SOURCE: IEC 60050-604:2016,-664-03-13 604-03-14]

3.4

3.4.
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Note
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3.5
3.5.

p1 Q
t factor
to RMS ratio Q}’
NS
Definitions related to measurement techniques (19

| r\q/
surement window q§5\’

val during which a single measurement is performed, expresse seconds or in nur
ndamental cycles

1 to entry: Depending on the measurement technique the duration @g)measurement window may be
iable. g\

p & ©

blind gapless measurement Q

surement technique where the measuremen
sing contiguous measurement windows.

igperformed continuously without gap,

£HO ala

1 to entry: For digital techniques and for@&iven sampling rate, no sample is missing in the measurg
ssing. QQ

2 to entry: When-—zere-blind gapless measurement techniques are used, no assumption is made regg
ability of the signal,~ i ith as opposed to non-zere-blind gapless measurement techniques, \
gnal is considered to be stable\ ng the time where no measurement is done.

<

-

Notations .
O@

| Function

ot F&%@

nber

fixed

ment

rding
here
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N T short-term-flicker/long-term-flicker

. ncluding U o 0 . o
ude Inchuding Yo,y {1
e inclucing U,y 4 . "

total L lotadl +

swl

HPS S Lt £ &l il
teter e O et SOttt et v ot g t—reraretro—rufaaiefter

ol Function Q)
total active power Q/C)
total active energy S\\

D/ total reactive power arithmetic / total reactive powe r

E total reactive energy arithmetic / total reactive %@y vector
total apparent power arithmetic / total appar power vector

E total apparent energy arithmetic / total apmnt energy vector

frequency \"Q

phase current (Ip: current on line

.

measured neutral current / ¢ ted neutral current

line to line voltage (Upg: Im@ to line g)
line to neutral voltag< 5 line p to neutral)

Vv arithmetic power f(c)or / vector power factor
NOTE PFV§Q§(¢) when no harmonics are present

P short te ker / long term flicker

volt dips line to line (Upg dip* line p to line g)

e dips line to neutral (Vp line p to neutral)

dip:

Itage swells line to line (Upg <wi- line p to line g)

Q/C) voltage swells line to neutral (V . line p to neutral)

p swl

transients gvervgliaage line to ling (1) line ntgline g)
) A g I7

= total-harmonicdistortion-veoltagerelated-to+rm-s—value
Q
R; total-harmonic-currentrelated-to-r-m-s—value ’(1/

< c < c<c<c<oc6o
g 2 5 % %

>
o

>
o

=]
o
)

gtr

transients overvoltage line to neutral (Vp « line p to neutral)

voltage Interruption line to line (Upg int- line p to line g)
voltage interruption line to neutral (Vp int line p to neutral)

amplitude and phase voltage unbalance line to line (U line p to line g)

pg nb

amplitude and phase voltage unbalance line to neutral (V_ _ :line p to neutral)

p nb
current unbalance phase and amplitude
amplitude voltage unbalance line to line (Upg nbat liN€ p to line g)
amplitude voltage unbalance line to neutral (Vp nba' lin€e p to neutral)

current unbalance amplitude

voltage harmonics line to line (Upg p: line p to line g)
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v, voltage harmonics line to neutral (Vp p: line p to neutral)

THD, total harmonic distortion voltage line to line related to fundamental
THD-R, total harmonic distortion voltage line to line related to RMS value
THD, total harmonic distortion voltage line to neutral related to fundamental
THD-R, total harmonic distortion voltage line to neutral related to RMS value
THD-R total harmonic current related to RMS value

3.5.2 Symbols and abbreviations

%U | percentage of U
%I, percentage of I
%I, percentage of I
3.5.8 Indices

a active

r reactive

ap apparent

n rated

b basic

nom nominal

N neutral

c calculated

h harmonic

i current

u voltage

dip dips

swl swells

tr transient

int interruption

nb unbalance

nba amplitude‘unbalance
A arithmetic

\% vectorial

min minimum value
max maximum value
avg average value
peak peak value
resig residual

4 Requirements

4.1 General requirements

The following requirements—as—wel—as—those—given—in—tEC-61557-1 shall apply unless

otherwise specified hereafter.
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4.2

PMD general architecture

Orngization of the measurement chain: the electrical quantity to be measured may be™e

ther
dire¢tly accessible, as it is generally the case in low-voltage systems, or accéssible via
measurement sensors like voltage sensors (VS) or current sensors (CS).
Figure 1 shows the common organization of a PMD.
In spme cases when a PMD does not include the sensors, their assaciated uncertaintieq are
not |[considered. When a PMD includes the sensors, their associated uncertainties| are
congidered.
T Communication protocol
r —L -—
Communication
' management '
L] T- -
- . TS - - T T .
l Measurement Acquisition Processing Evaluation ' Display l
sensors — unit — P unit 7 % unit — unit
A b' (see Note 1) l A : ' |
. - e o - - TS TS TS
: w |
'management '
-— TED TS -
5 s : 110
Eledtrical input Input signal to Measurement
ignals be measured results IEC
NOTE 1 It is\not necessary that the parts in the dotted lines be included in the PMD.
NOTE 2/,M@ are analog and/or digital signals with alarms.
Figure 1 — PMD generic measurement chain
4.3 Classification of PMD

PMD are classified according to the applications as defined in Table 1.
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Table 1 — Functional classification of PMD with minimal required functions

PMD type P
Functionalities PMD-I PMD-1I PMD-I1I
symbol? . ) L
Energy efficiency Basic power Advanced power monitoring
monitoring /network performance
P |
Q | |
S ] |
E, | | |
E, | |
Eap |
f |
| |
In |
U and/or V u u
PF | |
[HD , and/or THD,,
arjd/or THD-R , and/or |
THD-R,
THD; and/or THD-R; ]

a8 DPnly total quantities are mandatory

b For PMD other than PMD-I, PMD-1I and PMD-III, called\NPMD-x, other combinations of functions are allojved
hnd shall be specified by the manufacturer.

4.4 | Structure of PMD
4.4 Structure of PMD related-{o sensors
PMD can have either an interfial sensor, or may need an external sensor, as shown in
Figure 2. Depending on these. characteristics, PMD can be split in four categories as defjned
in Table 2.
Table 2 —Classifieation Structure of PMD
Current measurement
Sensor operated PMD Direct connected PMD
(current sensors out of PMD) (current sensors in PMD))
= PMD Sx = PMD Dx
BirectcommectedPMb PMB-SB PMBDD
€ (voltage sensors in PMD) - . . . . B
o @ (Semi-direct insertion) (Direct insertion)
o5 = PMD xD
(5 _
;O § Sensor operated PMD PMD SS PMD DS
o| (voltage sensors out of PMD) . . . - . .
= (Indirect insertion) (Semi-direct insertion)
= PMD xS
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+—U 3 -—U— 4
e < 7P—»
PMD SD PMD DD
Acquisition and Acquisition and
processing units &I Current processing units |
sensor
-

Y

O

IEC 61557-12:2018 RLV © IEC 2018

-U— o
<U—
Voltage
PMD SS sensor PMD DS Vekage
sensor
L 4— —®
Acqulsmon aqd Acquisition and o RN
brocessing units processing units
—— I
Current
sensor

-

N I |

IEC

NOTE A PMD specified as a PMD Dx (respectively PMD xB).can sometimes, under certain conditions, be usgd as
a PMPD Sx (respectively PMD xS) when used with external,sénsors provided that it complies with both requirements
of PMD Sx and Dx (respectively PMD xS and xD).

Figure 2 — Description of different types of PMD

4.4.2 Requirements for self-powered PMD

Thrge-phase self-powered PMDJshall measure within the specified accuracy limits even in the
eveit one of the three phasgsiof two of the three phases are disconnected.

B
o1

List of applicableyperformance classes
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Table3 annr‘ifinc the list of allowed Innrfnrmnnm:- classes

Table 3 — List of applicable performance classes
Actiye energy 0,2 0,5 1 2
Actiye power 0,1 0,2 0,5 1 2 2,5
Reaftive energy 2 3
Reaftive power 1 2 3
Appgrent energy 0,2 0,5 1 2
Appfirent power 0,2 0,5 1 2
Frequency 0,02 0,05 0,1 0,2 0,5
Phage current 0,05 0,1 0,2 0,5 1 2
Meakured neutral current 0,2 05 1 2
Caldulated neutral current 0,1 0,2 0,5 1 2
Voltage 0,05 0,1 Q\2 0,5 1 2
Powgr factor 0,5 1 2 5
FlicHer 5
mesburement 05 |1 |2
Voltage interruption 0,5 1 2
Voltage unbalance 0,2 0,5 1
Voltpge harmonics 1 2 3 5
Voltage THD 1 2 3 5
Curl]ent unbalance 0,2 0,5 1
Currlent harmonics 1 2 3 5
Curllent THD 1 2 3 5
Thelrequirements for the performance for a PMD associated with a dedicated external sehsor

are the same as for a direct connected PMD. Each combination of a PMD associated with a
dedicated external sensor shall be considered as a PMD DD that needs to comply with the
performance requirements of this document.

EXAMPLE If a manufacturer provides three different types of dedicated sensors (for example, a 100 A dedicated
CT, a 500 A dedicated CT and a 1 000 A dedicated CT), then the manufacturer would provide three separate
performance type test reports (one for the tests related to the PMD associated with the 100 A dedicated sensor,
one for the tests related to the PMD associated with the 500 A dedicated sensor and one for the tests related to the
PMD associated with the 1 000 A dedicated sensor). The manufacturer shall provide proper justification (e.g.
simulation results, existing tests results, design notes, schematics...) for extrapolating performance if some
physical tests are not performed.

NOTE Guidance related to the association of a PMD with a sensor is provided in Annex E and Annex F.
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4.6

4.6.1 Reference conditions

Operating and reference conditions for PMD

Table 4 gives the reference conditions for testing:

Table 4 — Reference conditions for testing

IEC 61557-12:2018 RLV © IEC 2018

Conditions

Reference conditions

Operating temperature

23 °C £ 2 °C or otherwise specified by manufacturer

Relgtivetromidity

4U 701U OU 70 T

Auxiliary supply voltage Rated power supply voltage £ 1 %
Phases Three phases available 2
Voltages unbalance <0,1%?

Extgrnal continuous magnetic field <40 A/m DC

< 3 A/m AC at 50/60 Hz

DC ¢omponent on voltage and current None
Waveform Sinusoidal
Frequency Rated frequency (50 Hz or 60 Hz) + 0,2 % P

a8 Required only in the case of three-phase systems.

b PMD should use the standard rated frequencies of 50 Hz or 6@ Hz, where possible, although other n
frequencies, or rated frequency ranges, including DC, may be §pecified.

ated

4.6.2 Rated operating conditions

46.2.1 General

Tables 5 to 7 give the conditions in which functions shall be performed according to

spegifications.

4.6.2.2

Table 5 gives the rated operdting temperature for portable PMD:

Rated temperature @perating conditions for portable equipment

Table-5.= Rated operating temperatures for portable equipment

K40 temperature class of
PMD

Rated operating range
(with specified uncertainty)

0 °Cto+40 °C

Limit range of operation

—10 °C to +55 °C

(no hardware failures)

Limit range for storage and shipping

-25°Cto +70 °C

4.6.2.3

Rated temperature operating conditions for fixed installed equipment

Table 6 gives the rated operating temperature for fixed installed PMD:

heir
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Table 6 — Rated operating temperatures for fixed installed equipment

K55 temperature K70 temperature KxPb temperature
class of PMD class of PMD class of PMD
Rated operating range® -5 °C to +55 °C -25°Cto +70 °C Above +70 °C and/or
(with specified uncertainty) under -25 °C 2
Limit range of operation -5°Cto +55 °C —-25°Cto +70 °C Above +70 °C and/or
(no hardware failures) under -25 °C 2
Limit range for storage and shipping —-25°C to +70 °C —40 °C to +85 °C According to
manufacturer's
specification 2

a8 [limits are to be defined by the manufacturer according to the application.
b Kx stands for extended conditions.

¢ The operating temperature is the highest temperature of the air in close proximity to the PMD.

4.6.2.4 Rated humidity and altitude operating conditions

Table 7 gives the rated operating humidity and altitude conditiops’for portable and fixed
installed PMD:

Table 7 — Humidity and altitude operating,conditions

Standard conditions Extended conditions
Ratdd operating range 0 %.1Q 75 % RH ° 0 % to above 75 % RH P
(with specified uncertainty)
Limif range of operation for30 days/year 0,% to 90 % RH P 0 % to above 90 % RH §P
Limif range for storage and shipping 0% to 90 % RH P 0 % to above 90 % RH 4P
Altitdde 0 mto2000m 0 m to above 2 000 m

a8 Uimits are to be defined by manufacturer aceording to the application.

b Relative humidity values are specified wjthout condensation.

The|limits of relative humidity’as a function of ambient temperature are shown in Figure 3.
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Climatic conditions that
70 R v do not occur in practice

50 AN

25 S~~~ el

21

Ambrenttemperature (°C)

//
/
/
/)

/ ¢
7
U

1

1

1

T T T Climatic conditionsthat
do occur in/practice

0 75 85 95 100
Relative humidity (%)
IEQ

Figure 3 — Relationship between ambient air temperature and relative humidity

4.7 | Start-up conditions

Measurement readings shall be available via a cemmunication or local user interface 15 s
after applying power supply. If the start-up is longer than 15 s, manufacturers shall specify the
maxjmum time until measurement quantities shall be available via a communication or local
usel interface after power supply is applied.

Whgn no communication or local user_ interface is available, this requirement shall be verjfied
accqrding to the test procedure givenin 6.2.17.

4.8 | Requirements for PMDAuUnctions—{exceptPMD-A)

4.8.1 General requirements
4.8.1.1 CoverageTequirements

Subglause 4.8 describes a list of functions. Depending on the purpose of the measurement,
all of a subsetofithe functions listed shall be measured.

All functions implemented in the product and covered by this document shall comply with the
reqyirements of this document.

4.8.1.2 Requirements for the measurement window

Unless specified otherwise, the measurement window of a measured quantity shall not be
longer than 3 s or 150/180 cycles at rated frequency.

For THD and harmonics, this requirement may not be met. In such case the measurement
window for THD and harmonics shall be declared by the manufacturer.

This requirement does not apply to energies and demands, which are obtained by integrating
or averaging basic quantities measured on the measurement window.
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4.8.1.3 Requirements for the line to neutral voltage quantities

Unless specified otherwise, if line to neutral voltage functions are implemented they shall
comply with the same requirements as the line to line voltage functions.

4.8.1.4 Requirement on variation limits under influence quantities

For practical reasons, if a calculated variation limit requirement is less than 0,02 %, the

requ

4.8.

irement shall be set at 0,02 %.

1.5 Maximum current

Whe
mat
tran

4.8.
4.8.

See

Zerd

4.8,
The

809

4.8.

The

n the PMD is operated from (a) current transformer(s), attention is drawn to the ned
h the current range of the PMD in relation to that of the secondary of the-cu
sformer(s). The maximum current of the PMD shall be 120 % I, at least.

p Active power (P) and active energy (E,) measurements
.1 Techniques

Annex B.
Holind Gapless measurement is required.

.2 Rated range of operation

intrinsic uncertainty requirements shall apply within the following-+ated range:

b U, <U<120% U

n

.3 Intrinsic uncertainty table

intrinsic uncertainty under reference conditions shall not exceed limits given in Table

d to
rent
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Table 8 — Intrinsic uncertainty table for active power
and active energy measurement

Specified measuring range Intrinsic uncertainty limits for PMD
of function performance Unit
Value of current for Value of current for | power factor © class C abe
direct connected sensor operated
PMD Dx PMD Sx forC<1 forC 21
2% 1,s1<10% I, 1%I1,=1<5%1, 1 +2,0xC No requirement %
5%1,s1<10% I, 2% 1, s1<5%1, 1 No requirement + (1,0 x C +0,5) %
10 %l sT<1.. 5% sIs1 1 +1,0xC +1,0xC %
5% 1, <1<20% I, 2%1,<1<10% 1, 0,5 inductive + (1,7 x C + 0,15) | No requirement %
0,8 capacitive (1,7 x C + 0,15) No requirement
1061, s1<20% I, 5%1,s1<10% 1, 0,5 inductive No requirement + (1,0.4.C + 0,5) %
0,8 capacitive No requirement £ (00X C+0,5)
A U7 PR I B 10%I,s1<1_.. 0,5 inductive +(1,0x C+0,1) +1,0xC %
0,8 capacitive £(1,0x C+0,0) +1,0xC
“+—The nermitted values for asetiva anerav function-performance class C arafl g 9 05 1 2 tha narmitted
he permitted values for aclive energy function performance class C are:-0,2 — 0.5 2, the permjlied
b__The narmitted valuacs and farmula ta calenlate the cuctam narformaficde clace af 2 DMD with an ovidrnal
hepermitted-values—and-formula—to—calculatethe system performaneeclass—of aPMD-with-an—extdrnal
a pplicable performance classes are listed in Table 3.
b For active energy measurement classes 1 and 2 of this document, the uncertainty limits of classes 1 aphd 2
efined in Table 6 of IEC 62053-21:2003 can be used as well as the uncertainty limits given in this table] For
active energy measurement classes 0,2 and 0,5 of this,document, the uncertainty limits of classes 0,2S|and
,5S defined in Table 4 of IEC 62053-22:2003 can be‘used as well as the uncertainty limits given in this tgble.
¢ I reference conditions, signals are sinusoidal, s@_in this case the power factor = cos ¢.
4.8.2.4 Limits of variations due to influence quantities
The|additional variations due tavinfluence quantities with respect to reference conditionp as
givep in 4.6.1, shall not exceed the limits for the relevant performance class giveh in
Table 9:
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4.8.2.5 Starting and no-load condition

4.8.25.1 Start-up of the PMD

See

4.7.

4.8.2.5.2 No-load condition (only for energy measurement)

When the voltage is applied with no current flowing in the current circuit, the test output of the
PMD shall not produce more than one pulse.

For
voltd

NOTY

The

this test, the current circuit shall be open-circuit and a voltage of 115 % of thelr
Llge shall be applied to the voltage circuit.

E  |In the case of an outside shunt, only the input circuit of the PMD shall be-opened.
minimum test period At shall be as described in Table 10:

Table 10 — Minimum test period

ated

Minimum test period At (min) for no-load condition
PMD types
forC<1 forcz1
PMD e ((100/C) + 400) x 10° e ((240/C) + 360) x 10°
kxmxUpg x oy kKxmxUq x 1.0
whefe
C is the function performance class;
k is the number of pulses emitted by the output device of the PMD per kilowatt-pour
(impulse/kWh);

m is the number of measuring elements;
NOTE A measuring element is aspact of the meter which produces an output proportional to the energy.
U, is the rated voltage in volts;
Imax is the maximum current in amperes.
For |transformer-opéerated PMD with primary or half-primary registers, the constant k shall
corrgspond tosthe secondary values (voltage and current).
4.8.2.5.3 Starting current
The|PMD shall start and continue to register at the starting current values (and in the cage of

three-phase meters, with balanced load) shown in Table 11.

When starting conditions are met (according to Table 11), intrinsic uncertainty shall be
between —40 % and +90 % of measured values.

If the PMD is designed for the measurement of energy in both directions, then this test shall
be applied with energy flowing in each direction.
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Table 11 — Starting current for active power and active energy measurement

Power factor @ Starting current for PMD of function performance class C
PMD types
forC<1 forC 21
PMD Dx 1 _ _
2x107 x 1, (C+3)x10 > x 1y,
PMD Sx 1 _ _
1x10 3 1, (C+1)x107 x1,

a

In reference conditions, signals are sinusoidal, so in this case the power factor = cos ¢.

4.8.
4.8.

See

Zerd

4.8.

The

80 9

4.8.

The
Tab

B Reactive power (Q,, Qy) and reactive energy (E; 5, E,y) measurements
B.1 Techniques

Annex B.
-blind Gapless measurement is required.

B.2 Rated range of operation

intrinsic uncertainty requirements shall apply within the following rated range:

p U, <U<120% U

n

8.3 Intrinsic uncertainty table

intrinsic uncertainty under reference conditions shall not exceed the limits give
e 12:

in
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Table 12 — Intrinsic uncertainty table for reactive power and
reactive energy measurement

Specified measuring range Intrinsic uncertainty limits for
f ; ; PMD of function performance
value of current for value of current for | Sin @ (inductive class Cc abe Unit
direct connected sensor operated or capacitive)

PMD Dx PMD Sx forC<3 forCz23
5%I1,s1<10% I, 2% 1, s1<5%1, 1 +1,25xC +1,33xC %
0% I, <sI<I_.. 5% sIs1 1 +1,0xC +1,0xC %
10%1,s1<20% I, 5%I1 <1<10% I, 0,5 +1,25xC +1,33xC %
%I, <11 .. 0% I, s1<1 .. 0,5 +1,0xC +1,0xC Do

ol , =1< ol =1= ) 1, =4, 0
%I =11 0%, s1<1_ . 0,25 +1,25xC +1,33xC %

I E e T e R e T s s

b he permitted values and formula to calculate the system performance class of a PMD- with an extdrnal
clirrent sensor-or-voltage sensor-are given-in-Annex- D+

a8 Applicable performance classes are listed in Table 3.

b Fpr reactive energy measurement classes 2 and 3 of this document, the uncertainty limits of classes 2 ahd 3
defined in Table 6 of IEC 62053-23:2003 can be used as well as the uncertainty limits given in this table.

4.8.8.4 Limits of variation due to influence quantities

The|additional variations due to change of influence quantities with respect to refer¢nce
condlitions as given in 4.6.1, shall not exceed the“limits for the relevant performance dlass
givenh in Table 13:
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4.8.3.5 Starting and no-load condition

4.8.3.5.1 Start-up of the PMD

See

4.7.

4.8.3.5.2 No-load condition

When the voltage is applied with no current flowing in the current circuit, the test output of the
PMD shall not produce more than one pulse.

For
voltd

NOTY

The

this test, the current circuit shall be open-circuit and a voltage of 115 % of thelr
Llge shall be applied to the voltage circuit.

E |In case of an outside shunt, only the input circuit shall be open circuited;
minimum test period At shall be as described in Table 14:

Table 14 — Minimum test period

Ated

Minimum test period At (min) for no-load condition
PMD types
forC<3 forcz3
PMD e ((240/C) + 360) x 10° P 080/ C) - 60) x 10°
N kxmxUp, x| pay - kKxmxUpy x 1oy
whefe
C is the function performance class;
k is the number of pulses emitted’by the output device of the PMD per kilovar-hour
(impulse/kvarh);
m is the number of measuring elements;
U, | is the rated voltage in.volts;
Imax] IS the maximum current in amperes.
For |transformer-opefated PMD with primary or half-primary registers, the constant k shall
corrgspond to the secondary values (voltage and current).
4.8.8.5.3 Starting current
The|PMD ;shall start and continue to register at the starting current values (and in case of
three-phase meters, with balanced load) shown in Table 15.

When starting conditions are met (according to Table 15) intrinsic uncertainty shall be
between —40 % and +90 % of measured values.

If the PMD is designed for the measurement of energy in both directions, then this test shall
be applied with energy flowing in each direction.
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Table 15 — Starting current for reactive energy measurement

sin ¢ (inductive or Starting current for PMD of function performance class C
PMD types capacitive)
forC<3 forcz3
PMD Dx 1 (C+3)x 1073 x I (5xC-5)x1073x1,
PMD Sx 1 (C+1)x1073x1, (2xC-1)x1073x 1
4.8.4 Apparent power (S,, Sy) and apparent energy (EapA, Eapv) measurements
4.8.4.1 Techniques
See|Annex B.
Zerd-blind Gapless measurement is required.
4.8.4.2 Rated range of operation
Thelintrinsic uncertainty requirements shall apply within the following=ated range:
80% U,<U<120% U,
4.8.4.3 Intrinsic uncertainty table
The| intrinsic uncertainty under reference conditions shall not exceed the limits dfiven
in Table 16:
Table 16 — Intrinsic uncertainty table for apparent power
and apparentenergy measurement
Specified measuring range Intrinsic uncertainty limits for PMD
of function performance
alue of current for Value ©f current for class C &b unlit
direct connected sensor operated
PMD Dx PMD Sx forC<1 forCc 21

5%I1,<1=10% 1, 2% 1, <1s5%1, +2,0xC +(1,0xC+0,5) %

0% 1, <1<l 5%, <1<l +1,0xC +1,0xC %
SR e e fuperle o e e el oo 00 0B 0
b The permitted-values-and-formula-to-calculate-the system-performance class-of-a- PMD-with-an-external-current

sensor or voltage sensor are given in-Annex D+

a  Applicableperformance classes are listed in Table 3.
4.8.44 Hmits—efvaratiendueto-intuenrcequantites

The additional variations due to the change of influence quantities with respect to reference
conditions as given in 4.6.1, shall not exceed the limits for the relevant performance class

given in Table 17:
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4.8.5 Frequency (f) measurements

4.8.5.1 Techniques

Zero-blind Gapless measurement is not required.

The measurement window for the frequency measurement may be longer than 3 s but cannot
exceed 20 s at rated frequency.

4.8.5.2 Rated range of operation

Thelintrinsic uncertainty requirements shall apply within the following rated range:

- oltage: 50 % U, to Upax.

If the frequency measure is using the current the following range shall applyl

— CQurrent: for PMD Dx: 20 % I, to I, for PMD Sx: 10 % I, to 14,

NOTE Frequency is usually measured from the voltage function of the PMD; the, current rated range of ope
has-tp-be is considered only if this function does not exist in the PMD.

4.8.5.3 Intrinsic uncertainty table

The]| intrinsic uncertainty under reference conditions{shall not exceed the limits give
Table 18:

Table 18 — Intrinsic uncertainty table for frequency measurement

ation

Specified measuring range Intrinsic uncertainty limits Uni
P 9 9 for PMD of function performance class C 2%
45 Hz to 55 Hz or 55 Hz to 65 Hz +1,0xC %

The permittedvalues-and-formula=te—calculate-the svstem
e e e vatdesSanatoritiastecatctHatethe-Systemn

aMth-an-external-d
HA—aR-exterhat

pplicable performance classes are listed in Table 3.

4.8.

The
cong
give

b.4 Limits. of’variation due to influence quantities

additionaltvariations due to the change of influence quantities with respect to referg
itions_as”given in 4.6.1, shall not exceed the limits for the relevant performance g
h in(Table 19:

Ence
lass
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7" harmonic 10 %
9" harmonic 3 %
11" harmonic 7 %
13" harmonic 6 %

15" harmonic 1 %
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Table 19 — Influence quantities for frequency measurement
Influence quantities Temperature coefficient for
Influence type Influence range or PMD of function p(aarformance Unit
yp influence level class C
Ambient temperature According to rated 0,1xC % /I K
operating range of Table 5
and Table 6
Limits of variation for PMD of
function performance class C 2
Voltag 50-%-U—to-t—0 Br26 7z
Harmonics in the voltage circuits P 3" harmonic 10 % 0,2xC Do

Applicable performance classes are listed in Table 3.

Il harmonics components should have zero phase referred totiie fundamental.

The resulting waveform and equation are shown in 6.2.9.

4.8.

4.8.

b RMS phase current (1) and neutrakeurrent (I, Iy.) measurements

5.1 Techniques

See|Annex B.

Zerd-blind Gapless measurement is not required.

4.8.6.2 Rated range\of operation
4.8.6.2.1 Genefal
Thelintrinsic uncertainty requirements shall apply within the rated ranges given in Tablg¢ 20
and [Table 24:
4.8.6.2.2 Rated range of operation for phase current
Table 20 — Rated range of operation for phase current measurement
PMD types Specified measuring range MiniThuaTmboar?i%\;Vidth Crest factor
PMD Sx 10 % 1, t0 120 % I 45 Hz to 15 times rated 2

frequency or

DC and 45 Hz to 15 times
rated frequency

PMD Dx 20% 1, to 1. 45 Hz to 15 times rated 2
frequency or

DC and 45 Hz to 15 times
rated frequency
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calculated neutral current (from phase currents)

Rated range of operation for measured neutral current (with a sensor) and

Table 21 — Rated range of operation for neutral current-measurement (calculated or

measured)

Minimum bandwidth

(harmonic) Crest factor

PMD types Specified measuring range @

PMD Sx 10% 1, t0 120 % 1, 45 Hz to 15 times rated 2
frequency or

DC and 45 Hz to 15 times rated

frequency

PMD Dx 20% 1, to 1 45 Hz to 15 times rated 2
frequency or

DC and 45 Hz to 15 times rated
frequency

NOF

IE 2 The nominal current of the neutral current sensor—-may can be different from the.one for the p
urrent sensor.

ase

4.8.
4.8.

The

5.3 Intrinsic uncertainty table
5.3.1 General
intrinsic uncertainty under reference conditions Shall not exceed the limits gjiven

in Table 22, Table 23 and Table 24.

4.8.6.3.2 Intrinsic uncertainty table for phase current
Table 22 — Intrinsic uncertainty table for phase current
Specified measuring range Intrinsic uncertainty limits
valflie of current for direct | value of current for sensor for PMD of f“”Ct'O”aierformance Unjt
connected PMD Dx operated PMD Sx class C
20% 1, <1< 109% 1, <1< +1,0xC 9
ai:- Y Y Y Y
b. The nermitted- valuaes and formula to caleculate the svucstem pearformance class of a3 PMD with an axtdarnal
hepermitted-—values—and formula—tocalculatethe system performanceclass—of a PMD with-an—extdrnal
R e e s e L
a8  Applicable perform@nge classes are listed in Table 3.

4.8.

5.3.3 Intrinsic uncertainty table for measured neutral current (with a sensor)

Table 23 — Intrinsic uncertainty table for neutral current measurement

Specified measuring range Intrinsic uncertainty limits
value of current for direct | value of current for sensor for PMD of functlonaierformance Unit
connected PMD Dx operated PMD Sx class C
20 %I, < I <1 10 %I <1 <1 +1,0xC %

a8 Applicable performance classes are listed in Table 3.
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4.8.6.3.4 Intrinsic uncertainty table for calculated neutral current (from phase
currents)

Table 24 — Intrinsic uncertainty table for neutral current calculation

Specified measuring range Intrinsic uncertainty limits

value of current for direct | value of current for sensor for PMD of flunctlog bpcerformance Unit
connected PMD Dx operated PMD Sx class C
[) <| < 0 <| ¢ < o0 | P
20 %1, <1 C S 10 %I, 5 1,¢ <1 £1,0xC % |
b__The permittedvalues—andformula—tocalculatethe system—performanceclass—of aPMD with-an—extdrnal

pplicable performance classes are listed in Table 3.

ncertainty shall be expressed as a percentage of the phase current, whose current is the largest.

¢ erformance class C refers to the phase current performance class.

4.8.6.4 Limits of variation due to influence quantities

The|additional variations due to the change of influence quantiti€s with respect to refer¢gnce
condlitions as given in 4.6.1, shall not exceed the limits for, the relevant performance dlass
givenh in Table 25:
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4.8.7 RMS voltage (U) measurements
4.8.7.1 Technique

See Annex B.
Zero-blind Gapless measurement is not required.

4.8.7.2 Rated range of operation

The mtrincic uncartagintyv ra
HHHRSHeHRee R+

Table 26 — Rated range of operation for RMS voltage measurement

P
2

p
)Y
&

PMD types Specified measuring Minimum ban_dW|dth crest factor @
range (harmonic)
PMD xS 20 % U, to 120 % U, 45 Hz to 15 times rated 1,5
see NOTE ° frequency or
DC and 45 Hz to 15 times
rated frequency
PMD xD As specified by 45 Hz to 15 times-rated 1,5
manufacturer frequency or
DC and 45 Hz to 15 times
rated frequency

ith the last consistent measured value of frequency betweenv20 % of U and 50 % of U .

NOJE @ The PMD using frequency detection circuits not operating in all the rated range can measure voltage

4.8.7.3 Intrinsic uncertainty table

The| intrinsic uncertainty under referencte conditions shall not exceed the limits gliven

in Table 27:

Table 27 — Intrinsicauncertainty table for RMS voltage measurement

a  Apglicable performance classes are listed in Table 3.

Specified measuring range Intrinsic uncertainty limits
Vallie of voltage for direct\\Value of voltage for sensor for PMD of functlonagerformance Unjt
connected PMD xD operated PMD xS class C
b b 0
Umin sUs Umax Umin sUs Umax +1,0xC
1 l g g v
b The permittet-values-andformula-to-calculate-the system performance-class-of a-PMD-with-an-external-gS-or
YS-are given-in-Annex D.

ne mandractarer can derimne Umax ald Umin'

1aKing mto account tne mrnimurm measuring range or 1able Zo.

4.8.7.4 Limits of variation due to influence quantities

The additional variations due to the change of influence quantities with respect to reference
conditions as given in 4.6.1, shall not exceed the limits for the relevant performance class

given in Table 28:
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4.8.8  Power factor (PF,, PFy) measurements

4.8.8.1 Techniques
See Annex B for methods and Annex C for conventions related to the sign of Power factor.

4.8.8.2 Rated range of operation

The intrinsic uncertainty requirements shall apply within the following rated ranges:

[ o041 & [
- UuitaycT. JU 70 Un 1w} Umax, Ul

— gurrent:  for PMD Dx: 20 % I, to |,
for PMD Sx: 10 % I, to I«

4.8.8.3 Intrinsic uncertainty table

The| intrinsic uncertainty under reference conditions shall not exceédthe limits given
in Table 29:

Table 29 — Intrinsic uncertainty table for power factor'measurement

Specified measuring range Intrinsic uncértainty limits for PMD Uni
P 9 9 of functien performance class C23¥»
From 0,5 inductive to 0,8 capacitive +0:10,01xC €
No unft?

yStem—performance—class—of-a PMDb-with—an—extdrnal
Vaitd t t yetem—perorHmahce—€ass Mo WHR—ah tgrhat

€ Mo units-

a8 Applicable performance classes are listed insTable 3.

b Mo unit because power factor is a ratio.

4.8.8.4 Limits of variation~due to influence quantities

The|additional variations.from intrinsic uncertainties shall be calculated according to Takle 9
and [Table 17 for powerfactor 1 and 0,5 inductive, within the rated ranges of operation, taking
into [account the warst'case combination of uncertainties.

4.8.9 Shoritterm flicker (Pg) and long term flicker (P,;) measurements

4.8.9.1 Techniques

SeellEC 61000-4-15.

4.8.9.2 Rated range of operation

The intrinsic uncertainty requirements shall apply within the following rated range:
— voltage: 80 % U, to U .«

4.8.9.3 Intrinsic uncertainty table

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 30:
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Table 30 — Intrinsic uncertainty table for flicker measurement

Specified measuring range Intrinsic uncertainty limits Unit
for PMD of function performance
classC?2
From 0,4 to 2 +1,0xC %

& The permitted values for function performance class C are: 0,5—-1—-2—-5—10.

a8 Applicable performance classes are listed in Table 3.

4.8.

0 Voltage dip (Ug;,) and voltage swell (Ug,, ) measurements Ky

NOT
4.8.

Gap

The
mea|
3.3.

NOTIE

etc.
4.8.
4.8.

The
(ses

NOT
inforif

F  Requirements for voltage dip and voltage swell are equivathQCIass S in IEC 61000-4-30.
0.1 Measurement method QQ
ess measurement is required. S\\\}
<
basic measurement U, of a volta é&p and swell shall be either the U, on ¢
surement channel (see 3.3.15), the U,png) On each measurement channel
|6). The manufacturer shall spec@& hich measurement is used.
\aO
The Urms(l) or Urms(%) value 'C)lﬂg,u es, by definition, harmonics, interharmonics, mains signalling volt

N
0.2 Detection and~(§(\.ﬁaluation of a voltage dip
10.2.1  Voltag€ dip detection
dip threst@b is a percentage of either Uy, or the sliding voltage reference

4.8.10.é§~

h nd advice.

Ov\ ool nhac ovctanac o
- T oIyt yiiaoctt oyoltlillio, A VU

t

vl i oo oy baon th Ll wvalia
nayc urpy vTyirtio vwiTcir e Urms VUILA

hreshold, and ends when the U, voltage is equal to or above

(1P lova, +h
1 CITUVvVVY il

some hysteresis voltage.

53

F T@ing voltage reference U, is generally not used in LV systems. See IEC TR 61000-2-8 for fyrther

P fo [N
BC LL%Y %)
he dip threshold plus

ach
see

age,

Sr

dip

— 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 some hysteresis voltage.

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

appl

ication.

4.8.10.2.2 Voltage dip evaluation

A voltage dip is characterized by a pair of data, either residual voltage (U,,s) or depth, and
duration:
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— 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 the
residual voltage. It is generally expressed in percentage of the reference voltage.

NOTE 1 During the dip it can 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 can also be useful.

NOTE 2 If voltage waveforms are recorded before, during, and after a dip, useful information about phase angle
changes can be available in the recorded data.

The start time of a dip shall be time stamped with the time of the start of the U,.,. of the
channel that initiated the event and the end time of the dip shall be the time stamped W§' R the

time| of the end of the U, that ended the event, as defined by the threshold the
hysteresis.

NO

The|duration of a voltage dip is the time difference between the start time an@llgbe end tinje of
the yoltage dip.

NOTHE 3 For polyphase measurements, the dip duration can start on one channe@d terminate on a different
chanpel.

NOTE 4 Voltage dip envelopes are not necessarily rectangular. As a cons @we for a given voltage dig, the
meadured duration is dependent on the selected dip threshold value. The e of the envelope can be ass4 ssed
using several dip thresholds set within the range of voltage dip and voltag@erruptlon thresholds.

NOTE 5 Typically, the hysteresis is equal to 2 % of U ;.. O

NOTE 6 Dip thresholds are typically in the range of 85 @to 90 % of the fixed voltage referencp for
troubjeshooting or statistical applications. \Q

NOTI 7 Residual voltage is often useful to end-users, a@an be preferred because it is referenced to zero polts.
In cdntrast, depth is often useful to electric suppller@ especially on HV systems or in cases when a s|iding
refergnce voltage is used. \"Q
NOTE 8 Phase shift can occur during voltage @§

D

NOTE 9 When a threshold is crossed, a t'@e tamp can be recorded.
4.8.10.3 Detection and eva@hﬂon of a voltage swell
4.8.10.3.1 Voltage swel(e?etectlon

The| swell threshold~i$"a percentage of either Uy, or the sliding reference voltage| U
(seg 4.8.10.4). Th r shall declare the reference voltage in use.

Sr

NOTE Sliding r %ce voltage U is generally not used in LV systems. See IEC TR 61000-2-8 for fyrther
information an ice.

— On smgle-phase systems, a swell begins when the U, voltage rises above the qwell
thr Id, and ends when the U, voltage is equal to or below the swell threshold n1inus
} \J/ctnrncie \/nltngn

— 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.

4.8.10.3.2 Voltage swell evaluation

A voltage swell is characterized by a pair of data: maximum swell voltage magnitude and
duration:
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— 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 start of the U, 4 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

NOTE 2 It is possible that the voltage swell envelope is not rectangular. As a consequence, for a give@ I, the
meaqured duration is dependent on the swell threshold value.

NOTE 3 Typically, the hysteresis is equal to 2 % of U, ..

NOTE 4 Typically, the swell threshold is greater than 110 % of U

din* (L.

NOTE 5 Phase shift can also occur during voltage swells. /\,

NOTE 6 When a threshold is crossed, a time stamp can be recorded. '\(o%

4.8.10.4 Calculation of a sliding reference voltage C)b

Thelsliding reference voltage implementation is optional. /f\a/sliding reference is chosen for
voltage dip or swell detection, this shall be calculated g a first-order filter with a 1fmin

timel constant.

O

Whgn the measurement is started, the initial valu% the sliding reference voltage is set tq the
declpred input voltage. S\

The|sliding reference voltage is not updzﬁ’&\%uring a voltage dip or swell or interruption.

4.8.10.5 Measurement uncertaintj\\omd measuring range
4.8.10.5.1 Residual voltagexq.}d swell voltage magnitude measurement uncertainty

AN
The[measurement uncertal@ shall not exceed + 1,0 % of U;,.

NOTE |If Urms(l) is used,@ncertainty is only valid for rectangular dips or swell lasting at least 4 cycles.
4.8.10.5.2 Dl@g&n measurement uncertainty

d, then the uncertainty of a dip or swell duration is equal to the dip or gwell

If Ulms(ws) 1S
t uncertainty (half a cycle) plus the dip or swell conclusion uncertainty (hglf a

comllnenc

cyclge). | rms(1) is used, then the uncertainty of a dip or swell duration is equal to the d{p or
swell mencement uncertainty (one cycle) plus the dip or swell conclusion uncertainty [one
cycley:

4.8.10.6 Rated range of operation

The intrinsic uncertainty requirements shall apply within the rated ranges given in Table 31:
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Table 31 — Rated range of operation for voltage dips
and swells measurement

Minimum threshold range settable Minimum threshold range settable
PMD types .
for voltage dip for voltage swell
PMD xS from 5 % U to 100 % U from 100 % U to 120 % U
PMD xD as specified by manufacturer as specified by manufacturer

Minimum detectable duration shall be equal at least to one period of the measured voltage.

4.8.10.7 lntrinsic ||nr~nrfninfy table
The| intrinsic uncertainty under reference conditions shall not exceed the limits, given
in Table 32:
Table 32 — Intrinsic uncertainty table for voltage dips
and swells measurement
Intrinsic uncertainty/imits for PMD
Specified measuring range of function perfermance unjt
class'g @b-¢

Dipq, residual voltage and swells overvoltage +,1,0xC % U,
Dipq duration and swells duration One periodiat the network frequency ms|¢
ai:- Y ] Y
b. The nermitted- valuaes and formula to caleculate the svucstend harformance class of a3 PMD with an axtarnal

hepermitted-—values—and formula—to-calculatethe system performanceclass—of a- PMDwith-an—extdrnal

Jo tage sensor-are g'\;eg n-Annex-Db-

a8  Applicable performance classes are listed in Table 3.

f

The uncertainty of a dip or swell duration is equal te,the dip or swell commencement uncertainty (half a c

This is a fixed uncertainty.

lus the dip or swell conclusion uncertainty (half\acycle).

cle)

4.8.

The
cong
give

0.8 Limits of variation due'to influence quantities

itions as given in 4.6.1, shall not exceed the limits for the relevant performance ¢
hin Table 33:

additional variations dde o the change of influence quantities with respect to referg¢nce

lass
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11 Voltage interruption (U;,;) measurements

NOTE Requirements for voltage interruption are equivalent to Class S in IEC 61000-4-30. ,\(b
4.8.11.1 Measurement method (],Q

. . ASL”
GapJess measurement is required. ,\,
The[basic measurement of the voltage shall be as defined in 4.8.%.8@
4.8.11.2 Evaluation of a voltage interruption Q/C)

N

The

On

voltage interruption threshold is a percentage of U&-no

s$ingle-phase systems, a voltage interruption b@ when the U, voltage falls below

voltage interruption threshold and ends when thg\urms value is equal to, or greater than

voltage interruption threshold plus the hystere

On
fall

\(\Q)

bolyphase systems, a voltage interr st?'on begins when the U,

below the voltage interruption threshold, and ends when the U voltage on any

rms

chamnel is equal to, or greater than, ti\% voltage interruption threshold plus the hysteresis.

The

voltage interruption thre Id and the hysteresis voltage are both set by the

accqrding to the application’\\he voltage interruption threshold shall not be set below
uncertainty of the residual ‘vOltage measurement plus the value of the hysteresis. Typig

the
the

voltages of all channels

one

user
the
ally,

the hysteresis is equalg\z’% of Ugin-

Thelstart time of aCAbItage interruption shall be the time stamped with the time of the start of
the UJ,,s of th nnel that initiated the event and the end time of the voltage interruption
shal"\ be th e stamped with the time of the end of the U, that ended the event, as
defiped b threshold plus the hysteresis.

The tion 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 setto 5 % or to 10 % of U,

NOT

nomi

E 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

nal voltage. Therefore, the user 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
interruption in a polyphase measurement.

4.8.

For

11.3 Measurement uncertainty and measuring range

duration measurement uncertainty, see 4.8.10.5.2.
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4.8.11.4 Rated range of operation

The manufacturer shall choose at least one value for the threshold of voltage interruption
detection included in the range of 1 % to 5 % of U,,.

Minimum detectable duration shall be equal at least to one period of the measured voltage.

4.8.11.5 Intrinsic uncertainty table

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 34.

Table 34 — Intrinsic uncertainty table for voltage
interruption measurement

e . Intrinsic uncertainty limits forPMD of .
Specified measuring range . ab urit
function performance class,C
Interruptions from 0 % to 5 % of U +1,0xC %,
Interruption duration Less than two peripds_at the network mq b
frequency
 The i i :
b_Thie permitted-values-and-formula-to-caleulate-the system-performance ‘elfass-of a- PMD-with-an-external-vollage
densor-are-given-in-Annex D

a8 Applicable performance classes are listed in Table 3.

This is a fixed uncertainty.

4.8.12 Transient overvoltage (U;,) measurements
4.8.12.1 Techniques

See|Annex A of IEC 61000-4-30:2015:
Zerg-blind Gapless measurement is required.
Ref@rence waveform: 1,2/50 ps as defined in IEC 61000-4-5.

4.8.12.2 Rated range of operation

Thelintrinsic uncertainty requirements shall apply within the rated ranges given in Table 35%.

4.8.12.3~ NIntrinsic uncertainty table

Thelintfinsic _uncertainty under reference conditions shall not exceed the limits diven
in Table 35:

Table 35 — Intrinsic uncertainty table for transient overvoltage measurement

Specified measuring range Intrinsic uncertainty limits Resolution for duration
for PMD of function b
for PMD measurement
performance class C
OtoU,? £3,0%x U, 5 us

a8 The recommended values for the specified measuring range are 6 kV — 4 kV — 2,5 kV — 1,5 kV - 0,8 kV.

b Duration measurement is optional. If it is provided, it shall be made at 50 % of the peak value of the transient.
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4.8.13 Voltage unbalance (U, U,p,) measurements

4.8.13.1 Techniques

Zero-blind Gapless measurement is not required.

According to the manufacturer specification, one of the following functions shall

impl

emented:

e amplitude voltage unbalance (U,p, V,,,): see Annex B

be

e amplitude and phase voltage unbhalance (lJ”.” V“.u)' see |IFC 61000-4-30
4.8.13.2 Rated range of operation
Thelintrinsic uncertainty requirements shall apply within the following rated range:
— between 80 % and 120 % of U,
4.8.13.3 Intrinsic uncertainty table
The| intrinsic uncertainty under reference conditions shall not ‘e€xceed the Ilimits gfiven
in Table 36:
Table 36 — Intrinsic uncertainty table for voltage uhbalance measurement
Intrinsic uncertainty
. limits for PMD "of . .
Indicated range of U , or U . function petformance Resolution Unit
class C?2
0 % to 10 % AIxCP £0,1 % point
#—The permitted-valuesfor functionperformance-elass Care- 0,2—0.5—1-
a pplicable performance classes are listed instable 3.
b The diagram below shows an example of-incertainty limits for class 0,5:
Intrinsic uncertainty limits for PMD True value
of function performance class 0,5 5%
0% 1% 2% 3% 4% 6% 7% 8% 9% 10%
4.8.14 \oltage harmonics (U,) and voltage THD (THD, and THD-R,) measurements
4.8.142, Techniques

The manufacturer shall specify the standard with which the product complies or, alternatively,
shall specify the number of ranks, and if applicable filtering methods and aggregation method.

Gap

less measurement is not required.
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NOTE THD, and THD-R, is a generic notation. This is also applied to THD,, and THD-R,,.

4.8.14.2 Rated range of operation

The intrinsic uncertainty requirements shall apply within the rated range given in Table 37:

Table 37 — Rated range of operation for voltage harmonics measurement

PMD types Minimum bandwidth Fundamental frequency range

PMD 15 times the rated frequency 45 Hz to 65 Hz

4.8.14.3 Intrinsic uncertainty table

The|uncertainty indicated in Table 38 and Table 39 applies for a single taone’ statiopary

harmonic signal over the whole working conditions.

Table 38 — Intrinsic uncertainty table for voltage harmonics measurement

Specified measuring range Intrinsic uncertainty-limits for PMD of

function performance class C 2%

unit

U,>3xU, xC/100 +5,0

% U

U,<3xU, xC/100 £0,15xC

% U

pplicable performance classes are listed in Table 3.

Table 39 — Intrinsic uncertainty table for
voltage THD, or THD-R,, measurement

” . : g . : Unit

. Intrinsic uncertainty limits for PMD of

o) ifiadl H £ Ls
Pt et eSSt ST tToT—vota gt

function performance class C 2

3xC%<THD <20 % 5

%

THD <3 xC% +0,15xC

point °

a8 Applicable performance classes are listed in Table 3.

b 0,15 x C is a constant uncertainty. For example with 1 % of THD, if C = 1, the measured value

between 0,85 % and 1,15 %.

may be



https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

- 62— IEC 61557-12:2018 RLV © IEC 2018

4.8.15 Current unbalance (I, I,,,) measurements
4.8.15.1 Techniques

Gapless measurement is not required.

According to the manufacturer specification, one of the following functions shall be
implemented:

o amplitude current unbalance (l,,,;): see Annex B

e amplitude and phase current unbalance (I”.u)' see IFC 61000-4-30_only replacing voltage

By current. Q)
. Y
4.8.15.2 Rated range of operation Q‘

Thelintrinsic uncertainty requirements shall apply within the following rated ra([lgg\:

.

— HBetween 10 % and 120 % of I, ,\‘1/
— RBetween 20 % of I, and I, ., 6\'
4.8.15.3 Intrinsic uncertainty table Q)'\Q‘)
The]| intrinsic uncertainty under reference conditions sh%/cdot exceed the limits diven
in Table 40: S\\
O
Table 40 — Intrinsic uncertainty table for c@@nt unbalance measurement
Q
Intrinsi ‘éertainty
’ limi PMD of . .
Indicated range of I, or 1 . func@ performance Resolution unit
N classC?
0 % to 50 % $\' +1xCP +0,1 Polnts

a8 Applicable performance classes are IisteQ able 3.
b The diagram below shows an examp{@f uncertainty limits for class 0,5:

Intrinsic uncertainty Iimir€\)br PMD True value

of function performar@\}&ass 0,5
0% 1% ﬁ%; N 3% 4% 6% % 8% 9% 10%
I DX W W U U N S S S
PRSI R

Q"
éo

4.8.1 urrent harmonics (l,) and current THD (THD; and THD-R;) measurements

4.8.16.1 Techniques

The manufacturer shall specify the standard with which the product complies or, alternatively,
shall specify the number of ranks, and if applicable filtering methods and aggregation method.

Zero-blind Gapless measurement is not required.
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4.8.16.2

— 63 -

Rated range of operation

The intrinsic uncertainty requirements shall apply within the rated range given in Table 41:

Table 41 — Rated range of operation for current harmonics measurement

PMD types

Minimum bandwidth

Fundamental frequency range

PMD

15 times the rated frequency

45 Hz to 65 Hz

4.8.16.3Imtrimsic uncertaimty tabte
The|uncertainty indicated in Table 42 and Table 43 applies for a single tone /statiopary
harmonic signal over the whole working condition.
Table 42 — Intrinsic uncertainty table for current harmonics measurement
Intrinsic uncertainty limits for
PMD types Specified measuring range PMD of function,performance unit
cldassCa®
PMD-Sx Il,>10x1,xC/100 +5,0 Al
I, <10 x I, xC/100 +0,5xC Al,
PMD-Dx I,>10x 1, x C/100 +5,0 Al,
I, <10 x 1, x C/ 100 +0,5xC Al,
a—The permitted values for function performance class C are: 1 —2 — 5.
b. The narmitted values and formula to caleulate the sustem nerformance class of a PMD with an extdrnal
he-permitted—values—and formula—tocalculatethe system-performance class—of aPMDwith-an—extgrnal
GRS R e e e s D
a8 Applicable performance classes are listed in Tabie\3.
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Table 43 — Intrinsic uncertainty table for current THD; and THD-R; measurement

i ——

0-%to100-% +0:3 < C* e

€. 02 C ic an ahepoluta nnecartainty Car avamnla with 10 O of THD i C =1 tha meacurod vyaliio

4 THD is the measured value of current THD expressed in %.

e e et oo G | Ut
PMD Sx 200 % > THD > 10 x (I,/I,) x C % +5,0 %P
THD <10 x (I,/1;) X C % +0,5x Cx (lf1) Poipt®
PMD Dx 200 % > THD > 10 x (I,/1,) x C % + 510 %P
THD <10 x (I,/1,) X C % +0,5% Ck (1,/1,) Poipt?

a pplicable performance classes are listed in Table 3.

,5 x C is an absolute uncertainty. For example with 10 % of THDif C = 10, and I, = I the measured value
hay be between 5 % and 15 %.

¢ THD is the measured value of current THD expressed in %k

d Il, is the fundamental (50 Hz or 60 Hz).

U7

4.8.17 Minimum, maximum, peak, three-phases average and demand measurement
4.8.17.1 Rated range of operation

The|manufacturer shall specify the rated range of operation.

4.8.17.2 Intrinsic uncertainty table

The|uncertainty on these values (minimum, maximum, ...) shall be the same as that fron] the
corresponding measurements used to calculate these values.

For linstance,‘a-PMD claiming a class C performance on power measurement shall have to
comply with'the same performance class C for the power demand measurement if any.

Calqulation methods are specified in Annex D.
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4.9 | General mechanicalrequirements

4.9.1 Vibration requirements

R T e e e T

In agldition to-the mechanical resistance test specified in IEC 61010-1, the PMD shall pasg
following vibration test:

the

amplitude: 0 35 mm for fixed eaguinment 1 mm for nortable eguinment:
Lt 7 e Rl o T ™ Rt o T

frequency: 25 Hz;
duration: 20 min in each 3 directions;
PMD under test-must shall be powered on.

The PMD functions shall remain in their specifications during the test.

4.9.2 IP requirements

The manufacturer shall document equipment IP according to IEC 60529. The minimum
requirements are given in Table 44, which specifies minimum IP requirements for the different
kind of housings of PMD:
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Table 44 — Minimum IP requirements for PMD

Type of PMD Front panel Housing, except front panel
Fixed installed PMD IP 40 IP 2X
- panel mounted devices.
Fixed installed PMD IP 40 IP 2X
- modular devices snapped on DIN rails within
distribution panel.
Fixed installed PMD IP 2X IP 2X
- hpUsg devices snapped on DIN raifs withm
distrfibution panel.
Portpble PMD IP 40 IP 40
4.10 Safety requirements
4.10.1 Protection against electrical hazards
4.10.1.1 General
PMD shall comply with the applicable safety requirements of |IEXC 61010-1 and IEC 61010-2-
030 Jjand with additional requirements specified hereafter.

4.10,.

Cles
=
—
—
NOT!

pow

For
accq

NOTE

4.10

1.2 Clearances and creepage distances

ollution degree 2;
heasurement category Il for measuring input circuits;
vervoltage category Il for mains circuits.

bred from socket outlets.

ptable.

Measurement category is defined in IEC 61010-2-030.

rances and creepage distances shall be.selected at least in accordance with:

. For portable equipment, overvoltage category Il is acceptable only for mains cir

plug-in PMD for_socket outlets, overvoltage category Il and measurement category |

.1{3 >~ Connection of a fixed installed PMD with a current transformer

Cuits

are

When a hazardous situation can be the result of an unintended disconnection of a current
transformer from its PMD, connections of the current inputs shall be designed in such a way
to prevent open circuit condition. This condition may be achieved either by removable auto
short-circuiting connectors, screwable connectors, fixed connections, external protective

devices, or protective devices integrated in the current transformer.

4.10.1.4

Connection of a PMD with a sensor in high voltage-sease+ networks

The connection of a PMD xS or a PMD xD with external high voltage sensors (e.g. for
systems with rated voltages higher than 1 000 V AC and 1 500 V DC) is allowed, provided

that

NOTE

design features of such sensors prevent any hazards.

IEC 61010-1 gives guidance for system safety aspects including the sensors used with the PMD.


https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

IEC 61557-12:2018 RLV © |IEC 2018 - 67 —

4.10.1.5 Accessible parts

Requirements for accessible parts as defined in IEC 61010-1 apply.

Circuits intended to be connected to an external accessible circuit shall be considered as
accessible conductive parts, for example communication circuits.

A communication port that may be connected to a data system shall also be considered as an
accessible conductive part.

Th ol Al i + + + i + + + l £ L& olits
egeaccesstore conatctve Parts TCTyYuirTt pruttl iUl ayaitiot STiyic Tautt CUTTUTUUTT.

NOTIE Basic insulation is not a sufficient protection against single fault condition. An examplel of¥relgvant
insulgtion is double insulation or reinforced insulation, etc., see IEC 61010-1.

4.10.1.6 Hazardous live parts

In aldistribution system, a neutral conductor shall be considered as a hazardous live part.

4.10.2 Protection against mechanical hazards

Thelrequirements of IEC 61010-1 apply.

4.10.3 Protection against other hazards
PMDs shall be assessed against potential hazards speeified in IEC 61010-1. If any hazafd is

deemed to be relevant, then it shall be covéred by the corresponding IEC 610[0-1
regyirements.

Spetial attention will be paid to devices emigedding batteries.

4.11 EMC requirements
4.11.1 Immunity

For [mmunity, Table 2 of IEC\863326-1:2012 shall apply. For testing, see 6.2.16.

4.11.2 Emission

For emissions eithér class A or class B limits as defined in IEC 61326-1 shall apply.

4.120 Inputs-a&iid/or outputs

4.12.1 (General

Thelmanufacturer shall specify the characteristics and the performance of the inputsiand
outputs of the PMD.

NOTE Digital and analog inputs/outputs are defined in IEC 61131-2.
4.12.2 Analog outputs
4.12.2.1 General requirements

The global uncertainty of each analog output representing a measured parameter shall be in
the uncertainty limits specified for the measurement of that parameter in Clause 4 unless
otherwise specified.

NoFE1 For testing of analog outputs, see 6.2.14. For a PMD fitted with analog outputs the
requirements specified in 4.12.2.5-shall apply.
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NoFE2 The current analog output signal-sheuld-be is 4 mA to 20 mA, but 0 mA to 20 mA is

also

possible.

NOoTE3 The preferred voltage output signal is 0 V to 10 V. Voltages 0 Vto+1 V and 0 V to -
10 V are also possible.

4.12

.2.2 Compliance voltage

Current output signals shall have a compliance voltage of at least 10 V. The actual
compliance voltage shall be specified in the accompanying documentation (see 5.3).

Whe

the fnalog output shall not exceed (2 x C) % of full scale for a PMD with an analog)outp
perfprmance class C.

4.12

Whe
an d
speq

4.12

The

decreasing inputs if different, shall be specified in the_ aecompanying documentation (see

4.12

The
bipo
Whs
lows

PML
outp

4.12

For

How
has

4.12

n tested in accordance with the compliance voltage tests of 6.2.14.2 the uncertain

.2.3 Analog output ripple content

n tested in accordance with 6.2.14.3 the maximum ripple content_ in.the output signg
ified output signal.

.2.4  Analog output response time

response time of the analog output, in accordance with 6.2.14.4, for both increasing

.2.5 Limiting value of the analog output-signal

output signal shall be limited to a maximym of twice the rated maximum output signal
ar outputs, this shall apply in both directions.

n tested in accordance with 6.2:14.5 and when the measurement is not between
r and upper values represented by the maximum and minimum output signals, the-

shall not, under any conditions of operation except loss of auxiliary power, produc
ut having a value between(its maximum and minimum output signals.

.3 Pulse outputs

hese outputs, 4.1-0f IEC 62053-31:1998 (functional requirements) shall apply.

to be déclared and compliance to IEC 62053-31 cannot be declared.

4 Control outputs

y of
It of

| for

utput of performance class C shall not exceed (2 x C) % of full~scale of the maximnum

and
b.3).

For

the
leter
b an

ever for sQhie specific applications, deviations are possible and the level of these outputs

When such output is available, the level shall be declared in the documentation.

4.12

The

.5 Analog inputs

current analog input should be 4 mA to 20 mA, but 0 mA to 20 mA is also possible.

For testing of analog inputs, the product should be able to measure signals transmitted by

anal

4.12

0og output as specified in 4.12.2.

.6 Pulse and control inputs

For these inputs, PMD shall accept signals as defined in IEC 62053-31.
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However for some specific applications, deviations are possible and the level of these outputs

has

5

5.1

to be declared and compliance to IEC 62053-31 cannot be declared.

Marking and operating instructions

General

Marking and operating instructions shall comply with IEC 61010-1 and—EC-61557-1
61010-2-030, unless otherwise specified in Clause 5.

IEC

Marking requirements as defined in IEC 61010-1 and IEC 61010-2-830 shall apply. In addjtion

the

a)
b)

Itis

5.3
5.3.

pquipment shall be marked with:

wiring diagrams or symbol 14 according to IEC 61010-1;
erial number.

recommended to provide also the year of manufacturing.

Operating, installation and maintenapce instructions

| General

Operating instructions, including <maintenance aspects, defined in I|EC 61010-1 [and

I[EC[61010-2-030 shall apply. In addition;—but-netin-contradiction, the following requirements
apply:
5.3.2 General characteristics

Thelfollowing characteristics shall be documented:

a)
b)

f)
9)

alibration period, if a periodic calibration is necessary;
the ratedveltage in one of the following forms:

) the-number of active conductors of the connecting system if more than one, and the
applicable voltage at the PMD terminals of the voltage circuit(s);

p) “\the nominal voltage of the system or the secondary voltage of the instrument
transformer to which the PMD is intended to be connected;

for direct connected PMD, the basic current (l,) and the maximum current (I,
expressed. For example: 10 A to 40 A or 10(40) A for a PMD having a basic current of
10 A and a maximum current of 40 A;

for current transformer-operated PMD, the rated secondary current (I,) of the
transformer(s) and the maximum secondary current (l,,,) of the transformer which the
PMD should be connected to. For example: /5{(6;5) 5(6) A;

for sensor-operated PMD, the main characteristics of the corresponding PMD input. For
example: 1V /1 000 A;

the rated frequency or frequency range in Hz;
for energy measurement, the meter constant if any;
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h) start-up time, if it is longer than 15 s;

i) for PMD with pulse inputs and/or outputs, the class A or class B classification;

IEC 61557-12:2018 RLV © IEC 2018

j) for PMD with control outputs, the maximum level of the outputs. For example: 1 A/ 230 V
AC;

k) overcurrent protection specification.

5.3.3

53.3.1

Essential characteristics

Characteristics of PMD

The

following items:

a) power quality assessment function (if any);

b) d
c) t
d) |
e) @

The

lassification of PMD according to 4.3 and to 4.4;
emperature according to 4.6.2.2 and 4.6.2.3;
umidity and altitude conditions according to 4.6.2.4;

sequence of function symbols shall be the following:

Table 45 — PMD specificatiofivform

characteristics of the PMD shall be specified in a table as specified in Table 45 with

LIctive power or active energy function (if existing) performance class according to 4.8.

the

Type of characteristic

Examples of possible characteristic

value

Other complementary
characteristics

lowerguahbyassessment
: ; ”

~-A-or-blank

Classification of PMD
according to 4.3

PMD-1 or PMD-I%ot PMD-IIl or PMD-x

Classification of PMD
according to 4.4

SDor'DS or DD or SS

Temperature

K40 or K55 or K70 or Kx

Humidity + altitude

Blank or extended values

Ac
fu

ive power or active energy
ction (if function available)
performance clasgs

0,10r0,20r0,50r1or2

NOT

5.3.

8.2 Characteristics of functions

E |t is strongly recommended that all items be listed, and only existing ones be specifid

The

I + HP £ £ e
CITAlAdCTTTTSTC S Ul Ut tiuliTs Ul

£ 2l DA I
I

in Table 46 with the following items:

a) function symbols as defined in Table 46;

b) function performance class according to this document;
c) measuring range for the specified performance class;

d) other complementary characteristics.

Ll o H S+ | + +alal 'f' d
e T Vi oTTdimT T SPTUITTU 1T ad tdTc a5 SPYTUL e
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The sequence of function symbols shall be the following:

Table 46 — Characteristics specification template

Function performance
Function symbols class according to Measuring range
IEC 61557-12

Other complementary
characteristics

P

Q, or/and Q,,

S, or/and §,,

E

a

Ea or/and E.v

FapaA or/and EapV

f

I or/and Ine

U or/and V

PF, or/and PF,

Udip or/and Vdip

Ui or/and V,,

U, or/and A

Uint or/and Vint

U ba or/and Viba

U, orfand V

U, or/and V,

THD, or/and THD,

THD-R, or/and THD-R,

Iy

THD

THD-R

Msv

p

st

P[t

NoTFE It is strongly recommended that all functions be listed, and only existing ones be
specified.
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6 [Tests

6.1 Genetal

All tests shall be carried out under reference conditions unless otherwise specified. The
reference conditions are stated in 4.6.1.

6.2 Type tests of PMD

6.2.1 General

Type tests shall be executed to check the compliance with the requirements of-4-74-6-and

4.5 Clauses 4 and 5.Forseme-of-them;tests-of-the-influence-quantities-en-several-functions
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6.2.

6.2.

2 Tests of intrinsic uncertainty

2.1 General requirements

As a general principle, each line of the intrinsic uncertainty tables in Clause 4 shall be

ass

6.2.

ociated to a test.

2.2 Minimum test points

The intrinsic uncertainty shall be verified at least at the limits of the measuring range
specified in the intrinsic uncertainty tables in Clause 4.

6.2.

For

.3 Acceptance criterion

each test, the absolute value of the measurement uncertainty shall be |éss than

spegified intrinsic uncertainty limit.

NOTE See G.3.2 and G.4.1 for more information.

6.2.

6.2.

B Tests of variation of uncertainty with influence quantities

B.1 General requirements

As g general principle, each line of the uncertainty with influédece quantities tables in Clau
shall be associated to a test.

Tests of the influence quantities on several function§_gan be combined if applicable (e.g
test|of influence of temperature done on active powér measurement can be done at the s
time| as those of voltage and current).

6.2.

B.2 Minimum test points

The|variation of uncertainty with influglice quantities shall be verified at least at the limi

the

6.2.

For

bpecified influence range and measuring range.

B.3 Acceptance criterion

bach test, the absolute value of the variation of the measurement uncertainty shall be

than the limits of variation specified in the influence quantities tables in Clause 4.

NOTE See G.3.2 and 4.1 for more information.

6.2.

The

i Test‘of-temperature influence

temperature range shaII be divided into 20 K wide ranges. The temperature coeff|0|ent

temperature coefficient shall be determined for the whole operating range. The opera

the

se 4

the
ame

s of

less

ting
shall

L0 K

below the middle of the range Durrng the test the temperature shall be in no case outsrde the
specified operating temperature range.

The indicated temperature coefficient shall be the greatest one.

6.2.

6.2.

5 Active power

5.1 Influence of harmonics in current and voltage circuits

Test conditions shall be:

fundamental frequency current: I; = 50 % of I,,,,;
fundamental frequency voltage: U; = U;



https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

- 74 - IEC 61557-12:2018 RLV © IEC 2018

— fundamental frequency power factor: 1;

- content of 5t harmonic voltage: Ug = 10 % of Up:

— content of 51" harmonic current: I5 = 40 % of I;

— harmonic power factor: 1,

— fundamental and harmonic voltages in phase, at positive zero crossing;

— total active power: 1,04 x P; = 1,04 x Uq x |;.

6.2.5.2

The

The

Influence of odd harmonics in the current circuit

Relative amplitude

peak value of the test waveform shall be equal to V2 x I, orto v2 xI,.

current test waveform shall be generated according to Figure 4 and Figure 5.

0,5

Test waveform

Rise time 200 us + 100 ys
| |
Start 5ms £ 0,1 ms

/\P

S~ )

Reference waveform: Trms = 0,5 Ib or 0,5 In /
6 1

2 4 6 8 10 12 14 1
Time (ms)

8 20

IEC

Figure 4 =Waveform for odd harmonics influence test
on active power measurement
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Harmonic content
70

60

50

40

30

Harmonic amplitude (%)

20

10

o J_l_l_l_lJ_L._l_lJ_l_l_-_LJ_-_-_-_lf

050 250 500 750 1 000 1250 1500 1750 2 000 2 250 2 500
Frequency (Hz)

IEC

Figure 5 — Spectral content for odd harmenics influence test
on active power measurement

NoFE1 The reference waveform and the distorted-waveform result in approximately the spme
actiye power or active energy, but some variation is expected due to the variation in rise fime
and|start time shown in Figure 4. It is recgmmended to use a reference meter to verify|test
results.

NoTE2 The curve, diagram and values are given at 50 Hz. For other frequencies, they—nust
shall be adapted accordingly.

6.2.5.3 Influence of sub-frarmonics

The|peak value shall.be''equal to +/2 x I, or to J2 % I,- The cycle of the signal is made of
two full waves followed by two non-signal periods.

The|test waveform shall be generated according to Figure 6 and Figure 7.
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Test waveform

1
Reference waveform: lrms = 0,5 Ib or 0,5 In
o 05
<
=
&
g
o 0
2
5]
o
) v v
-1
0 10 20 30 40 50 60 70 80
Time (ms)
IEC

NOTE The reference results in the same active power or active energy.

Figure 6 — Waveform for sub-harmonics influence test on

active power measurement

Spectral content

50 T T

T T T T

Amplitude (%)

0
0 12,5

37,550 62,5

87,5 112,5 137,5 162,5

Frequency (Hz)

187,5 212,5 237,5 262,55 2875

IEC

Figure 7 — Spectral content for sub-harmonics influence test

on active power measurement

: . . . _

NOoTE2 The curve, diagram and values are given at 50 Hz. For other frequencies, they-must

shall be adapted accordingly.

6.2.6 Apparent power

The test on the apparent power is not mandatory if at least two of the following functions are

tested:
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— active power;
— reactive power;

— power factor.

6.2.7 Power factor

- 77 -

The test on the power factor is not mandatory if at least two of the following functions are

tested:

— active power;

— reactive pOwEeT,

— gpparent power.

6.2.8 Common mode voltage rejection test

For pach isolated current input, the following test (as described in Figure 8).'shall be mad

e. It

congists in calculating the difference between two measurements, P1 without common mode
voltage and P2 with a common mode voltage applied between the gurrent inputs and

refefence ground.

Current generator:

-

10 % Iy, for PMD DD
5 % I, for PMD SD

Power factor =

1 between current
and voltage

generator at f,

I
|
Common —I_
mode voltage U,

Current input

P1 without commo

Adtive power measurement | mode voltage

display, or any output then
(display y output P2 with common

mode voltage

Common mode voltag
rejection = (P1 - P2) /

Voltage input

Reference ground

o

A conductive foil shall be connected to earth in case
equipment whose enclosure is not connected to gro

the

9]
=

of
nd

Figure 8 - Common mode voltage influence testing

6.2.9 Frequency

With the set-up of Table 19, the waveform in Figure 9 is generated:

IEC
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Test waveform

150

100

AR

w
o

//
\\

Reldtive
amiflitude
g

N

0 2 4 6 8 10 12 14 16 18 20

Time (ms)

|
—_
o
(=)

-150

IEC

NOHE The relative amplitude is expressed in percent of fundamental peak valuég

NOHE The curve is given at 50 Hz. For other frequencies, it-must shall be’adapted accordingly.

The qurve has the following expression:

with

7
x(t) = 100sin(wt)— D, a1 sin((2k + L)et)
k=1

3=10,a;,=12,a,=10,a4=3,a;; =7,3,, =6, =1

Figure 9 — Waveform for harmonics influence test
onfrequency measurement

6.2.10 Measurement of voltage harmonics and THD,,

6.2.10.1 General

The
50 H

following tests-shall be performed at rated voltage U, at 45 Hz, 50 Hz and 55 Hz for

z rated frequeney, and at 55 Hz, 60 Hz and 65 Hz for 60 Hz rated frequency.

6.2.10.2 Test with a sinusoidal waveform

The
from

test.shall be performed with a pure sinusoidal voltage waveform, with frequencies t
©:2:10. The PMD shall not measure any voltage harmonics component and THD,

aken
Twith

amp

itude above 0,001 5 x C x U, (C Is the function performance class).

6.2.10.3 Test with a-sguare distorted waveform
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The test shall be performed with at least one distorted waveform with fundamental
frequencies taken from 6.2.10. All the specified harmonics and THD shall be tested with
respect to the uncertainty limits defined in Table 38 and Table 39 respectively.

6.2.11 Measurement of current harmonics and THD,;
6.2.11.1 General

The following tests shall be performed at rated current I, or I, and at 45 Hz, 50 Hz and 55 Hz
for 50 Hz rated frequency, and at 55 Hz, 60 Hz and 65 Hz for 60 Hz rated frequency.

6.2.11.2 Test with a sinusoidal waveform

The|test shall be performed with a pure sinusoidal current waveform, with frequeneies taken
from 6.2.11. The PMD shall not measure any current harmonics component and) THD; (with
amplitude above 0,005 x C x I, (or I). (C is the function performance class).

6.2.11.3 Test with a-sguare distorted waveform

Qi
5P

()

©
5D
q
<
b
4
q
D
q
©
©

The| test shall be performed with at least qQn€ distorted waveform with fundamental
freqpuencies taken from 6.2.11. All the specifiedh*harmonics and THD shall be tested [with
respect to the uncertainty limits defined in TahJer42 and Table 43 respectively.

6.2.12 Dips and swells

The|tests shall at least be done with rectangular dip or swell modulation and with a dip or
swel|l duration of one full cycle.

The|test of the influence guantities can be omitted if this test has been done during| the
voltage RMS measurements.

6.2.13 Voltage interruptions

The|tests shall-atleast be done for a voltage interruption of one full cycle.

6.2.14 Outputs tests

6.2.141” General

PMD shall be tested under reference conditions.

6.2.14.2 Test of compliance voltage and effect of variation of load.

This test shall only be carried out on a PMD with analog outputs that are a current signal.

Testing shall be carried out at the minimum and maximum (low and high) values of the analog
output. At each point the output load resistance shall be set at 10 % and 90 % of its specified
maximum value:

— the supply voltage for the analog output, if supplied from a source external to the PMD,
shall be set to its minimum and maximum specified values;
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— the supply of the PMD shall be set to its specified minimum and maximum values or in
accordance with the rated voltage + 15 %.

The worst case maximum and minimum readings at the low and high outputs shall be noted.

The

percentage uncertainty E shall be determined using the following formula:

N -W

E= x100

where N is the rated signal, W is the worst case signal and U is the output span.

6.2.

The
of th

6.2.

The
prod
outp

The
prod
outp

6.2.

The

minimum and maximum values. Any programmable features of the output, such as input o

or fu

6.2.
6.2.

Afte
orc

6.2.
The

| 4.3 Test of ripple content

e output. The ripple content shall be measured as a peak-to-peak value.

4.4 Tests of analog output response time
response time for an increasing input shall be determined for amyinput step intends

uce a change in output signal from 0 % to 100 % of the output’range as the time fo
ut to reach 90 % of the output range.

response time for a decreasing input shall be determined for an input step intende
uce a change in output signal from 100 % to 0 % of¢he output range as the time fo
ut to reach 10 % of the output range.

4.5 Test of limit value of analog output
limiting value of the analog output shall be tested by varying the input parameter betw

[I-scale value, shall be set so as to provide the maximum overloads.

|5 Climatic tests

5.1 General

hange of the information and shall operate within its specifications.

|5.2 Dry heattest
test shathbe carried out according to IEC 60068-2-2, under the following conditions:

PMD(in*non-operating condition;
cmperature: +70 °C £ 2 °C for K40 PMD and K55 PMD;

ripple content of the analog output shall be tested at rated minimum and maximum values

d to
the

d to
the

een
ffset

[ an appropriate recovering time after each climatic test, the PMD shall show no danjage

+85 °C + 2 °C for K70 PMD;

— duration of test: 16 h.

6.2.15.3 Cold test

The

test shall be carried out according to IEC 60068-2-1, under the following conditions:

— PMD in non-operating condition;

-t

emperature: —-25°C % 3 °C for K40 PMD and K55 PMD;
—40 °C = 3 °C for K70 PMD;

— duration of test: 16 h.
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6.2.15.4 Damp heat cyclic test
The test shall be carried out according to IEC 60068-2-30, under the following conditions:

— voltage and auxiliary circuits energised with rated voltage;
— without any current in the current circuits;
— variant 1;
— upper temperature: +40 °C £ 2 °C for K40 PMD;
+55 °C £ 2 °C for K55 PMD;

/U U T2 CI0I K7U FNVID,

— 1o special precautions shall be taken regarding the removal of surface moisture;
— duration of the test: 6 cycles.

The|damp heat test also serves as a corrosion test. The result is judged visually. No trage of
corrpsion likely to affect the functional properties of the PMD shall be apparent.

6.2.16 EMC tests

For EM RF fields and conducted RF the following requirements’apply:

— the auxiliary circuits of the PMD shall be energisedayith the rated voltage,
— the PMD shall be tested in its operating conditions,

with| basic current I, respectively rated currentl,, rated voltage, power factor equal fo 1
(or gqual to O for reactive power) whichever is>applicable.

Variptions due to the EM influence quantities as defined in-theprevious-tables Table 9, Tjable
13 and Table 17 (limits of variation dugo influence quantities) apply.

6.2.17 Start-up tests

The|starting time of PMD without communication or local user interface shall be tested |with
the following procedure:
— ¢onfigure PMD scales to maximum possible values without causing calculation overfloys;
— get up the kWh/pulse value to the minimum possible value;

— get up the<optical pick up probe or other pulse pick-up device; a solid state relay jor a
mechanieal relay may be used as the energy pulse output device;

— power.down the PMD;

— apply U and | PE =1 0 on all voltage and current measurement inputs:
L mrax mrax” 4 ~ T T

power up the PMD and measure the time from the application of power until the first
energy pulse registered by the probe.

6.2.18 Gapless measurement test
The gapless nature of the measurement process shall be tested using:

a) voltage waveform as in reference conditions
b) current varying between two levels:

1) I, orl, over periods of 1's

2) 50 % I, or 50 % I, over periods of 0,2 s
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The measurement uncertainty of the following quantities shall be checked against the intrinsic
uncertainty limits after a test period of at least 1 min: active energy, reactive energy, apparent

ener

gy according to Table 8, Table 12, Table 16.

It is recommended to use a reference meter to perform the test.

6.2.19 TFypetestsof PMB-A Safety tests

Tests shall be conducted according to IEC 61010-1 and IEC 61010-2-030 test requireme)g

6.3 | Routine tests '\(b
6.3.1 Protective bonding test "],Q
The|PMD shall be tested in accordance with Annex F of IEC 61010-1:2 1§\q/

6.3.2 Dielectric strength test

6.3.8  Uncertainty test Q

<,§o

PMD shall be tested in accordance with Annex F of IEC %]/C}O 1:2010.

poinfts spanning the measure range.

intrinsic uncertainty of each main f@\Ton (e.g. voltage, current or power measuren
idh is accessible to the user shall b rified throughout the measuring range.

pach test, it is recommende "&verlfy the intrinsic uncertainty at a minimum of three

operating uncertai& can be evaluated according to Annex G on a statistical basis.
recommended@Qcord the test results of the routine test.

ent)

test
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Annex A
(informative)

Metering, measuring and monitoring applications

A.1 Applications on demand side and supply side

Measurement applications can be roughly summarized according to Figure A.1.

SubstationA\ ------

oL ‘ -

\{.\ Su@ion
SN

Buildings

Data Centres

--......,:J't‘
\'4
®0

\_ [Infrastructure /

cipeg @

Renewable energy plants,

C)

-

§Dre A.1 - Simplified overview of measurement applications on
é supply side and demand side

HV and MV distribution - QY
]
' Low voltage distribution Qy ‘
]
Power quality survey Power quality assessment : Power metering and m hg?ng
HQI-S according to IEC 62586 PQI-A according to IEC 62586 ¢ (cost allocation, energy efficiency, nd side powdr
based on IEC 61000-4-30 based on |IEC 61000-4-30 " quality...) PMD accordin%_io/l 61557-12
Revenue/metering for billing :
Revenije meters according to ] /\/
i |EC 6205x-xx ] YR
i : N
| SUPPLY SIDE; J.\ ND SIDE |
' entralised generation "' \\
| i \ Point ofl common cou% PCC)
53 0 & A N
. i \ \
Ge“‘-‘*-'&?ﬂ Transmission % Distribution' S\ Consumers
L ﬁ \\'"" ‘ . \ >
Power plant : ‘ﬁ “| Residential
?Substahon \ N T
N (@
“": | @
>\‘EJ Q \ (] Industry
‘ (]
KR ®
]

IEC

A.2 g/ink hetween npplir‘m‘ian, devices and standards

Table A.1 shows the relevant device and associated standards related to the

measurement applications.

main
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Measurement Relevant IEC Device name Usual device name Complementary
Application product according to explanations
standards standards
Billing IEC 62052-11 and Electricity Revenue meter Energy metering for
a metering . . billing applications (e.g.
IEC 62053-2x equipment Electr|C|ty meter for bl”lng Utlllty bl”lng a landlord or

Utility meter

Billing meter

a mall owner).

Transmission grid-level
metering.

Stradow-oTg

Engrgy usage
dnalysis

IEC 61557-12 P

Power metering
and monitoring
device (PMD-I)

Power meter

Energy meter

Energy cost and Usgage
analysis (ié~€os
allocation within &

companin, ef for endrgy

effickehcy purposep)

Bapic power
mpnitoring

IEC 61557-12

Power metering
and monitoring
device (PMD-II)

Power meter
Power monitor
Power monitor device

Power energy monit@png
device

Power analyser
Multifungtion meter

MeasuiQg multifunction
equipment

Basic demand side
quality analysis + energy
cost and usage anallsis

Aflvanced
power
mpnitoring

IEC 61557-12

Power metering
and monitoring
device (PMD-III)

Power meter
Power monitor
Power monitor device

Power energy monitoring
device

Power analyser
Multifunction meter

Measuring multifunction
equipment

Advanced demand gide
quality analysis + enprgy
cost and usage anallsis

Power quality
dnalysis

IEC 62586+1

Power quality
instrument (PQI)

Power quality instrument
Power quality analyser
Power analyser

Network analyser

Power quality analysis
according to IEC 61000-
4-30 for power quality
survey (e.g. accordirlg to

EN 50160)

a2  Regionajtegulations or standards may apply, for example MID, ANSI,... as well as utility specifications.

b HEnefgy-meters complying with IEC 62052-11 and IEC 62053-2x can also be used for energy usage analysis

dpplieations.
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Annex B
(informative)

Definitions of electrical parameters

U o DT 0UoU— a4 OUu—ConctH g mcagqar|ty

rafar On!y to 1EC 61000-4-30 concernina—measiring

TCTTT

VWGt

mn—this ctandard which

Vo= o —otarraaro

MDP-A

for
HOHF
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Not relevant method
Vectorial sum of phase
currents-
- ” e
Lvoltage-and-neutral
V—el-tag-e:—Upg =VpN—Va;N
Upg =
N
Activp-powerforphasep 1 N-1
Pp=—- " (VN xipy )
N
k=0
Appayent power-forphase p Sp :VpN xIp

Sign plieactive-power(SignQ} | SignQ(¢y)=+1 if g, [0°-180°] =

SignQ(p,) = -1 if ¢, <[180°-360°] =

Reacfive power for phase p .
Qp = SignQ(g) x+Sp? —Pp?

Totalractive-power P=P1+P2+P3

Totalireactive power-(vector) QV=Q1+Q2+Q3

Sv=4P? +Qv2

Fotallapparentpower{arithmetic} | SpA =S1+S2+S3

Total reactive power{arithmetic)-b
QA =vSA?-P?
Power factor (vector)
PFv = P
V
: :
preriactorarinere PFA=——
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Foble Ao Leentinundy
Veltage-dips Un —Uresid
Uy (%)= — —
dlp( 0) Un
Voltage-swells 0 Uresid —Un
Usw (%) = ———
Un
. 9 . max{‘Ulz ~Uayg HUZB ~Uayg HU31 ~Uayg }Whpm
o Uan
U Upp +Up3 +Ug
avg=f
referfing to-r-m.s. value ,Z hi2
(FHOLR for voltage and THB-R, | THD-R(%)=—"=2
forey . rms value
rmesovalue = U g for THD-R b Tor THD-R;
to-fusidamental /z h?
(FHD| for voltage-and THDfor | THD(%) = 11=2
currept)- hy
S Seg-Flere A 00
b-Thitpoweris-unsigned:
1 1
Sy OA

IEC 1281/07
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__ Export active power | Import active power

+

Y Y Y
Import S
reactive | + \
powWer 9] ] Q \I
- -

Il
A
Export I
reactive | —
power ‘ P ~| |»
I v

IEC 1282/07

B.1| General

Anngx B gives the cammon definitions and methods for measuring electrical quantities. Spme
of these definition§_gan be found in IEEE 1459. Manufacturers using other methods shjppuld
speg¢ify their own methods in the technical documentation.

B.2| Definhitions in the presence of a neutral

TableB

e B 1 ¢ the
parameters.
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Table B.1 — Definition of symbols

Symbol Definition
Number of samples in one fundamental period
M Number of samples used for measurement (length of measurement window)
At Duration of the measurement window in seconds
k Index of a sample within the measurement window (0 < k < M-1)
p Index of a phase (p=1,2o0r3;0orp=a,b,c;orp=r,s,t;orp=R,Y, B)
g Index of a phase (g =1,2o0r3;0org=a,b,c;org=r,s,t;org=R, Y, B)
Nph Number of phases excluding neutral (generally 1 or 3)
ipk Phase p current sample number k
ing Measured neutral current sample number k
Vo Phase p to neutral voltage sample number k
Vo Phase g to neutral voltage sample number k
POk Phase p to phase g voltage sample number k: Upge = Vo Ve
Pp Phase angle between the fundamental current and the fundamenta] Voltage for phase p
N ad Maximum harmonic rank used for harmonic measurements
|i'p Harmonic current of rank i in phase p (RMS value)
In,i Harmonic current of rank i in the neutral (RMS vahl€)
Vi,p Harmonic phase p to neutral voltage of rank i (RIMS value)
Pip Phase angle between harmonic current and Barmonic voltage at rank i on phase p
Ui'pg Harmonic phase p to phase g voltage ofifank i(RMS value)
I p.haxdem Maximum 15 min or 30 min demand value of fundamental current for phase p
X Generic symbol of an electrical quantity within a formula, to be replaced by I, | _ or | for current,
p N
by V or Vp for phase to newiral voltage, or by U or Upg for phase to phase voltage
Xneg Negative_-sequence coniponent of electrical quantity X considering its decomposition into
symmetrical comgonents
XpOS Postive-sequénce component of electrical quantity X considering its decomposition into
symmetrical’components
X er Zero-séquence component of electrical quantity X considering its decomposition into symmetri¢al
compenents
chy (X1/2(:y) RMS value of electrical quantity X (current or voltage) measured over 1(1/2) fundamental cyclp
and refreshed each cycle
X ef Reference r.m.s value used to detect and characterize dips and swells, may be a fixed value of a
time-varyimg vaiue
res Lowest chy or Xl/ch value measured during a dip event
Xewell Highest Xiey value measured during a swell event

The calculation methods in Table B.2 are reference algorithms for computing electrical

guantities in the general case.

Depending on the characteristics of a PMD, different
Manufacturers of PMD not using these formulas should document the calculation methods

used in the product.

implementations are possible.
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Table B.2 — Calculation definitions for electrical parameters

Item

Symbol and definition

RMS values

RMS current in phase p

P
Phase p to neutral RMS voltage
Vo =
Phage p to phase g RMS voltage
Upg =
Totdl (or average) RMS current or voltage Nph
2%
=1
X =L
Nph
Calqulated RMS neutral current M—1
3 (i +izy +i3, )
., =<fk=0
\ M
Phase powers
Actiye power for phase p 1 M-1
Pp :V. (Vpk xipk)
k=0
Appfrent power for phase p Sp :Vp X |p
Reaftive power for phase p, power.trifangle formula ) 2 2
(als¢ known as Fryze’s definition)® Qp = Qpyiay = SIGNQ(4,) x\/Sp™ — Pp
with
SignQ(4,) = +1 if ¢, < [0°-180°]
SignQ(4,) = -1 if ¢, <[180° - 360°]
NOTE This quantity is sometimes referred to agl the
non-active power.
Reaftive/power for phase p,quadrature phase shift 1 M
formara™ & = Paad = 2 (Pk-N74<PK)
M o
Reactive power for phase p, Budeanu's harmonic Fnax

definition &°¢

Qp = QPparm = Z;I. Iiypvi’pISin((/ﬁ'p)
i=

Distortion power

Phase energies

Active energy for phase p

Ep=Pp»At

Reactive energy for phase p

E,p= Q- At

Apparent energy for phase p

Eap =Sp - At
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Item

‘ Symbol and definition

Total powers

Total active power Nph
P=> PR
p=1
Total reactive power (vector) Nph
Q=20
p=1
Total apparent power (vector
pp p ( ) s, = P2 4 Qv?
Totgl apparent power (arithmetic) Nph
Sa= .S,
p=1
Totql reactive power (arithmetic) P 5 5
QA =VSA" - P
Power factors
Powgr factor for phase p =)
_ P
PF, = —
P
p
NOTE The powerkfactor is sometimes defined with an
absolute value«0q the numerator.
Disglacement power factor for phase p DPFp = COS((pp)
Totgl power factor (vector) p
PF,O
SV
Totdl power factor (arithmetic) P
PFy = —
Sa
Rofrdamental powers
Funglamental active power on phase p Pip=lip Vip- COS(gop)
Funglamental reactive power on phase p Qip=lip Vip- sin((pp)
Funglamental apparent power on phase p Sl,p = Il,p . Vl,p
Distortion indicators
Hariponic distortion of elgeffieal quantity X (I_,V _, or
. PP
Upg) — Phase quantity
Harihonic distertion referred to RMS of electrical
quatity, X (lp, Vp, or Upg) — Phase quantity
FHE—RXG—
Total harmonic distortion of electrical quantity X (I, V, Npn
oru
) D THDX,
=1
THDX = P
Noh
Total harmonic distortion referred to RMS of electrical Ny
uantity X (1, V, or U) 5
q 0 > THD _RX,
p=1
THD_RX =
Npn
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Item Symbol and definition
Total distortion ratio of electrical quantity X (I, V, or U) 5 5
— Phase quantity Xg = Xip
TDRX, =
P X
1p

NOTE Unlike the THD, this distortion ratio contains
the contribution of interharmonic components.

Total distortion ratio of electrical quantity X (I, V, or U) Non
D TORX,
p=1

N

ph

Distprtion active power on phase p

Totdl distortion active power

Totgl demand distortion (current) on phase p

1p,maxdem

Unbalance indicators

Amglitude unbalance for electrical quantity X (I_, V_, or Noh
A p'p o
U_)|- Phase quantity, in percent z X
Py p
X, = X —
p avg p=1
ana,p =100 ——  where Xavg =
Xavg Nph
Totgl amplitude unbalance for electrical quantity X (LA
; Xppa = Maxy (X
or U), in percent nba nbap|f
p=L.Ny,
Amglitude and angle unbalance for electrical guantity X neg
(1, v} or U)) Xpp =100 ——

NOT[E There is no phase quantity\lfor this type of
unbglance.

Internal power quality indicators

1-cyple RMS value of electfieal quantity X (generally
voltdge) on phase p.

Dip pepth forklectrical quantity X (generally voltage) Xref — X resid
X gip (%) = 100 -
X ref
Swel]l depth for electrical quantity X (generally voltage) X awell — X ref
X (%) =100 ——
Xref

a8 See Figure B.1. Reactive power is a controversial notion, there is no “true” definition in non-sinusoidal
conditions. This table only gives the most common definitions. Different standards or measurement products
may use different definitions for the reactive power, or consider only the fundamental reactive power. Under
sinusoidal voltage and current these definitions are equivalent.

This power is unsigned.

¢ Under sinusoidal voltage, these definitions are equivalent even with non-sinusoidal current.
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Figure B.1 — Arithmetic and vector apparent powers in siftysoidal situation

B.3| Power measurement in three-phase three-wiredsystems using the two-
wattmeter method

B.3.L General

If np neutral is present, the three-phase techhigues in Clause B.2 may still be usef to
compute the total powers provided a virtual Rgutral is used in the measurement prodess.
Othgrwise, for three-phase systems without A€utral the two-wattmeter method can be useql.

ia
—_— - x
Uab
b . Three-phase load
Ucb
ic v
ﬁ

IEC

Figure 6.2 — Inree-phase CIircuit without neutral

Considering the circuit in Figure B.2, the measurement device can measure the current in all
three phases (i, i, and i;) but, since no neutral is present, can only measure line to line
voltages. Taking phase b as a reference, let’s consider the measured voltages are U,, and
Ucp-

If a neutral were present, these line to line voltages would write:
Uagp =Va—Vp and Ugpy =Ve —Vp

Furthermore, since there is no neutral, the following property is always true:
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ig +ip +ic =0

The purpose is to use the available quantities and these properties to obtain an accurate
measurement of the total powers consumed by the load.

B.3.2 Total active power

Suppose the measuring instrument measures two-phase active powers using the available
line to line voltages:

Py =ullg-Uap) and P = ulic -Ucp ) A

2

Y
whete the i operator stands for the averaging over the measurement window of I\/tggﬁple
N

Thege phase active powers are physically meaningless in the sense tt@} they are| not
indiyidually related to the total active power drawn by the load. :

N
/\/
However, using the properties in B.3.1, it can be shown that: (é’.)
N

P1+P2:ﬂ('a'Va)+ﬂ(ib'Vb)+ﬂ(ic'Vc):Pa“‘ +FR =P

N
Theltotal active power drawn by the load can be dete@ned as the algebraic sum of| the
phage active powers measured using the two current%ﬂ]d the two line to line voltages.

B.3.3 Total vector reactive power using qu§t<r2clture phase shift definition

If the phase reactive powers are measuredgysing the quadrature formula, the total vector

readtive power can be determined from the{ﬁhase reactive powers:

Qiquad = ﬂ(iQ\@ab) and Q3 quad = ﬂ(i'c’ucb)
xO

whefe i’; and i’ stand for th@\}phase a current in quadrature and the phase b curreft in
quadlirature. Using the proptr)ﬁbs in B.3.1, it can be shown that:

Q1,duad + Q2,quad =(§"a'\’a)"‘ #(i'b Vb )"‘ /‘(i'c Ve ) = Qa,quad + Qb,quad + Qc,quad = Qv

B.3.j4 Total w@stor reactive power using Budeanu’s definition

powgr ¢ determined from the phase reactive powers:

NS

If thi phé;é@active powers are measured using Budeanu’s formula, the total vector reagtive

e Ara
Q1harm = Z lia-Uiap 'Sin(("i,ab) and Qoparm = Z lic -Uich 'Sin(¢i,cb)
i=1 i=1

It can be shown that the total reactive power using Budeanu’s definition is the sum of both
measured phase reactive powers:

Qiharm + Q2narm = Qa,harm + Qb,harm + Qc harm = Qv

NOTE There is no simple formula for the total vector reactive power in the general case if the phase reactive
powers are measured using the triangle formula definition.
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B.4 Additional relationships in case of sinusoidal voltage

If the voltage can be considered sinusoidal, the power comes from the fundamental current
and the fundamental voltage only.

The following additional relationships between the electrical quantities hold, even if the
current is not sinusoidal and/or in the presence of current and/or voltage unbalance:

Pp=Pp

QPharm = quuad = Ql,p

V2 |2 2 Ub
Va :T‘\/Uab +Ugac — ;C
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Annex C
(informative)

Convention about the sign of the power factor

C.1 General

The formatting of the power factor is just a question of convention. Manufacturers need to
define the convention used on their devices, or need to let customers know the conventions
selefptapte oM e UeVIiCes.

Table C.1 shows the conventions IEC-C and IEEE-C available with a consumer péfspective,
accqrding to a scheme given in Figure C.1.

Table C.2 shows the conventions IEC-P available with a producer perspective/ according|to a
schgme given in Figure C.2.

C.2| Convention for power factor (consumer perspective)

Export active power | Import(active power

Import S
reactive \
power Q 0
P 0

Export
reactive
power

0] v

IEC

Figure C.1 — Formatting of power factor with a consumer perspective
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Table C.1 — Conventions for the sign of Power factor
with a Consumer perspective

IEEE consumer

Quadrant Meaning with a consumer IEC consumer
perspective convention for sign convention for sign
(IEC-C convention) (IEEE-C convention)
Quadrant | Import P; Import Q + -
(Inductive) (Lagging)
Quadrant Il Export P; Import Q - +
(Capacitive) (I eading)
Qpadrant Il Export P; Export Q - -
(Inductive) (Lagging)
Qpadrant IV Import P; Export Q + ¢
(Capacitive) (Lrading)

C.3] Convention for power factor (producer reference frafrg)

Import active power

Producetactive power

Produce
reactive
power

Import
reactive
power

el

Figure C.2 — Convention for power factor with a producer perspective

IEC
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Table C.2 — Conventions for the sign of power factor
with a producer perspective

Quadrant Meaning with a producer IEC producer convention
perspective for sign
(IEC-P convention)

Quadrant | Produce P; Produce Q +

(Overexcited)
Quadrant Il Import P; Produce Q -

(Overexcited)
Quadrant Ill Import P; Import Q -

(Under excited)
Quadrant 1V Produce P; Import Q +

(Under excited)
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Annex D
(normative)

Definitions of minimum, maximum, peak and demand values

D.1 Demand quantities

D.1.1 General
A dgmeandstheaveragevatueofaguantity overaspecifredperiod-of-timre:
D.1.p Power demand

Power demand is calculated using arithmetical integration of power values during a perig
timel divided by the length of the period. The result is equivalent to the enérgy accumul
during the period of time divided by the length of the period.

D.1.B

Current demand

Curilent demand is calculated using arithmetical integration of the_current RMS values dy
a period of time, divided by the length of the period.

D.1.4

Thermal current demand (or bi-metal current demand)

Thefmal current demand calculates the demand based on a thermal response, which mi
the analog thermal demand meters as described in Figure D.1.

Squrce
input

100 %

n %

0%

A Thermal
demand

|

Defined by time

—=— constant setup
register

Interval

T

Defined by interval
setup register

Time

d of
ated

ring

mics

NOTE The value of n is usually 90 %; the time interval is usually 15 min.

D.1.5

The PMD handle the duration of intervals to calculate the demand.

Figure D.1 — Thermal current demand

Specified intervals for demand calculation

several methods:

PMD can implement

o fixed block interval: the intervals are consecutive; the PMD calculates and updates the
demand at the end of each interval as described in Figure D.2;
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Demand value
is the average

Calculation updates for last

at the end of the interval\ completed
interval

15-min interval 15-min interval 15-min
- - | - - I
5 38 45 Time (min)
Fixed block

IEC

NOTE 15 min is only an example.

Figure D.2 — Fixed block interval

[ ]
L.

liding block interval: the intervals are sliding; the PMD calculates and updates| the
demand at the sliding speed as described in Figure D.3.

— Calculation updates ~4— Demand value
1ISthe average
15-min interval for last
\ - F completed
| interval

HIIT‘I | L] iﬁ ‘Q{)‘q

Sliding block Time (s)

IEC
NOTE 15 min is only an example.
Figuré D.3 — Sliding block interval

D.2| Peak demand quantities

Peak demand is the highest demand value (positive or negative) since the beginning of the
mealsurement or the last reset.

D.3| Three-phases average quantities

In a|thrée- or four-wire system, the average value of a gquantity is the arithmetical averade of
each phase value.

EXAMPLE: Three-phase average line to neutral voltage = (V1 RMS voltage + V2 RMS voltage +
V3 RMS voltage) / 3

D.4 Maximum and minimum quantities

The maximum value of a quantity is the highest value measured or calculated since the
beginning of the measurement or the last reset.

The minimum value of a quantity is the lowest value measured or calculated since the
beginning of the measurement or the last reset.
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Annex E
(informative)

Intrinsic uncertainty and operating uncertainty;

and-overall system-uncertanty

E.1 General

IEC 61557-12:2018 RLV © |IEC 2018

The|operating uncertainty of a monitoring instrument is defined by a specification of:

— yncertainty limits over a measuring range;

— haximum deviations in the presence of
parameters or external conditions).

influencing quantities

(povrer

sygtem

Anngx E provides guidance on the calculation of operating uncertainty and“does not addfess
the jpdditional concept of a measurement performance class. An opénrdting uncertainty |is a
quallity indicator, not comparable with a measurement performance-Class, because they| are

diffgrent in nature and are not used for the same purposes.

Figure E.1 below describes different kinds of uncertainties:

Variations due to
influence quantities

\ I Uncertainty |
| | under reference * /
\ \ conditions AN

Operating uncertainty
according to IEC 61557-1

%

Intrinsic uncertainty
(see IEC 60050 (all parts)
and IEC 60359)

Figure E.1 — Different kinds of uncertainties

IEC

E.2 Operating uncertainty calculation

Operating uncertainty—shall includes intrinsic uncertainty (under reference conditions) and

variation due to influence quantities.

NIQ

i=1

Operating uncertainty = \/(PMD intrinsic uncertainty)2 +%Z (variation due to influence quantity)2

NOTE 1 NIQ = number of influence quantities.
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NOTE 2 This formula is derived from ISO/IEC Guide 98-3:2008, 6.2, taking into accou nt a coverage probability of
95 %.

In this formula the PMD intrinsic measurement uncertainty is determined at two standard
deviations as described in G.3.2. In order to take into account a coverage factor of 95,45 % in
the formula, the variation of the uncertainty due to the influence quantity shall be determined
at one standard deviation. The process of determining the operating uncertainty is shown in
Figure E.2. The correction factors to be applied to the calculated standard deviations are
tabulated in Table G.1.

For NIQ influence quantities

N measurements M measurements %)( )

REFERENCE CONDITIONS WITH INFLUENCE QUA

| r;b/q/Q

A 4 4

-
\emgw +C,(N)-o lerss,. |+ C.(V) - & \%’@% C,\(M)-o
&
L

ST

Opefating uncertainty = |(PMD Intrinsic Uncertginty)? + 3 Z(Variation due to influence quantify;)?
&S

) EC
Figure E.2 — Flowchart f,@the determination of the operating uncertainty

N
Overall system uncertainty = 1,15 x \/ (PMD operating uncertainty)2 + Z(sensoruncertainty + wirings uncertainty)2
i=1
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Annex F
(informative)

Recommended sensor classes for the different kinds of PMD
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F.1 General considerations

The|association of a PMD Sx, PMD xS and PMD SS with external current and/or v}sl age
sengors builds a system. The performance of that system depends on the measur t itself
(active energy, frequency, harmonic voltage ...), the sensor class and the PMD\@B ormance

clasp.
X

Overall uncertainty of the measurement chain formed by this association;@ﬁbdes uncertainty
due [to the PMD and uncertainty due to the sensors under reference conQi»tions.

%o
N2

For PMD DD: overall uncertainty = intrinsic uncertainty )

For |PMD xS, PMD Sx and PMD SS, typical overall@certainty values for relejvant
compinations are shown in Table F.1. 3

F.2| Specific case of an active power and Q%ng measurement, achieved by a
PMD associated with an external cu t sensor or/and a voltage sensqr

b

Table F.1 provides information about assog\ig@hg a PMD with external sensors.

Table F.1 — PMD SD associated\®ﬁ1 current sensor or PMD DS associated with

voltage sensor or PMD SS-associated with voltage and current sensors

\
Performance class of the PI\/II?}‘ Recommended sensor class to Typical overall uncertainty
(for active power and en g&\ associate to the PMD 2P ¢ (for active power and enefgy
megsurement) without extern:z:ﬁensors measurement)
(PMD-Sx or PMD-xS or“PMD SS)
A
0,1 ('® 0,1 or better 0,2 %
e
8() 0,2 or better 0,5 %
o
Q§é,5 0,5 or better 1%
\O\ 1 1 or better 2%
0,
. C); 2 2 or better 5%
For pt combinations, manufacturers should provide information or recommended sensors for association.
a8 This induces an acceptable loss of performance of the system.
b For power and energy measurements 0,2 S and 0,5 S class sensors are usually required.
¢ Class sensor refers to classes defined in IEC 61869-2, IEC 61869-3, IEC 60044-7 and IEC 60044-8. When
transducers replace sensors, class sensor refers to intrinsic uncertainty of the transducer.

F.3 List of functions affected by uncertainty of external sensors

Table F.2 defines the influence of each kind of sensor on each function of a PMD.
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Table F.2 — List of functions affected by uncertainty of external sensors

Symbol Function Current Voltage
sensor sensor
P, Total active power X X
Qa Qu Total reactive power (arithmetic or vector) X X
Su Sy Total apparent power (arithmetic or vector) X X
E, Total active energy X X
E.a Eny Total reactive energy (arithmetic or vector) X X
EapA, EapV Total apparent energy (arithmetic or vector) X X
f Frequency - 2
I Phase current X -
I e Neutral current (measured, calculated) X -
U orlv Voltage (Lp-Lg or Lp-N) - X
PF,{ PF, Power factor (arithmetic, vector) X X
Peo Pt Flicker (short term, long term) - -
Udip or Vdip Voltage dips (Lp—Lg or Lp—N) - X
Ugwilor Vo Voltage swells (Lp-Lg or Lp-N) - X
Uint PT Vi Voltage interruption (Lp—Lg or Lp—N ) - X
Y. W#ageubtnbalaneeuampumde—g:p-%) - %
Y., Vel%ag&kmbatane&phaseﬂand—amphwde%p—gg%kpw - *
Uobd O Vipa Amplitude voltage unbalance (Lp-Lg or Lp-N) - X
Uob P Vo Amplitude and phase voltage unbalance (Lp—Lg or Lp—N ) - X
U, grv, Voltage harmonics - X
THD},, THD-R,, Voltage THD (referred to fundamental, referred to RMS value) - X
or THD,, THD-
RV
I Current harmonics X -
THD, THD-R, Current THD (THD\referred to the fundamental, THD-R, referred to X -
the RMS value nespectively)
Msy] Maths-sigrathing-veltage - *
NOT[E "x" means "affects the function”, "-" means “does not affect the function”.
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Annex G
(informative)

Notion of measurement uncertainty

G.1 General considerations

Annex G is intended to become normative for the next edition of this document.

For |this document, the level of confidence is 95,45 %, meaning that 95,45 % qf| the
measurements are expected to lie within the interval defined by the avera the
measurements plus or minus the calculated expanded uncertainty. This correspo to[ two
timejs the standard deviation.
Anngx G provides information about how a number N of values measured @Tfn e PMD cah be
used to determinate the measurement uncertainty of that device. UsMg, easurements to
deriye the uncertainty is generally referred to as “Type A“ method of {ation of uncertalinty.
Qualifying a product typically requires applying this procedure on se\zg | product samples].
The| uncertainty of a measurement under certain operat condltlons is a value [that
characterizes the dispersion of the values that could éasonably be attributed to| the
mealsurand. It is a measure of the bounds within wh|ch lue may be reasonably (with a
certqin level of confidence) presumed to lie.
The| measurement uncertainty is not the me@ rement error, which characterizes| the
diffegrence between a measured value and the Q\Q} entional true value.
In the calculations below, it is assumed tha@he distribution of the measurements around fheir
mealn reasonably follows a normal d|str@t|on If this is not the case, the estimated stanplard
dev}tlon shall be corrected appropr&u@Iy (e.g. by dividing by V3 if the actual distributiqn is
unifgrm).
xO

. N % -
G.2| Computing the e@%’ded uncertainty
G.21 General <)® )
The|expanded u &‘)talnty is an estimate of the uncertainty taking into account impoftant
pargmeters su §§S
e thenu N of measured values available from the test
° thte;Gwl of confidence desired for the uncertainty results

G.2.2 ESTimated standara aeviation

The sample standard deviation of the set of N measurements {xi}i=1..N is computed as

follows:
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G.2.3 Expanded uncertainty

The expanded uncertainty takes into account both the number N of measurements and the
desired level of confidence in the final uncertainty. The level of confidence indicates how
many of the measurements are likely to be within the calculated uncertainty limits.

The correction factor C(N) to be applied to the estimated standard deviation for the number of
measurements N is the Student t-factor. It compensates for the underestimation of the
standard deviation when calculated on a reduced set of measurements. It is specified
in Table G.1. Values not tabulated can be recalculated or interpolated from the tabulated

values.
Table G.1 — Correction factor C(N) for sample size N
Nfimber of measurements N Correction factor C,(N) for one Correction factor B,(N) for two
standard deviation standard deWwiations
3 1,321 4,527
4 1,197 3,307
5 1,142 2,869
6 1,111 2,649
7 1,091 2,517
8 1,077 2,429
9 1,067 2,366
10 1,059 2,320
11 1,053 2,284
12 1,048 2,255
13 1,043 2,231
14 1,040 2,212
15 1,037 2,195
16 1,034 2,181
17 1,032 2,169
18 1,030 2,158
19 1,029 2,149
20 1,027 2,140
30, 1,018 2,090
2Q 1,013 2,066
50 1,010 2,052
100 1,005 2,026

The expanded uncertainty is calculated as:

UNCexp = C2(N)-o

The estimated standard deviation and the expanded uncertainty are measures of the
dispersion of the measurements (taken in identical conditions) around their average value. It
characterizes the random error, sometimes called the precision of the measurement.
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G.3 Determining the measurement uncertainty

G.3.1 Systematic error

The systematic error is the difference between the conventional true value and the average of
the measured values. It can be determined as:

ErMsyst = Xtrue — X

It can be positive or negative. It can be expressed in physical units or as a percentage of the
true|value. In statistics, the systematic error is also called a bias.

Y
The| conventional true value is typically estimated using a reference powercﬁgTer. The
accyracy of the reference meter should typically be better than the expected 6@& acy of the
PMD under test, by at least a factor 10.

The| systematic error is a measure of the accuracy of the measu vr%qn/t Values of| the
systematic error significantly different from zero typically result r6§ imperfect or inyalid
califjration in the operating conditions of the test, or from consida&ﬁ@ too small a numbeér of
mealsurements. ©

G.3p Measurement uncertainty ;\\Q/
O

The| difference between the measurements and t true value of the measurangl is
chanacterized by both the systematic error and thgz dom error. A good measurement|is a
meajsurement that is both true and precise. \\

QO

Botll indicators can be combined to provide am estimate of the overall uncertainty, which will
be ¢onsidered as the measurement unce(bainty. The measurement uncertainty in absg@lute
valug can be computed as:

¥
c\)j‘:@ncMeas = ‘errSyst unc,
N\

This| concept is shownié\lzi.gure G.1.

elMsyst Measurement
Systematic error uncertainty
(bias)

F

20 | UnCgyp
- — - X

26 | UnCgyp

w L 4

N measurements

> Measurements number

IEC

Figure G.1 — lllustration of the notion of measurement uncertainty

The value of the measurement uncertainty depends on:
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o the systematic error, reflecting the quality of the calibration of the product in the operating
conditions of the test,

e the random error, reflecting the quality of the measurement process and the level of noise
in the operating conditions of the test,

e the number N of measurements made during the test,

e the resolution of the measurement

and therefore provides a good indicator of the overall quality of the measurement.

NOTE—Othetrsouices-oi-uncertanty-are-nomralytakeninto-accouni-butare-disregarded-n-this-edition-:
4 7 J

G.4

G.4)

to bp compared to the uncertainty limit specified in the intrinsic
asségss the class of the measurement. C)

G.4p

The|measurement uncertainty calculated for each intrinsic uncerts@ test conducted n¢eds

e If the measurement uncertainty is smaller than the spe Rgﬁ uncertainty limit of class ¢ for
Ll the intrinsic uncertainty tests, then complianceéo@ ass C for intrinsinc uncertainfy is
ranted.

g
!

e ({therwise, i.e. if the measurement uncertai th greater than the specified uncertginty
I
g

uncertainty of the reference meter, A

uncertainty on the estimated mean x due to a limited number of measurements. Qy

®

Using the measurement uncertainty as a pass/fail criterion (]/Q

.

(1/.
A

Intrinsic uncertainty tests

ertainty table, in ord¢r to

mit for at least one of the intrinsic uncertaij tests, compliance to class C is not grapted
Ind a larger class should be considered.

<&

Tests with influence quantitit@

The|measurement uncertainty caIcuI@gﬂ for a test with influence quantities can be comppred

to tHe intrinsic measurement uncq@inty.

G.48

e |f the variation of measuge\j&nt uncertainty is smaller than the specified limit of variation
¢f class C for all the tes(s)
the uncertainty under influence quantities.

e (Otherwise, comp@: to class C is not granted and a larger class should be considergd.

ith influence quantity, then compliance to class C is grantegl for

Overa@%s/fail criterion

Conjpliance Qi;class requires that the product meet the performance requirements in t¢grms

° IF

of bpth i&)@sm uncertainty and variation of uncertainty under influence quantities. Therefgre:

pliance to class C is granted as described above for both the intrinsic uncertapinty

tests and the tesis with influence quaniities, then compliance o class T IS granied.

e Otherwise, compliance to class C is not granted, a larger class shall be considered.

This process is illustrated in Figure G.2.
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Intrinsic uncertainty test

er'r'Syst| + C(N) - UNGens

\ '
N A
N measurements
REFERENCE COMDITIONS

M measurements
WITH INFLUENCE QUANTITY

b

7

—| |en‘5y5t| +C(M)-o

Test with influence quantity

IEC

Figure G.2 — Overview of the uncertainty test\procedure
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62053-22:2003, Electricity metering equipment (a.c.) — Particulahrequirements — Par
¢ meters for active energy (classes 0,2 S and 0,5 S)
62053-22:2003/AMD1:2016

62053-23:2003, Electricity metering equipment (a.c.) ~\Particular requirements — Par
¢ meters for reactive energy (classes 2 and 3)

62053-24:2014, Electricity metering equipment (a.c.) — Particular requirements — Par
¢ meters for reactive energy at fundamentahirequency (classes 0,5 S, 1S and 1)

62586 (all parts), Power quality measurement in power supply systems

62586-1, Power quality measurement in power supply systems — Part 1: Power qu

I[EC Guide 98-3:2008, Whoertainty of measurement — Part 3: Guide to the expressig
rtainty in measurement(GUM:1995)

50001, Energymahagement systems — Requirements with guidance for use

br Sinusoidal, Nonsinusoidal, Balanced, or Unbalanced Conditions

b046072010, Voltage characteristics of electricity supplied by public electricity network

21:

22.

23:

24:

ality

n of

F 1459-2000 1EEE Standard Definitions for the Measurement of Electric Power Quantities

12
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of ([EE is to prg
ternational co-operation on all questions concerning standardization in the electrical and .€lectronic field
is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC, National Committee inter
the subject dealt with may participate in this preparatory work. International, governmental and
bvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express; as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technpical committee has representation fro|
terested IEC National Committees.

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

order to promote international uniformity, IEC~National Committees undertake to apply IEC Publicg
ansparently to the maximum extent possible™in their national and regional publications. Any diverd
ptween any IEC Publication and the correspaonding national or regional publication shall be clearly indica
e latter.

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

| users should ensure that theyshave the latest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical.committees and IEC National Committees for any personal injury, property damal
her damage of any/nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising quUt,of the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drfawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable,for the correct application of this publication.

tentionis* drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htentirights. IEC shall not be held responsible for identifying any or all such patent rights.
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85:

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

b)

PMD-A has been withdrawn due the fact these devices are now mainly covered by the IEC
62586 series of standards.

Three categories of PMD have been created with a list of minimum required functions for
each category.
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¢) Added a new Annex A explaining the different applications linked to the relevant standards
and devices, and another new Annex C about the power factor conventions.

The

text of this International Standard is based on the following documents:
FDIS Report on voting
85/644/FDIS 85/649/RVD

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

This

A li
low
mea|

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

t of all parts in the IEC 61557 series, published under the general title Electrical safe
vVoltage distribution systems up to 1 000 V AC and 1 500 V DC — Equipment for tes
suring or monitoring of protective measures, can be found on the IEC website.

ty in
ting,

The|committee has decided that the contents of this document will remain unchanged unti] the
stabjlity date indicated on the IEC website under "http://webstore.iec:€h" in the data relatgd to
the gpecific document. At this date, the document will be

e rleconfirmed,

e Withdrawn,

e replaced by a revised edition, or

e amended.

IMPDRTANT — The 'colour inside' logo on the cover page of this publication indicates
that| it contains colours which\are considered to be useful for the cornect
undprstanding of its contents. sers should therefore print this document using a

colg

ur printer.
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INTRODUCTION

Energy distribution systems need to guarantee energy efficiency, availability and network

perf

ormances in order to address the following challenges:

— sustainable development requirements where energy measurement, for instance, is
recognised as an essential element of energy management, part of the overall drive to
reduce carbon emissions and to improve the commercial efficiency of manufacturing,

commercial organizations and public services;

— technological evolutions (electronic loads, electronic measuring methods, etc.);

— énd-users needs (cost saving, compliance with aspects of building regulations,

btc.)

negarding electrical energy management as well as other energies, or fluids,., Qther

functionalities involving several non electrical parameters are often needed in parallel;
— gafety and continuity of service;

— ¢@volution of installation standards, for instance over-current detectionlis now a

Monfitoring electrical quantities in internal networks allows to address these challenges.

The
syst
choi

This| document provides a basis by which such devices ¢an be specified and described,
theif performance evaluated.

equirement for the neutral conductor due to harmonic content.

devices on the current market have different characteristics, which need a com

ces of the end-users in terms of performance, safety, interpretation of the indications,

new

mon

bm of references. Therefore there is a need for this decument in order to facilitatg the

etc.
and

In ofder to fulfil the requirements of the energy. efficiency project, many PMD measyring

elec

to a

supgrvision software will then manage;all the collected data in order to monitor them
produce useful reports for energy usage and consumption analysis.

supervision software it will be relevant.to equip the PMD with a communication bus.

frical parameters can also collect data (water, air, gas, temperature...) coming from gther
sengors or meters inside building or plant aréas. In order to be able to transmit all these

data
The
and
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This| part of IEC 61557 specifies requirements for power metering and monitoring dey
D) that measure and monitor the electrical quantities within electrical distribution syst¢ms,
and|optionally other external signals. These requirements also define the |performanc
single- and three-phase AC or DC systems having rated voltages up to 1°000 V AC or U
1500V DC.

(PM

These devices are fixed or portable. They are intended to be used. indoors and/or outdoors.

Power metering and monitoring devices (PMD), as defined 4n this document, give additi
safety information, which aids the verification of the ‘installation and enhances
perfprmance of the distribution systems.

The|power metering and monitoring devices (PMD)«or electrical parameters described in
document are used for general industrial and commercial applications.

This| document does not address functional'safety and cyber security aspects.

This| document is not applicable for:

NOTI ‘L. \.Generally such types of devices are used in the following applications or for the following general ng

-10 - IEC 61557-12:2018 © IEC 2018

ELECTRICAL SAFETY IN LOW VOLTAGE DISTRIBUTION
SYSTEMS UP TO 1 000 V AC AND 1500 V DC. -
EQUIPMENT FOR TESTING, MEASURING OR
MONITORING OF PROTECTIVE MEASURES -

Part 12: Power metering and monitoring devices (PMD)

Scope

electricity metering equipment that complies with [EC 62053-21, IEC 62053
I[EC 62053-23 and IEC 62053-24. Nevertheless, uncertainties defined in this documen
ctive and reactive energy-measurement are derived from those defined in IEC 62053
arts);

the measurement-and monitoring of electrical parameters defined in IEC 61557-
I[EC 61557-9 and }EC 61557-13 or in IEC 62020;

power quality instrument (PQI) according IEC 62586 (all parts);

devices covered by IEC 60051 (all parts) (direct acting analogue electrical meast
instrument).

ices

e in
p to

onal

the

this

-22,
t for
(all

P to

ring

eds:

energy management inside the installation, such as facilitating the implementation of documents such as

ISO 50001 and IEC 60364-8-1;
monitoring and/or measurement of electrical parameters;

measurement and/or monitoring of the quality of energy inside commercial/industrial installations.

NOTE 2 A measuring and monitoring device of electrical parameters usually consists of several functional
modules. All or some of the functional modules are combined in one device. Examples of functional modules are:

measurement and monitoring of several electrical parameters simultaneously;

energy measurement and/or monitoring, as well as sometimes compliance with aspects of building regulations;

alarms functions;

demand side quality (current and voltage harmonics, over/under voltages, voltage dips and swells, etc.).

NOTE 3 PMD are historically called power meter, power monitor, power monitor device, power energy monitoring
device, power analyser, multifunction meter, measuring multifunction equipment, energy meters.
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NOTE 4 Metering, measuring and monitoring applications are explained in Annex A.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60068-2-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC|60068-2-2, Environmental testing — Part 2: Tests — Tests B: Dry heat

IEC|60068-2-30, Environmental testing — Part 2-30 — Tests — Test Db: Damp theat, cyclic
(12 h + 12 h cycle)

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC61000-4-30:2015, Electromagnetic compatibility (EMC) - pPRart 4-30: Testing |and
measurement techniques — Power quality measurement methods

IEC61010-1:2010, Safety requirements for electrical equipment for measurement, cortrol,
and [laboratory use — Part 1. General requirements
IEC|61010-1:2010/AMD1:2016

IEC61010-2-030:2017, Safety requirements for electrical equipment for measurement, coptrol,
and [laboratory use — Part 2-030: Particular requirements for testing and measuring circuitg

IEC61326-1:2012, Electrical equipment for-measurement, control and laboratory use — EMC
reqguirements — Part 1: General requirepents

IEC62053-31:1998, Electricity metering equipment (a.c.) — Particular requirements — Par{ 31:
Pulse output devices for electromechanical and electronic meters (two wires only)

3 [Terms, definitions_and notations
For the purposes of this document, the following terms, definitions and notations apply.

ISOfand IEC~maintain terminological databases for use in standardization at the folloying
addiesses:

° IFC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 General definitions

3.1.1

power metering and monitoring device

PMD

combination in one or more devices of several functional modules dedicated to metering and
monitoring electrical parameters in energy distribution systems or electrical installations, used
for applications such as energy efficiency, power monitoring and network performance

Note 1 to entry: Under the generic term “monitoring” are also included functions of recording, alarm management,
etc.


http://www.iso.org/obp
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2 to entry: These devices may include demand side quality functions for monitoring inside
commercial/industrial installations.

Note 3 to entry: This note applies to the French language only.
3.1.2
power quality assessment function

power quality functions whose measurement methods are defined in IEC 61000-4-30

3.1.3

supply side

part_of the grid where electric energy is generated, transmitted and distributed to end-use
custpmers through the public supply network

Note|l to entry: This definition encompasses micro-grids, decentralised generators or rengwable epergy
gene ators.

3.14

demand side

part|of the grid where electric energy is consumed by end-use customeérs within their electric
distribution system

3.1.5

point of common coupling

PCd

point of a power supply network, electrically nearest to,aparticular load, at which other Ipads
are,|lor may be, connected

Note |l to entry: These loads can be either devices, equipment or systems, or distinct customer's installations.
Note |2 to entry: In some applications, the term “point ecommon coupling” is restricted to public networks.
[SOURCE: IEC 60050-161:1990, 161-07-15]

3.1.6

pOV\:Ier quality

characteristics of the electric. eutrent, voltage and frequencies at a given point in an elefctric
powgr system, evaluated against a set of reference technical parameters

Note|l to entry: These parameters might, in some cases, relate to the compatibility between electricity supplled in
an elpctric power system and’the loads connected to that electric power system

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.1.7

ded|cated external sensor

progrietary external sensor able to operate only with a range of PMD specified by| the
maniHaecturer

3.1.8

current sensor

CS

electrical, magnetic, optical or other device intended to transmit a signal corresponding to the
current flowing through the primary circuit of this device

Note

Note

1 to entry: A current transformer (CT) is in general a magnetic current sensor.

2 to entry: This note applies to the French language only.
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3.1.9

compliance voltage
value of the voltage that can be developed at the current analog output while conforming to
the requirement of the uncertainty specification for that output

Note

1 to entry: This definition applies to current analog output signals.

3.1.10
voltage sensor

VS

electrical, magnetic, optical or other device intended to transmit a signal corresponding to the

volté

Note

Note

3.1.
self
equi

3.1.
aux
exte
sepa

3.1.
tran
PML
tran

Note

3.1.
prin
regi
the {

Note
readi

[SO

3.1.
half
regi

ge across the primary terminals or this device

1 to entry: A voltage transformer (VT) is in general a magnetic voltage sensor.

2 to entry: This note applies to the French language only.

|1
powered PMD
pment where measuring terminals are also used for power supply,

| 2
liary power supply

rnal power supply, either AC or DC, that powers the PMD through dedicated terminals

rated from the measurement inputs of the PMD

| 3
sformer operated PMD

intended to be connected to the circuit(s) being measured via external instrur
sformer(s)

1 to entry: Transformer operated PMD corresponds to PMD Sx or PMD xS in this document.

| 4

ary register

bter of an instrument transformer-operated meter which takes into account the ratios ¢
ransformers (voltage and.cdrrent transformers) to which the meter is connected

1 to entry: The value_of the energy on the primary side of the transformers is obtainable from the
hg of the register.

JRCE IEC 62053-52:2005, 3.4]

| 5
primary register
bter,'of an instrument transformer-operated meter which takes into account either

ratia

nent

f all

irect

the

(s)'of the current transformer(s) or the ratio(s) of the voltage transformer(s). but not b

th

Note

1 to entry: The value of the energy on the primary side of the transformer(s) is obtainable from the reading
of the register multiplied by an appropriate factor.

[SOURCE IEC 62053-52:2005, 3.5]

3.2

Definitions related to uncertainty and performance

3.2.1

reference conditions
appropriate set of specified values and/or ranges of values of influence quantities under which
the smallest permissible uncertainties of a measuring instrument are specified
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Note 1 to entry: The ranges specified for the reference conditions, called reference ranges, are not wider, and are
usually narrower, than the ranges specified for the rated operating conditions.

[SOURCE: IEC 60359:2001, 3.3.10]
3.2.2
measurand

guantity subjected to measurement, evaluated in the state assumed by the measured system
during the measurement itself

[SOURCE: IEC 60359:2001, 3.1.1, modified — the notes have been removed.]

3.2.8
uncertainty
pargmeter, associated with the result of a measurement, that characterizes the,dispersign of
the yalues that could reasonably be attributed to the measurand

Note|l to entry: In this document, measurement uncertainty includes components arising\from systematic effects
and from random effects

3.2.4
intrlnsic uncertainty
uncertainty of a measuring instrument when used under reference conditions

Note|l to entry: In this document, it is a percentage of the measured(value defined in its rated range and with the
influgnce quantities under reference conditions, unless otherwise stated.

[SOURCE: IEC 60359:2001, 3.2.10, modified — a ndte has been added.]

3.25%
inflyence quantity
quaTtity which is not the subject of {the measurement and whose change affects| the
relationship between the indication andthe result of the measurement

Note|l to entry: Influence quantities can originate from the measured system, the measuring equipment dr the
envirpnment [IEV].

Note|2 to entry: As the calibration diagram depends on the influence quantities, in order to assign the resulf of a
meaqurement it is necessary to know whether the relevant influence quantities lie within the specified range [IEV].

[SOURCE: IEC 60359:2001, 3.1.14, modified — note 3 has been removed.]

3.2.6
variption
<ungler single’ influence quantity> difference between the value measured under referg¢nce
conditions)and any value measured within the influence range

Note 1 to entry: The other performance characteristics and the other influence quantities should stay within the
ranges specified for the reference conditions.

3.2.7

rated operating conditions

set of conditions that must be fulfilled during the measurement in order that a calibration
diagram may be valid

Note 1 to entry: Beside the specified measuring range and rated operating ranges for the influence quantities, the
conditions may include specified ranges for other performance characteristics and other indications that cannot be
expressed as ranges of quantities.

[SOURCE: IEC 60359:2001, 3.3.13]
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3.2.8

ope
calc

rating uncertainty
ulated uncertainty taking into account the intrinsic uncertainty and the additi

uncertainties due to the defined influence quantities

onal

Note 1 to entry: The operating uncertainty, like the intrinsic one, is not evaluated by the user of the instrument,
but is stated by its manufacturer or calibrator. The statement may be expressed by means of an algebraic relation
involving the intrinsic uncertainty and the values of one or several influence quantities, but such a relation is just a
convenient means of expressing a set of operating uncertainties under different operating conditions, not a

funct

ional relation to be used for evaluating the propagation of uncertainty inside the instrument.

Note 2 to entry: An operating uncertainty reflects the quality of the design of a device, and is not the same nature

as a performrance crass o tTTTSIC UTTCETtaimty-

Note|3 to entry: Operating uncertainty can be greater than intrinsic uncertainty and greater than perforn
class]

Note|4 to entry: The concept of operating uncertainty is related to the concept of maximum~permissible
developed in other documents, which is calculated from three influencing quantities only.

3.2.9

ovefall uncertainty

uncertainty including the uncertainty of several separated instruments(voltage sensor, cu
sengor and PMD)

3.2.

fungtion performance class
numper accounting for the performance of a single function, depending on function intr

uncertainty, taking into account specified measuremént-range and limits for variations dy
the gpecified influence quantities

Note|l to entry: In this document, C stands for the numerical value of the function performance class (for ins
Cc=02).

3.2.11

rated frequency

fn

valug of the frequency at which the-specification of the PMD is defined

3.2.12

rated current

In

valug of the current;at which the specification of a PMD operated by an external cu

sengor (PMD Sx)uis.defined

3.2.
bas

Iy
valu

|0

| 3
C cusrent

ance

error

rent

nsic
e to

ance

rent

of'the current at which the specification of a direct connected PMD (PMD Dx) is defi

3.2.14

star
I t

ting current

S
lowest value of the current at which the PMD starts and continues to register

[SOURCE: IEC 62052-11:2003, 3.5.1.1, modified — "meter" has been replaced by "PMD".]

3.2.15
maximum current

max

hed

highest value of current at which the PMD meets the uncertainty requirements of this
document
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3.2.16

rated voltage

Un

value of the voltage in accordance with which the relevant performances of the PMD are fixed

Note 1 to entry: Depending on the distribution system and its connection to the PMD, this voltage can be either
the phase to phase voltage or the phase to neutral voltage.

3.2.17
nominal voltage

Unom
t al H + 1 £ (S At ol H + +al £ +
SU| VIT APMPTUATITTIAtT varutc Ul vUTItaytT UuoTU LU UToIyrimaltt UT TUTITILUTY A oy olTIIl

[SOURCE: IEC 60050-601:1985, 601-01-21]

3.2.18
min{mum voltage
Umi
lowgst value of voltage at which the PMD meets the uncertainty \requirements of |this
docyiment

3.2.19

maximum voltage
U.ma . . . .
highest value of voltage at which the PMD meets/the’ uncertainty requirements of |this
docyiment

3.2.20
resifgual voltage

Ures
minimum value of U recorded during a valtage dip or interruption

Note|l to entry: The residual voltage is expressed as a value in volts, or as a percentage or a fraction of the Jrated
voltage.

3.2.21

declared input voltage
Ugin _ _
valug obtained from thetdeclared supply voltage by a transducer ratio

[SOURCE: IEC £1000-4-30:2015, 3.2]

3.2.22

slid|ng reference voltage

USf

voltage—magnitude—averaged—over-one—minute—representing-the—voliage preceding—a—veltage
dip or swell

3.2.23

demand value
average value of a quantity over a specified period of time

3.2.24

peak demand value

highest demand value (positive or negative) since the beginning of the measurement or the
last reset
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3.2.25

ther

mal demand

emulation of a thermal demand meter that provides an exponentially time lagged demand,

given a constant load, the indication reading 90 % of the actual demand in a specified time

Note

1 to entry: The time is specified by the manufacturer, usually 15 min.

3.2.26

thre
ina

3.2.
max
high
rese

3.2.
min

lowgst value measured or calculated since the beginning of the measurement or last reset

3.2.
inte
peri
dem

3.3

3.3.
pha
|

valu

3.3.
neu

In
valu

3.3.
pha
line
]

voltage betwe&n phases

[SO

e-phase average value
three- or four-wire system, the arithmetical average of all phase value

p7

imum value

est value measured or calculated since the beginning of the measurement of~the
t

P8
mum value

P9
Fval
pd of time used by the PMD to integrate RMS or instantangous values in order to calcy
land values
Definitions related to electric phenomena
|
e current
e of the current flowing in each phase of an electrical distribution system
p
ral current

e of neutral current of an‘electrical distribution system

B
e to phase voltage
to line voltage

URCE! IEC 60050-601:1985, 601-01-29]

3.34
phase to neutral voltage

line
\Y

to neutral voltage

voltage between a phase in a polyphase system and the neutral point

[SOURCE: IEC 60050-601:1985, 601-01-30]

3.35

freq
f
valu

uency

e of measured frequency in an electrical distribution system

last

late
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3.3.6

power factor

PF

under periodic conditions, ratio of the value of the active power to the apparent power

Note 1 to entry: This power factor is not the displacement power factor. Both are not equal in presence of
harmonics.

Note 2 to entry: This note applies to the French language only.

[SOURCE: IEC 60050-131:2002 131-11-46, modified — the formula in the definition has not
been_included, note 1 has been changed and a note 2 has been added.]

3.3.Y
amplitude of harmonic current
I

h
valug of the amplitude of the current at harmonic frequencies in the spectrunmobtained frgm a
Fourier transform of a time function

3.3.8
amplitude of harmonic voltage
Up
valug of the amplitude of the voltage at harmonic frequencies.in the spectrum obtained frgm a
Foufier transform of a time function

3.3.9
stat|lonary harmonics
<voltage and current> harmonic content of the.signal with the amplitude variation of ¢ach
harmonic component remaining constant within,£30,1 % of the amplitude of the fundamentgl

3.3.10

quasgi-stationary harmonics
<voltage and current> harmonic content of the signal in which the amplitude variation of ¢ach
harmonic for contiguous 10 (50 Hz systems) or 12 (60 Hz systems) cycles remains wjithin
+ 0,1 % of the amplitude of the fundamental

3.3.11
subtharmonics
<voltage and current>inaterharmonic component of harmonic order lower than one

Note |l to entry: In.tRissdocument, sub-harmonic components are restricted to ranks being reciprocal of integgrs.

[SOURCE: (EC 60050-551:2001, 551-20-10, modified — the term has been changed from
"sub-harmehic component" to "sub-harmonics" and the domain has been indicated.]

3.3.12
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]

3.3.13

voltage dip

temporary reduction of the voltage at a point in the electrical distribution system below a
defined threshold

Note 1 to entry: Interruptions are a special case of a voltage dip. Post-processing may be used to distinguish
between voltage dips and interruptions.
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Note 2 to entry: In some areas of the world a voltage dip is referred to as sag. The two terms are considered
interchangeable; however, this document will only use the term voltage dip.

3.3.14

voltage swell

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

3.3.15

RMS voltage refreshed each half-cycle
Urms(l/z) .
valug—o M F over—t—eycte—commenent a—ftarrer zero
crossing, and refreshed each half-cycle

Note |l to entry: This technique is independent for each channel and will produce RMS values at sdgcessive fimes
on different channels for polyphase systems

Note|2 to entry: This RMS voltage value may be a phase to phase value or a phase to neutral value.

3.3.16
RM$ voltage refreshed each cycle
u

rm$(1)
valug of the RMS voltage measured over 1 cycle and refreshed edch cycle

Note|l to entry: In contrast to U this technique does not define whenva cycle commences.

rms(%2)’

Note|2 to entry: This RMS voltage value can be a phase to phase¢alue or a phase to neutral value.

3.3.17

volthge interruption
redyction of the voltage at a point in the electrical distribution system below a defined
intefruption threshold

3.3.18

amplitude and phase voltage unbatance
condlition in a three-phase system'in which the RMS values of the line voltages (fundamental
component), or the phase angles-between consecutive line voltages, are not all equal

Note|l to entry: The degree of the inequality is usually expressed as the ratios of the negative-sequencg¢ and
zero-sequence components té.the positive-sequence component.

Note|2 to entry: In thiss<decument, voltage unbalance is considered in relation to three-phase systems.

3.3.19

amplitude veltage unbalance
condlition jn.a‘three-phase system in which the RMS values of the line voltages (fundamental
componént) are not all equal.

Note TTO enury. The Telative phase Detween the 1ne voltages 1S not taken o account.

Note 2 to entry: In this document, voltage unbalance is considered in relation to three-phase systems.

3.3.20

transient overvoltage

short-duration overvoltage of few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped.

Note 1 to entry: Transient overvoltages may be immediately followed by temporary overvoltages. In such cases
the two overvoltages are considered as separate events.

Note 2 to entry: IEC 60071-1 defines three types of transient overvoltages, namely slow-front overvoltages, fast-
front overvoltages and very fast-front overvoltages according to their time to peak, tail or total duration, and
possible superimposed oscillations.
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[SOURCE: IEC 60050-604:2016, 604-03-14]

3.3.21
crest factor
peak to RMS ratio

3.4

Definitions related to measurement techniques

3.4.1
measurement window

interval during which a single measurement is performed, expressed in seconds or in number

of fu

Note
or va

3.4.
gap
meal
is, u

Note
procq

Note
of th
durin

ndamental cycles

1 to entry: Depending on the measurement technique the duration of the measurement window may be
iable.

D

ess measurement
surement technique where the measurement is performed continugusly without gap,
5ing contiguous measurement windows

1 to entry: For digital techniques and for a given sampling rate, no sample is missing in the measurg
ssing.

2 to entry: When gapless measurement techniques are used, nofassumption is made regarding the stg
b signal, as opposed to non-gapless measurement techniques, ‘where the signal is considered to be {
p the time where no measurement is done.

fixed

that

ment

bility
table
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3.5 Notations

3.5.1 Functions
Symbol Function
P total active power
= total active energy
QA /Qy total reactive power arithmetic / total reactive power vector
EalE total reactive energy arithmetic / total reactive energy vector
Sa /Sy total apparent power arithmetic / total apparent power vector
EapA EapV total apparent energy arithmetic / total apparent energy vector
f frequency
| phase current (Ip; current on line p)
INTALY 1S measured neutral current / calculated neutral current
U line to line voltage (Upg; line p to line g)
\Y line to neutral voltage (Vp: line p to neutral)
PF, /|PF, arithmetic power factor / vector power factor
NOTE PF,, = cos(¢) when no harmonics are present
P/ Py short term flicker / long term flicker
Udip voltage dips line to line (Upg dip’ line p to line g)
Vdip voltage dips line to neutral (Vp dip: line p to neutral)
Ugui voltage swells line to line (Upg swi- line p to line g)
Vewl voltage swells line to neutral (Vp swi- line p tojneutral)
U, transients overvoltage line to line (Upg - linep to line g)
Vi transients overvoltage line to neutral (V,J « line p to neutral)
Uint voltage Interruption line to line (Upg int line p to line g)
Vint voltage interruption line to neutral (Vp int- line p to neutral)
U amplitude and phase voltage/unbalance line to line (Upg np: line p to line g)
Vib amplitude and phase \0ltage unbalance line to neutral (Vp np-line p to neutral)
|nb current unbalance\phase and amplitude
nba amplitude valtage 'unbalance line to line (Upg nba' liN€ p to line g)
nba amplitude 'voJtage unbalance line to neutral (Vp nba line p to neutral)
lnba current unbalance amplitude
U, valtage harmonics line to line (Upg p: line p to line g)
Vi veltage harmonics line to neutral (Vp p: line p to neutral)
THD | total harmonic distortion voltage line to line related to fundamental
THD-R,, total harmonic distortion voltage line to line related to RMS value
THD, total harmonic distortion voltage line to neutral related to fundamental
THD-R, total harmonic distortion voltage line to neutral related to RMS value
THD-R total harmonic current related to RMS value
3.5.2 Symbols and abbreviations
%U, percentage of U,
%I, percentage of I

%I,

percentage of I
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3.5.3 Indices

a

r

ap

dip
swil
tr
int
nb

nba

min
max
avg
peak

res

4

4.1

The

4.2

diregtly 'accessible, as it is generally the case in low-voltage systems, or accessiblg

me

active
reactive
apparent
rated
basic
nominal

neutral

catcutated
harmonic
current

voltage

dips

swells
transient
interruption
unbalance
amplitude unbalance
arithmetic
vectorial
minimum value
maximum value
average value
peak value

residual

Requirements

General requirements

following requirements shall apply unless otherwise specified hereafter.

PMD general architecture

Orginization of the measurement chain: the electrical quantity to be measured may be e

urement sensors like voltage sensors (VS) or current sensors (CS).

Figure 1 shows the common organization of a PMD.

ther
via

In some cases when a PMD does not include the sensors, their associated uncertainties are
not considered. When a PMD includes the sensors, their associated uncertainties are
considered.
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T Communication protocol
.Eommunication
management '
L] T- -
l - -, -, - - TS T .-
Measurement Acquisition Processing Evaluation ' Display
2 | bl sensors > unit — unit 2 unit — unit
A (see Note 1) A : | |
. L am  am " L
: o |
'management '
- TS TS -
N s : lfe}
Elegtrical input Input signal to Measurement
ignals be measured results IEC

NOTE 1 Itis not necessary that the parts in the dotted lines be included in the PMD.

NOTE 2 1/O are analog and/or digital signals with alarms.

4.3 | Classification of PMD

Figure 1 — PMD generic measurement chain

PMD are classified according to the applications as defined in Table 1.

Table 1 — Functional classification\of PMD with minimal required functions

PMD type®

Functionalities PMD=1

symbol? .
Energyuefficiency

PMD-I11

Basic power

PMD-I11

Advanced power monitor

ng

monitoring /network performance
P ]
Q ] ]
S ] |
E, | | |
Ey | |
Eap ]
f ]
I ]
In |
U and/or V u u
PF u u
THD, and/or THD,
and/or THD-R , and/or |
THD-R,
THD, and/or THD-R; u

a8 Only total quantities are mandatory

and shall be specified by the manufacturer.

b For PMD other than PMD-I, PMD-1l and PMD-III, called PMD-x, other combinations of functions are allowed
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4.4  Structure of PMD
4.4.1 Structure of PMD related to sensors
PMD can have either an internal sensor, or may need an external sensor, as shown in

Figure 2. Depending on these characteristics, PMD can be split in four categories as defined
in Table 2.

Table 2 — Structure of PMD

Current measurement
Sensor operated PMD Direct connected PMD.
(current sensors out of PMD) (current sensors in PMD)
=2 PMD Sx = PMD Dx
Direct connected PMD PMD SD PMB.DDB
E (voltage sensors in PMD) - . . . ) .
o P (Semi-direct insertion) (Direet Insertion)
= = PMD xD
LR
E E Sensor operated PMD PMD SS PMD DS
b | (voltage sensors out of PMD) . . . - . .
E (Indirect insertion) (Semi-direct insertion)
= PMD xS

————P——¢ - d
PMD SD PMD DD
Acquisit_ion an_d Acquisition and
processing units - ' Current processing units |
sensaor.
4‘—

/ \d—U— —N——e /—\
—U— —
Voltage
PMD SS sensor PMD DS Voltage
sensor
o — —®
Acqwsmon an_d Acquisition and € —
brocessing units processing units
—— |
Current )
sensor
N =

IEC

NOTE A PMD specified as a PMD Dx (respectively PMD xD) can sometimes, under certain conditions, be used as
a PMD Sx (respectively PMD xS) when used with external sensors provided that it complies with both requirements
of PMD Sx and Dx (respectively PMD xS and xD).

Figure 2 — Description of different types of PMD

4.4.2 Requirements for self-powered PMD

Three-phase self-powered PMD shall measure within the specified accuracy limits even in the
event one of the three phases or two of the three phases are disconnected.
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4.5 List of applicable performance classes
Table 3 specifies the list of allowed performance classes.
Table 3 — List of applicable performance classes

Active energy 0,2 0,5 1 2

Active power 0,1 0,2 0,5 1 2 2,5

Reactive energy 2 3

Reactive power 1 2 3

Appfrent energy 0,2 0,5 1 2

Appgarent power 0,2 0,5 1 2

Frequency 0,02 0,05 0,1 0,2 0,5

Phage current 0,05 0,1 0,2 0,5 1 2

Meakured neutral current 0,2 0,5 1 2

Calqulated neutral current 0,1 0,2 0,5 1 2

Voltage 0,05 0,1 0,2 0,5 1 2

Powgr factor 0,5 1 2 5
Flicker 5

Dipq and swells 0.5 1 5

measurement

Voltage interruption 045 1 2

Voltage unbalance 0,2 0,5 1

Voltage harmonics 1 2 3 5
Volthge THD 1 2 3 5
Currlent unbalance 0,2 0,5 1

Currlent harmonics 1 2 3 5
Currlent THD 1 2 3 5
The|requirements for the performance for a PMD associated with a dedicated external sepsor
are the same as for asdirect connected PMD. Each combination of a PMD associated with a
dedicated external sensor shall be considered as a PMD DD that needs to comply with the
perfprmance requirements of this document.

EXAMPLE If a'mranufacturer provides three different types of dedicated sensors (for example, a 100 A deditated
CT, 500 A ‘dedicated CT and a 1 000 A dedicated CT), then the manufacturer would provide three sepjarate
perfoymance ‘type test reports (one for the tests related to the PMD associated with the 100 A dedicated segnsor,
one fpr the-tests related to the PMD associated with the 500 A dedicated sensor and one for the tests related fo the
PMD| assdciated with the 1 000 A dedicated sensor). The manufacturer shall provide proper justification|(e.g.
simulation results, existing (ests resuls, design notes, schematics...) 10T extrapolating performance Ir_some
physical tests are not performed.

NOTE Guidance related to the association of a PMD with a sensor is provided in Annex E and Annex F.

4.6

Operating and reference conditions for PMD

4.6.1 Reference conditions

Tabl

e 4 gives the reference conditions for testing:
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Table 4 — Reference conditions for testing

Conditions

Reference conditions

Operating temperature

23 °C + 2 °C or otherwise specified by manufacturer

Relative humidity

40 % to 60 % RH

Auxiliary supply voltage

Rated power supply voltage + 1 %

Phases Three phases available 2
Voltages unbalance <0,1%?@
External continuous magnetic field <40 A/m DC

<3 A/m AC at 50/60 Hz

DC ¢omponent on voltage and current None
Waveform Sinusoidal
Frequency Rated frequency (50 Hz or 60 Hz) +¢0,2.%

a8 Required only in the case of three-phase systems.
b
f

MD should use the standard rated frequencies of 50 Hz or 60 Hz, where pogsSible, although other rated
frequencies, or rated frequency ranges, including DC, may be specified.

4.6.2 Rated operating conditions

46.2.1 General

Tables 5 to 7 give the conditions in which functiofis)shall be performed according to

spegifications.

4.6.2.2

Table 5 gives the rated operating temperature for portable PMD:

Rated temperature operating cogditions for portable equipment

Table 5 — Rated operating temperatures for portable equipment

heir

K40 temperature class of
PMD

Rated operating range
(with specifigdiuncertainty)

0 °C to +40 °C

Limit range-of operation
(no hardware failures)

-10 °C to +55 °C

Lifnit.range for storage and shipping

—-25°Cto +70 °C

4.6.2.3

Rated temperature operating conditions for fixed installed equipment

Table 6 gives the rated operating temperature for fixed installed PMD:
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Table 6 — Rated operating temperatures for fixed installed equipment

K55 temperature K70 temperature KxPb temperature
class of PMD class of PMD class of PMD
Rated operating range® -5 °C to +55 °C -25°Cto +70 °C Above +70 °C and/or
(with specified uncertainty) under -25 °C 2
Limit range of operation -5°Cto +55 °C —-25°Cto +70 °C Above +70 °C and/or
(no hardware failures) under -25 °C 2
Limit range for storage and shipping —-25°C to +70 °C —40 °C to +85 °C According to
manufacturer's
specification 2

a8 [limits are to be defined by the manufacturer according to the application.
b Kx stands for extended conditions.

¢ The operating temperature is the highest temperature of the air in close proximity to the PMD.

4.6.2.4 Rated humidity and altitude operating conditions

Table 7 gives the rated operating humidity and altitude conditions’.for portable and fixed
installed PMD:

Table 7 — Humidity and altitude operating,conditions

Standard conditions Extended conditions
Ratdd operating range 0 %.1Q 75 % RH ° 0 % to above 75 % RH P
(with specified uncertainty)
Limif range of operation for30 days/year 0,% to 90 % RH P 0 % to above 90 % RH §P
Limif range for storage and shipping 0% to 90 % RH P 0 % to above 90 % RH 4P
Altitdde 0 mto2000m 0 m to above 2 000 m

a8 Uimits are to be defined by manufacturer aceording to the application.

b Relative humidity values are specified wjthout condensation.

The|limits of relative humidity’as a function of ambient temperature are shown in Figure 3.
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Figure 3 — Relationship between ambient air temperature and relative humidity

4.7 | Start-up conditions

Measurement readings shall be available via a cemmunication or local user interface 15 s
aftef applying power supply. If the start-up is longer than 15 s, manufacturers shall specify the
maxjmum time until measurement quantities shall be available via a communication or local
usel interface after power supply is applied.

Whgn no communication or local user_interface is available, this requirement shall be verjfied
accqrding to the test procedure givensin 6.2.17.

4.8 | Requirements for PMDdUlnctions
4.8.1 General requirements
48.1.1 Coveragerequirements

Subtlause 4.8 déscribes a list of functions. Depending on the purpose of the measurement,
all or a subset‘of\the functions listed shall be measured.

All functions implemented in the product and covered by this document shall comply with the
reqyirements of this document.

4.8.1.2 Requirements for the measurement window

Unless specified otherwise, the measurement window of a measured quantity shall not be
longer than 3 s or 150/180 cycles at rated frequency.

For THD and harmonics, this requirement may not be met. In such case the measurement
window for THD and harmonics shall be declared by the manufacturer.

This requirement does not apply to energies and demands, which are obtained by integrating
or averaging basic quantities measured on the measurement window.
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4.8.1.3 Requirements for the line to neutral voltage quantities

Unless specified otherwise, if line to neutral voltage functions are implemented they shall
comply with the same requirements as the line to line voltage functions.

4.8.1.4 Requirement on variation limits under influence quantities

For practical reasons, if a calculated variation limit requirement is less than 0,02 %, the
requirement shall be set at 0,02 %.

4.8.

1.5 Maximum current

Whe
mat
tran

4.8.
4.8.

See
Gap

4.8.

The
80 9

4.8.

The

n the PMD is operated from (a) current transformer(s), attention is drawn to the nes
h the current range of the PMD in relation to that of the secondary of the-cu
sformer(s). The maximum current of the PMD shall be 120 % I, at least.

p Active power (P) and active energy (E,) measurements
.1 Techniques

Annex B.
ess measurement is required.

.2 Rated range of operation

intrinsic uncertainty requirements shall apply within the following range:

b U, < U <120 % U

n

.3 Intrinsic uncertainty table

intrinsic uncertainty under reference conditions shall not exceed limits given in Table

d to
rent
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and active energy measurement

Table 8 — Intrinsic uncertainty table for active power

Value of current for
direct connected
PMD Dx

Specified measuring range

Value of current for
sensor operated
PMD Sx

Power factor ©

Intrinsic uncertainty limits for PMD
of function performance class C 2°

Unit

forC<1 forcz1
2% 1,s1<10% I, 1%I1,=1<5%1, 1 +2,0xC No requirement %
5%I1,<1<10% 1, 2% 1, =1<5%1, 1 No requirement + (1,0 x C +0,5) %
10 %I, ST<T__ 5% <1<I__ 1 +1,0xC +1,0xC %
5% 1, <1<20% I, 2%1,<1<10% 1, 0,5 inductive + (1,7 x C + 0,15) No requirement %
0,8 capacitive | + (1,7 x C + 0,15) | No requirement
1061, s1<20% I, 5%1,s1<10% 1, 0,5 inductive No requirement + (1,0.4.C + 0,5) %
0,8 capacitive No requirement + (00X C+0,5)
D% 1 <=1 10% 1, <11 .. 0,5 inductive +(1,0xC+0,1) +1,0xC %
0,8 capacitive £(1,0x C+0,0) +1,0xC

2  Applicable performance classes are listed in Table 3.

¢ I reference conditions, signals are sinusoidal, so in this case the power factor = cos ¢.

b For active energy measurement classes 1 and 2 of this document, the'uricertainty limits of classes 1 aphd 2
efined in Table 6 of IEC 62053-21:2003 can be used as well as thesuneertainty limits given in this table| For
active energy measurement classes 0,2 and 0,5 of this document,*the uncertainty limits of classes 0,2S|and
,5S defined in Table 4 of IEC 62053-22:2003 can be used as wellas the uncertainty limits given in this tgble.

4.8.2.4

Limits of variations due to influence quantities

The|additional variations due to influence quantities with respect to reference conditiong as
givep in 4.6.1, shall not exceed thezlimits for the relevant performance class givep in

Table 9:
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4.8.2.5 Starting and no-load condition
4.8.25.1 Start-up of the PMD

See 4.7.

4.8.2.5.2 No-load condition (only for energy measurement)

When the voltage is applied with no current flowing in the current circuit, the test output of the
PMD shall not produce more than one pulse.

For [this test, the current circuit shall be open-circuit and a voltage of 115 % of the\rpted
voltage shall be applied to the voltage circuit.

In the case of an outside shunt, only the input circuit of the PMD shall be opened.
The|minimum test period At shall be as described in Table 10:

Table 10 — Minimum test period

Minimum test period At (min) for no-load condition
PMD types
forC<1 forCc 21
PMD
_ ((200/C) + 400) x 10° e ((240/C) + 360) x 10°
KxmxU, x o kxmxUp, x| ay
whefe
C is the function performance class;
k is the number of pulses emitted by the output device of the PMD per kilowatt-hour
(impulse/kWh);
m is the number of measuring elements;

NOTE A measuring element is aspatt of the meter which produces an output proportional to the energy.
U, is the rated voltage in volts;
is the maximum current in amperes.

For [transformer-eperated PMD with primary or half-primary registers, the constant k ghall
corrgspond tosthe 'secondary values (voltage and current).

4.8.2.53 Starting current

The|PMD shall start and continue to register at the starting current values (and in the cage of
three-phase meters, with balanced load) shown in Table 11.

When starting conditions are met (according to Table 11), intrinsic uncertainty shall be
between —40 % and +90 % of measured values.

If the PMD is designed for the measurement of energy in both directions, then this test shall
be applied with energy flowing in each direction.
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Table 11 — Starting current for active power and active energy measurement

Power factor @

Starting current for PMD of function performance class C

PMD types
forC<1 forcz1
PMD Dx 1 § §
2x10 72 x 1, (C+3)x10 3 x1,,
PMD Sx 1 y §
1x10 2 1, C+1)x10°x1,

a8 In reference conditions, signals are sinusoidal, so in this case the power factor = cos ¢.

4.8.8
4.8.8.1

See|Annex B.

Techniques

Gapless measurement is required.

4.8.8.2

Rated range of operation

Reactive power (Q,, Qy) and reactive energy (E; 5, E,y) measurements

Thelintrinsic uncertainty requirements shall apply within the fellowing rated range:

80 % U, < U <120 % U,

4.8.8.3

The
12:

Intrinsic uncertainty table

reactive energy measurement

intrinsic uncertainty under reference conditions shall not exceed the limits given in T

Table 12 — Intrinsic un¢ertainty table for reactive power and

able

Specified measuring range Intrinsic uncertainty limits for
value of current for valué.of current for | Sin @ (inductive PMD of fu(r;]lcatsigncpaebrformance Uhit
dfrect connected sénsor operated or capacitive)

PMD Dx PMD Sx forC<3 forCz23
50|bSI<:I.O%|b 2% 1 s1<5%I, 1 +1,25xC +1,33xC o
13%|bS|S|maX 5%|nS|S|max 1 +1,0xC +1,0xC Do
10[% 1,1 520% 1, | 5%, <1<10%, 0,5 +1,25xC £1,33xC 6
0% 5P 10%1 <I<1__ 0,5 £1,0xC £1,0xC Do
DG I<1 0%, s1<1__ 0,25 +1,25xC £1,33xC 6

a

b

pplicable performance classes are listed In Table 3.

For reactive energy measurement classes 2 and 3 of this document, the uncertainty limits of classes 2 and 3
defined in Table 6 of IEC 62053-23:2003 can be used as well as the uncertainty limits given in this table.

4.8.3.4

Limits of variation due to influence quantities

The additional variations due to change of influence quantities with respect to reference
conditions as given in 4.6.1, shall not exceed the limits for the relevant performance class

given in Table 13:
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4.8.3.5 Starting and no-load condition
4.8.3.5.1 Start-up of the PMD

See 4.7.

4.8.3.5.2 No-load condition

When the voltage is applied with no current flowing in the current circuit, the test output of the
PMD shall not produce more than one pulse.

For [this test, the current circuit shall be open-circuit and a voltage of 115 % of the\rpted
voltage shall be applied to the voltage circuit.

In cqse of an outside shunt, only the input circuit shall be open circuited.
The|minimum test period At shall be as described in Table 14:

Table 14 — Minimum test period

Minimum test period At (min) for no-load condition
PMD types
forC<3 forcz23
PMD
e ((240/C) + 360) x 10° L (@oso/c)— 60) x 10°
kKxmxU, x|pay kKxmxUpy <1
whefe
C is the function performance class;
k is the number of pulses emitted>by the output device of the PMD per kilovar-hour
(impulse/kvarh);
m is the number of measuring elements;

n | is the rated voltage in volts;

is the maximum current in amperes.

For [transformer-operated PMD with primary or half-primary registers, the constant k ghall
corrgspond to the secondary values (voltage and current).

4.8.8.5.3 Starting current

The|PMP ;shall start and continue to register at the starting current values (and in cage of
three-phase meters, with balanced load) shown in Table 15.

When starting conditions are met (according to Table 15) intrinsic uncertainty shall be
between —40 % and +90 % of measured values.

If the PMD is designed for the measurement of energy in both directions, then this test shall
be applied with energy flowing in each direction.
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Table 15 — Starting current for reactive energy measurement

sin ¢ (inductive or Starting current for PMD of function performance class C
PMD types capacitive)
forC<3 forcz3
PMD Dx 1 (C+3)x 1073 x I (5xC-5)x1073x1,
PMD Sx 1 (C+1)x1073x1, (2xC-1)x1073x 1

4.8.4 Apparent power (S,, Sy) and apparent energy (E

apA’

Eapv) measurements

4.8.4.1 Techniques

See|Annex B.

GapJess measurement is required.

4.8.4.2 Rated range of operation

Thelintrinsic uncertainty requirements shall apply within the followingrange:

80 % U, < U <120 % U,

4.8.4.3 Intrinsic uncertainty table

The| intrinsic uncertainty under reference conditions shall not exceed the limits dfiven

in Table 16:

Table 16 — Intrinsic uncertainty table for apparent power
and apparentenergy measurement

Specified measuring range Intrinsic uncertainty limits for PMD
of function performance
alue of current for Value ©f current for class C @ unlit
direct connected sensor operated
PMD Dx PMD Sx forC<1 forCc 21
5%I1,<1<10% I, 2%1,<1s5% 1, +2,0xC +(1,0xC+0,5) %
0% I, <=1, 5%I1 <IsI .. +1,0xC +1,0xC %

2 Applicable performance/classes are listed in Table 3.

4.8.4.4 Limits of variation due to influence quantities

The|additional variations due to the change of influence quantities with respect to refer¢nce
condlitions as given in 4.6.1, shall not exceed the limits for the relevant performance dlass

given in Table 17:
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4.8.5 Frequency (f) measurements

4.8.5.1 Techniques

Gapless measurement is not required.

The measurement window for the frequency measurement may be longer than 3 s but cannot
exceed 20 s at rated frequency.

4.8.5.2 Rated range of operation

The

intrinsic uncertainty requirements shall apply within the following rated range:

oltage: 50 % U, to Upax.

If the frequency measure is using the current the following range shall apply:
— CQurrent: for PMD Dx: 20 % I, to I, for PMD Sx: 10 % I, to 1,4
NOTE Frequency is usually measured from the voltage function of the PMD; the cutrent rated range of opefation
is copsidered only if this function does not exist in the PMD.
4.8.5.3 Intrinsic uncertainty table
The]| intrinsic uncertainty under reference conditions shall\not exceed the limits givep in
Table 18:
Table 18 — Intrinsic uncertainty table fotr frequency measurement
Specified measuring range Intrinsic uncertainty limits Uni
P 9 9 faryPMD of function performance class C @
45 Hz to 55 Hz or 55 Hz to 65 Hz +1,0xC %
a8  Applicable performance classes are listed-ir_Table 3.
4.8.5.4 Limits of variation(due to influence quantities
The|additional variations due to the change of influence quantities with respect to refer¢gnce
condlitions as given ins4:6.1, shall not exceed the limits for the relevant performance dlass

give

h in Table 19:
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Table 19 — Influence quantities for frequency measurement

Influence quantities

Temperature coefficient for

operating range of Table 5

Influence range or PMD of function performance Unit
Influence type influence level class C?#
Ambient temperature According to rated 0,1xC % /I K

5t harmonic 12 %
7" harmonic 10 %
9" harmonic 3 %
11" harmonic 7 %
13" harmonic 6 %

15" harmonic 1 %

and Table 6
Limits of variation for PMD of
function performance class C?2
Voltag 56-%-—to-b—r B 2——C Do
Harmonics in the voltage circuits P 3" harmonic 10 % 0,2xC Do

b

a Applicable performance classes are listed in Table 3.

The resulting waveform and equation are shown in 6.2.9.

A\l harmonics components should have zero phase referred to the fundamental.

4.8.¢6 RMS phase current (1) and neutral current (I, lyc.) measurements

4.8.6.1 Techniques

See|Annex B.

GaplJess measurement is not required:

Thelintrinsic uncertainty requirements shall apply within the rated ranges given in Tabl¢ 20

4.8.6.2 Rated range of op€ration
4.8.6.2.1 General

and([Table 21:

4.8.6.2.2

Rated range of operation for phase current

Table 20 — Rated range of operation for phase current measurement

PMD types

Specified measuring range

Aeimsars i gl
WITTTTTTITuTT Oarmruavwirutrl

(harmonic)

Crest factor

PMD Sx

10% 1,10 120 % I

45 Hz to 15 times rated 2
frequency or

DC and 45 Hz to 15 times
rated frequency

PMD Dx

20% I, to I,

DC and 45 Hz to 15 times
rated frequency

45 Hz to 15 times rated 2
frequency or
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calculated neutral current (from phase currents)
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Rated range of operation for measured neutral current (with a sensor) and

Table 21 — Rated range of operation for neutral current (calculated or measured)

PMD types

Specified measuring range @

Minimum bandwidth
(harmonic)

Crest factor

PMD Sx

10% 1,10 120 % I,

45 Hz to 15 times rated
frequency or

DC and 45 Hz to 15 times rated
frequency

PMD Dx

20% I, to I,

45 Hz to 15 times rated
frequency or

DC and 45 Hz to 15 times rated
frequency

2 The nominal current of the neutral current sensor can be different from the one for the phase.current sensfor.

uncertainty table

4.8.6.3 Intrinsic
4.8.6.3.1 General
The

in Table 22, Table 23 and Table 24.

4.8.6.3.2

Intrinsic uncertainty table for phase_€urrent

Table 22 — Intrinsic uncertainty-table for phase current

intrinsic uncertainty under reference conditions shall,hot exceed the limits given

Specified measuring range

Intrinsic uncertainty limits

ax

max

vallie of current for direct | value of current for sensor | for PMD of function g)erformance Unjt
connected PMD Dx operated PMD Sx class C
20% 1, S1<1 10% 1 1< £1,0xC 9

a2  Applicable performance classes ate listed in Table 3.

4.8.6.3.3

Intrinsic_uncertainty table for measured neutral current (with a sensor)

Table 23/= Intrinsic uncertainty table for neutral current measurement

Specified measuring range Intrinsic uncertainty limits
valfie of cutfent for direct | value of current for sensor | for PMD of function performance Unjt
connected PMD Dx operated PMD Sx class C
2097, <1 <1 10 %I <1 <1 £1,0xC 9

a8 Applicable performance classes are listed in Table 3.
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4.8.6.3.4 Intrinsic uncertainty table for calculated neutral current (from phase
currents)

Table 24 — Intrinsic uncertainty table for neutral current calculation

Specified measuring range Intrinsic uncertainty limits

value of current for direct | value of current for sensor for PMD of functior; bpcerformance Unit
connected PMD Dx operated PMD Sx class C

20 %1, <1 °5 | 0%, s1 ¢ <1 +1,0xC %1°

max

a8 Applicable performance classes are listed in Table 3.

b ncertainty shall be expressed as a percentage of the phase current, whose current is the largest.

¢ B

erformance class C refers to the phase current performance class.

4.8.6.4 Limits of variation due to influence quantities

The|additional variations due to the change of influence quantities with respect to refer¢gnce
conditions as given in 4.6.1, shall not exceed the limits for the releyvant performance dlass
givenh in Table 25:
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4.8.7
4.8.7.1

See An

RMS voltage (U) measurements

Technique

nex B.

Gapless measurement is not required.

4.8.7.2

Rated range of operation

®
P
kS
ir
P
T
p
Mo
&

The mtrincsic uncartal
ST ce ettt

Table 26 — Rated range of operation for RMS voltage measurement

PMD types Specified measuring Minimum ban_dW|dth crest factor @
range (harmonic)
PMD xS 20 % U, t0 120 % U, 2 45 Hz to 15 times rated 1,5
frequency or
DC and 45 Hz to 15 times
rated frequency
PMD xD As specified by 45 Hz to 15 times-rated 1,5
manufacturer frequency or
DC and 45 Hz to 15 times
rated frequency

a2  The PMD using frequency detection circuits not operating in‘all\the rated range can measure voltage with the
Ipst consistent measured value of frequency between 20 % ofJ,_ and 50 % of U, .

4.8.7.3

Intrinsic uncertainty table

The| intrinsic uncertainty under referente conditions shall not exceed the limits gjiven
in Table 27:

Table 27 — Intrinsicauncertainty table for RMS voltage measurement

Specified measuring range

Valpe of voltage for direct
connected PMD xD

Value of voltage for sensor
operated PMD xS

Intrinsic uncertainty limits
for PMD of function performance
classC?

Unjt

b
Umin sUs Umax

b
Umin sUs Umax

+1,0xC

b The manufacturer can define U hax and U

a2  Applicable performance classes are listed in Table 3.

min’

taking into account the minimum measuring range of Table 26.

4.8. %

- S £ HP~ ol + afl fad
LTt S UT vAarratriuTr uutT o o cimTitTyuaTtitTeS

The additional variations due to the change of influence quantities with respect to reference
conditions as given in 4.6.1, shall not exceed the limits for the relevant performance class

given in Table 28:
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8 Power factor (PF,, PFy) measurements

8.1 Techniques

See Annex B for methods and Annex C for conventions related to the sign of Power factor.

4.8.
The

— gurrent:  for PMD Dx: 20 % I, to |,

8.2 Rated range of operation

intrinsic uncertainty requirements shall apply within the following rated ranges:

[ o0 11 4 11
ultayt. JU U Un [49) Umax, Ul

for PMD Sx: 10 % I, to |

max
4.8.8.3 Intrinsic uncertainty table
The| intrinsic uncertainty under reference conditions shall not exceédthe limits given
in Table 29:
Table 29 — Intrinsic uncertainty table for power factor'measurement
Specified measuring range Intrinsic un€értainty limits for PMD Uni
P 9 9 of function“performance class C 2
From 0,5 inductive to 0,8 capacitive +0,01 xC No un]t®?

Applicable performance classes are listed in Table 3.

No unit because power factor is a ratio.

4.8.

The|additional variations from intrinsic~Uncertainties shall be calculated according to Tal

and
into

4.8.

4.8.

See|lEC 61000-4+15"

4.8.

Thelintrinsic uncertainty requirements shall apply within the following rated range:

B.4 Limits of variation due to influence quantities

Table 17 for power factor 1 andy0,5 inductive, within the rated ranges of operation, tg
account the worst case combination of uncertainties.

D Short term flickery(Pg,) and long term flicker (P,;) measurements

.1 Techniques

.2 Rated range of operation

voltage: 80 % U, 10 U,y

4.8.9.3 Intrinsic uncertainty table

le 9
king

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 30:
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Table 30 — Intrinsic uncertainty table for flicker measurement

Specified measuring range Intrinsic uncertainty limits Unit
for PMD of function performance
class C?2
From 0,4 to 2 +1,0xC %

a8 Applicable performance classes are listed in Table 3.

4.8.10 Voltage dip (Udip) and voltage swell (U,,,) measurements

NOTE Requirements for voltage dip and voltage swell are equivalent to Class S in IEC 61000-4-30.
4.8.10.1 Measurement method

Gapless measurement is required.

The[basic measurement U5 of a voltage dip and swell shall be either the U, 5,y on gach
measurement channel (see 3.3.15), or the U5y on each measlrement channel (see
3.3.16). The manufacturer shall specify which measurement is used:

NOTE The U
etc.

or U value includes, by definition, harmonics, intetharmonics, mains signalling voltage,

rms(1) rms(%2)

4.8.10.2 Detection and evaluation of a voltage dip
4.8.10.2.1 Voltage dip detection

The| dip threshold is a percentage of either<Uy,, or the sliding voltage reference| Ug,
(seg 4.8.10.4).

NOTE The sliding voltage reference U, is generally not used in LV systems. See IEC TR 61000-2-8 for fyrther
information and advice.

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

On polyphase systems{ a'dip begins when the U, voltage of one or more channels is
helow the dip threshold and ends when the U, voltage on all measured channe|s is
equal to or above the dip threshold plus some hysteresis voltage.

The|dip threshold“and the hysteresis voltage are both set by the user according to| the
application.

4.8.10.2.2<—"Voltage dip evaluation

A vqltage dip is characterized by a pair of data, either residual voltage (U
duratiomn:

or depth,|and

res)

— 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 the
residual voltage. It is generally expressed in percentage of the reference voltage.

NOTE 1 During the dip it can 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 can also be useful.

NOTE 2 If voltage waveforms are recorded before, during, and after a dip, useful information about phase angle
changes can be available in the recorded data.

The start time of a dip shall be time stamped with the time of the start of the U, s of the
channel that initiated the event and the end time of the dip shall be the time stamped with the
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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 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.

NOTE 4 Voltage dip envelopes are not necessarily rectangular. As a consequence, for a given voltage dip, the
measured duration is dependent on the selected dip threshold value. The shape of the envelope can be assessed
usinog-several rlip thresholds set within the range of \/nltngn riip and \/nltagn infnrrlllnfinn threshaolds

NOTE 5 Typically, the hysteresis is equal to 2 % of U, .

NOTIE 6 Dip thresholds are typically in the range of 85 % to 90 % of the fixed voltage)teferencp for
troubjeshooting or statistical applications.

NOTE 7 Residual voltage is often useful to end-users, and can be preferred because it is referehced to zero polts.
In cdntrast, depth is often useful to electric suppliers, especially on HV systems or jn cases when a s|iding
referg¢nce voltage is used.

NOTE 8 Phase shift can occur during voltage dips.

NOTE 9 When a threshold is crossed, a time stamp can be recorded.
4.8.10.3 Detection and evaluation of a voltage swell
4.8.10.3.1 Voltage swell detection

The|[ swell threshold is a percentage of either Uy, or the sliding reference voltage| U
(seg 4.8.10.4). The user shall declare the referenge voltage in use.

Sr

NOTE Sliding reference voltage U, is generally not-used in LV systems. See IEC TR 61000-2-8 for fyrther
informpation and advice.

On single-phase systems, a swellchegins when the U, voltage rises above the qwell
threshold, and ends when the U ;5 voltage is equal to or below the swell threshold mjiinus
the hysteresis voltage.
q
8
6

Dn polyphase systems, a.swell begins when the U, voltage of one or more channells is
lbove the swell threshold~and ends when the U, s voltage on all measured channels is
qual to or below the swell threshold minus the hysteresis voltage.

The|swell threshold(ahd the hysteresis voltage are both set by the user according to| the
application.

4.8.10.3.2 Voltage swell evaluation

durdtion:

A q;ltage swell is characterized by a pair of data: maximum swell voltage magnitude |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 start 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;

— 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.

NOTE 2 It is possible that the voltage swell envelope is not rectangular. As a consequence, for a given swell, the
measured duration is dependent on the swell threshold value.
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din”

NOTE 4 Typically, the swell threshold is greater than 110 % of Uy .

NOTE 5 Phase shift can also occur during voltage swells.

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

4.8.10.4 Calculation of a sliding reference voltage

The sliding reference voltage implementation is optional. If a sliding reference is chosen for
voltage dip or swell detection, this shall be calculated using a first-order filter with a 1-min

time

constant

Whd

declpred input voltage.

The

4.8.
4.8.

The

NOT
4.8.

If U

m
comllnencement uncertainty (half a cycle) plus the dip or swell conclusion uncertainty (h

cycl
swe
cycl

4.8.
The

n the measurement is started, the initial value of the sliding reference voltage is’set td

sliding reference voltage is not updated during a voltage dip or swell or_interruption.

0.5 Measurement uncertainty and measuring range
|0.5.1 Residual voltage and swell voltage magnitude measurement uncertainty
measurement uncertainty shall not exceed + 1,0 % of U g,
E|f Urms(l) is used, this uncertainty is only valid for rectangular dips or swell lasting at least 4 cycles.

1 0.5.2 Duration measurement uncertainty

(%) is used, then the uncertainty of a dip or swell duration is equal to the dip or g

p). If Urms(1) is used, then the uncertainty-of a dip or swell duration is equal to the d
| commencement uncertainty (one cygle) plus the dip or swell conclusion uncertainty

B).

0.6 Rated range of operation

Tahle 31 — Rated range of operation for voltage dips
and swells measurement

intrinsic uncertainty reguitements shall apply within the rated ranges given in Table 31:

the

well
alf a
p or
one

|

Minimum threshold range settable Minimum threshold range settahyle
PMD types .
for voltage dip for voltage swell
PMBXS from 5 % U to 100 % U from 100 % U to 120 % U
RMD xD as specified by manufacturer as specified by manufacturer

Minimum detectable duration shall be equal at least to one period of the measured voltage.

4.8.10.7 Intrinsic uncertainty table

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 32:
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Table 32 — Intrinsic uncertainty table for voltage dips
and swells measurement

Intrinsic uncertainty limits for PMD

Specified measuring range of function performance Unit

class C23Pb
Dips, residual voltage and swells overvoltage +1,0xC % U,
Dips duration and swells duration One period at the network frequency ms ©

b

a8 Applicable performance classes are listed in Table 3.

The uncertainty of a dip or swell duration is equal to the dip or swell commencement uncertainty (half a cycle)

IUs the dip or swell conclusion uncertainty (nalr a cycle).

This is a fixed uncertainty.

4.8.

The
con(
give

h in Table 33:

0.8 Limits of variation due to influence quantities

additional variations due to the change of influence quantities with respect to referg¢nce
itions as given in 4.6.1, shall not exceed the limits for the relevant performance dlass
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4.8.11 Voltage interruption (U,,;) measurements

NOTE Requirements for voltage interruption are equivalent to Class S in IEC 61000-4-30.

4.8.11.1 Measurement method

Gap
The

4.8.

less measurement is required.
basic measurement of the voltage shall be as defined in 4.8.10.1.

1.2 FEvaluation of a voltage interruption

The

On §
voltd
voltd

On
fall

voltage interruption threshold is a percentage of Ug;,.

ingle-phase systems, a voltage interruption begins when the U, voltage falls below
\ge interruption threshold and ends when the U, ¢ value is equal to, or greater than
Lge interruption threshold plus the hysteresis.

pelow the voltage interruption threshold, and ends when the U;,s voltage on any

chamnel is equal to, or greater than, the voltage interruption threstiold plus the hysteresis.

The
accq

voltage interruption threshold and the hysteresis yoltage are both set by the
rding to the application. The voltage interruption threshold shall not be set below

uncertainty of the residual voltage measurement plusithe value of the hysteresis. Typio

the

The
the

defi

The
end

NOT

NOTE

is leq
nomi

NOT
supp

hysteresis is equal to 2 % of U;,,.

J of the channel that initiated the event and the end time of the voltage interruy

rms

shal"\ be the time stamped with the time*of the end of the U,,s that ended the event

ed by the threshold plus the hysteresis.

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

F 1 The voltage interruptionithreshold can, for example, be set to 5 % or to 10 % of Uy, .

2 |IEC 60050-161:1990,"161-08-20, considers an interruption to have occurred when the voltage magn
s than 1 % of the_fnominal voltage. However, it is difficult to correctly measure voltages below 1 % d
hal voltage. Thereforg, the user could consider setting an appropriate voltage interruption threshold.

F 3 The intérruption of one or more phases on a polyphase system can be seen as an interruption g
y to singlesphase customers connected to that system, even though this would not be classified 4

interfuption ima-polyphase measurement.

4.8.

| 13~ Measurement uncertainty and measuring range

the
the

bolyphase systems, a voltage interruption begins when the U, <oltages of all channels

one

user
the
ally,

start time of a voltage interruption shall bé the time stamped with the time of the start of

tion
, as

the

itude
f the

f the
s an

For duration measurement uncertainty, see 4.8.10.5.2.

4.8.11.4 Rated range of operation

The manufacturer shall choose at least one value for the threshold of voltage interruption
detection included in the range of 1 % to 5 % of U,,.

Minimum detectable duration shall be equal at least to one period of the measured voltage.

4.8.11.5 Intrinsic uncertainty table

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 34.
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Table 34 — Intrinsic uncertainty table for voltage
interruption measurement

e . Intrinsic uncertainty limits for PMD of .
Specified measuring range . a Unit
function performance class C
Interruptions from 0 % to 5 % of U +1,0xC % U,
Interruption duration Less than two periods at the network ms P
frequency

a8 Applicable performance classes are listed in Table 3.
b

This is a fixed uncertainty.

4.8.12 Transient overvoltage (U;,) measurements
4.8.12.1 Techniques

See|Annex A of IEC 61000-4-30:2015.
Gapless measurement is required.
Ref@rence waveform: 1,2/50 ps as defined in IEC 61000-4-5.

4.8.12.2 Rated range of operation

Thelintrinsic uncertainty requirements shall apply within‘the rated ranges given in Table 3%.

4.8.12.3 Intrinsic uncertainty table

The]| intrinsic uncertainty under reference™conditions shall not exceed the limits given
in Table 35:

Table 35 — Intrinsic uncertainty table for transient overvoltage measurement

Specified measuring range Intrinsic uncertainty limits Resolution for duratiop
for PMD of functiopn b
for PMD measurement
performance class'C
0to U, & £3,0% x U, 5 pus

a8  The recommendedvalues for the specified measuring range are 6 kV — 4 kV — 2,5 kV — 1,5 kV - 0,8 kV.
b
I

uration measurement is optional. If it is provided, it shall be made at 50 % of the peak value of the transfent.

4.8.13 (Voltage unbalance (U, U,,,) measurements

4.8.13\1 Techniques

Gapless measurement is not required.

According to the manufacturer specification, one of the following functions shall be
implemented:

e amplitude voltage unbalance (U, Vppa): see Annex B
e amplitude and phase voltage unbalance (U, V,,): see IEC 61000-4-30

4.8.13.2 Rated range of operation
The intrinsic uncertainty requirements shall apply within the following rated range:

— between 80 % and 120 % of U,
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4.8.13.3 Intrinsic uncertainty table

The intrinsic uncertainty under reference conditions shall not exceed the limits given
in Table 36:

Table 36 — Intrinsic uncertainty table for voltage unbalance measurement

Intrinsic uncertainty
Indicated range of U, or U . furl‘igt]iigsn f;;)ér?owrlra:rfce Resolution Unit
class C?2
0% to 10 % +1xCP +0,1 pojint
a Applicable performance classes are listed in Table 3.
b The diagram below shows an example of uncertainty limits for class 0,5:
Intrinsic uncertainty limits for PMD True value
of function performance class 0,5
0% 1% 2% 3% 4% 7% 8% 9% 10%
[ | | | | | |9
I Y

4.8.14 Voltage harmonics (U,) and voltage THD (THD'and THD-R ;) measurements
4.8.14.1 Techniques

The|manufacturer shall specify the standard with\which the product complies or, alternatiyely,
shal|] specify the number of ranks, and if applicable filtering methods and aggregation method.

Gapjess measurement is not required.

NOTE THD, and THD-R, is a generic notation. This is also applied to THD,, and THD-R,,.
4.8.14.2 Rated range of operation

Thelintrinsic uncertainty requirements shall apply within the rated range given in Table 37

Table 37 — Rated range of operation for voltage harmonics measurement

PMD._ types Minimum bandwidth Fundamental frequency range

PMD 15 times the rated frequency 45 Hz to 65 Hz

4.8.143 Intrinsic uncertainty table

The uncertainty indicated in Table 38 and Table 39 applies for a single tone stationary
harmonic signal over the whole working conditions.

Table 38 — Intrinsic uncertainty table for voltage harmonics measurement

Specified measuring range Intrinsic uncertainty limits for PMD of Unit
function performance class C 2
U,>3xU, xC/100 +5,0 % U,
U,s3xU xC/100 +0,15xC % U,
a8 Applicable performance classes are listed in Table 3.
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Table 39 — Intrinsic uncertainty table for
voltage THD, or THD-R,, measurement

Specified measuring range for voltage THD Intrlnsw_uncertalnty limits for PME of Unit
function performance class C
3xC%<THD <20 % £5 %
THD<3xC% +0,15x C point P

a8 Applicable performance classes are listed in Table 3.

b 0,15 x C is a constant uncertainty. For example with 1 % of THD, if C = 1, the measured value may be

between 0,85 % and 1,15 %.

4.8.15 Current unbalance (I, I,,5) measurements
4.8.15.1 Techniques
Gapless measurement is not required.
According to the manufacturer specification, one of the following functions shall| be
implemented:
e amplitude current unbalance (I,,,): see Annex B
e amplitude and phase current unbalance (l,,): see IEC 61000-4-30, only replacing voltgge
by current.
4.8.15.2 Rated range of operation
Thelintrinsic uncertainty requirements shall apply‘within the following rated range:
— Ibetween 10 % and 120 % of I,
— bhetween 20 % of Iy and I,
4.8.15.3 Intrinsic uncertainty tahle
The]| intrinsic uncertainty under reference conditions shall not exceed the limits gjiven
in Table 40:
Table 40 — Intfinsic uncertainty table for current unbalance measurement
Intrinsic uncertainty
. limits for PMD of . .
Indicatedrange of I or 1 function performance Resolution unit
class C?2
0 % to 50 % +1xCP +0,1 Points
a8  Applicable performance classes are listed in Table 3.
b The diagram below shows an example of uncertainty limits for class 0,5:
Intrinsic uncertainty limits for PMD True value
of function performance class 0,5
0% 1% 2% 3% 4% 7% 8% 9% 10%

[ | |

|

|

|
I
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4.8.16 Current harmonics (l,,) and current THD (THD; and THD-R;) measurements

4.8.16.1

Techniques

- 57 -

The manufacturer shall specify the standard with which the product complies or, alternatively,
shall specify the number of ranks, and if applicable filtering methods and aggregation method.

Gapless measurement is not required.

4.8.16.2 Rated range of operation
Thelintrinsic uncertainty requirements shall apply within the rated range given in Table 41
Table 41 — Rated range of operation for current harmonics measurement
PMD types Minimum bandwidth Fundamental ffrequency range
PMD 15 times the rated frequency 45'Hz to 65 Hz
4.8.16.3 Intrinsic uncertainty table
The|uncertainty indicated in Table 42 and Table 43 applies)for a single tone statiopary

harmonic signal over the whole working condition.

Table 42 — Intrinsic uncertainty table for cufrént harmonics measurement

Intrinsic uncertainty limits for
PMD types Specified measuring.range PMD of function performance unit
class C?
PMD-Sx I, > 10 x |n><C/100 +5,0 Al
I, <10 xlx C /100 +0,5xC Al,
PMD-Dx I, >.10% |b><C/100 +5,0 Al
I, £10 x I, x C /100 +0,5xC Al,

pplicable performance classes are listed in Table 3.

Table 43 — IntriQsic uncertainty table for current THD; and THD-R; measurement

PMD types Specified m%e:jsurlng Intrlnsm_uncertalnty limits for PME of udit
range function performance class C
PMD _Sx 200 % > THD > 10 x (I,/1;) x C % +5,0 %
THD <10 x (1./1;) xC % £0,5xCx(I/1,) Poipt?
PMD D 200 0, TN 10 VAN AN 0, 4+ 50 00
200-%—>TFHb B-—HD) % =5
THD <10 x (I,/1;) xC % £0,5x Cx(I/1,) Point?

a8 Applicable performance classes are listed in Table 3.

4 1, is the fundamental (50 Hz or 60 Hz).

¢ THD is the measured value of current THD expressed in %.

b 0,5 x C is an absolute uncertainty. For example with 10 % of THD, if C = 10, and I, =1, the measured value
may be between 5 % and 15 %.
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4.8.17.1 Rated range of operation

The

manufacturer shall specify the rated range of operation.

4.8.17.2 Intrinsic uncertainty table

Minimum, maximum, peak, three-phases average and demand measurements

The uncertainty on these values (minimum, maximum, ...) shall be the same as that from the
corresponding measurements used to calculate these values.

For linstance, a PMD claiming a class C performance on power measurement shall hay
comply with the same performance class C for the power demand measurement if any,

Cald

ulation methods are specified in Annex D.

e to

4.9 | General mechanical requirements
4.9.1 Vibration requirements
In agidition to the mechanical resistance test specified in IEC 61020-1, the PMD shall pasg the
following vibration test:
— amplitude: 0,35 mm for fixed equipment, 1 mm for portable’equipment;
— frequency: 25 Hz;
— duration: 20 min in each 3 directions;
— KPMD under test shall be powered on.
The|PMD functions shall remain in their specifications during the test.
492 IP requirements
The| manufacturer shall documenty equipment IP according to IEC 60529. The minimum
regyirements are given in Table 44;, which specifies minimum IP requirements for the diffgrent
kind| of housings of PMD:
Table 44 — Minimum IP requirements for PMD

Type(ofy,PMD Front panel Housing, except front pgnel
Fixed installed PMB IP 40 IP 2X
- pgnel mountedidevices.
Fixed instalied PMD IP 40 IP 2X
- modular devices snapped on DIN rails within
distriibution panel.
Fixed installed PMD IP 2X IP 2X
- housing devices snapped on DIN rails within
distribution panel.

Portable PMD IP 40 IP 40
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Safety requirements
.1 Protection against electrical hazards

.1.1 General

PMD shall comply with the applicable safety requirements of IEC 61010-1 and IEC 61010-2-

030

4.10

and with additional requirements specified hereafter.

.1.2 Clearances and creepage distances

Ul 1

Cle

- K
-

For
from

For
accq

NOTE

4.10

Whe
tran
top

P | et lo. +aal .1 - ol ko
raricTs armu LitTpyayt UliostdlitT o oSTiall JT oTITULITU Al TTAST TTIT aLLuTuaricc vwillT.

ollution degree 2;
heasurement category |ll for measuring input circuits;
vervoltage category Il for mains circuits.

portable equipment, overvoltage category Il is acceptable only for mains’ circuits pow
socket outlets.

plug-in PMD for socket outlets, overvoltage category Il and measurement category |
ptable.

Measurement category is defined in IEC 61010-2-030.
.1.3 Connection of a fixed installed PMD withsa current transformer

n a hazardous situation can be the result of an unintended disconnection of a cu
sformer from its PMD, connections of the éurrent inputs shall be designed in such a
fevent open circuit condition. This condition may be achieved either by removable

shornt-circuiting connectors, screwable cennectors, fixed connections, external prote

devi

4.10.

The
syst
that

NOTE

4.10

Req

ces, or protective devices integratediin the current transformer.

1.4 Connection of a PMD_with a sensor in high voltage networks

connection of a PMD xS)or a PMD xD with external high voltage sensors (e.g
bms with rated voltages higher than 1 000 V AC and 1 500 V DC) is allowed, prov
design features of such sensors prevent any hazards.

IEC 61010-1 gives-guidance for system safety aspects including the sensors used with the PMD.
.1.5 Aceessible parts

Llirements’for accessible parts as defined in IEC 61010-1 apply.

Circ

ered

are

rent
way
auto
Ctive

for
ded

itS/intended to be connected to an external accessible circuit shall be considere

1l as

accessible conductive parts, for example communication circuits.

A communication port that may be connected to a data system shall also be considered as an
accessible conductive part.

These accessible conductive parts require protection against single fault condition.

NOTE Basic insulation is not a sufficient protection against single fault condition. An example of relevant
insulation is double insulation or reinforced insulation, etc., see IEC 61010-1.

4.10.1.6 Hazardous live parts

In a

distribution system, a neutral conductor shall be considered as a hazardous live part.
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.2 Protection against mechanical hazards

requirements of IEC 61010-1 apply.

.3 Protection against other hazards

PMDs shall be assessed against potential hazards specified in IEC 61010-1. If any hazard is
deemed to be relevant, then it shall be covered by the corresponding IEC 61010-1

requ

irements.

Special attention will be paid to devices embedding batteries.

4.11
4.11

For

4.11

For

4.12
4.12

The
outp

NOTE

4.12
4.12

The
the
othe

For
reqy

The

The

emissions either class A or class B limits as defined in IEC 61326-1 shall apply.

uts of the PMD.

uncertainty limits specified” for the measurement of that parameter in Clause 4 un

also

EMC requirements
1 Immunity

mmunity, Table 2 of IEC 61326-1:2012 shall apply. For testing, see 6.2.16

.2 Emission

Inputs and/or outputs
.1 General

manufacturer shall specify the characteristics)and the performance of the inputs

Digital and analog inputs/outputs are defined indEC 61131-2.
.2 Analog outputs
.2.1 General requirements

global uncertainty of each-analog output representing a measured parameter shall

rwise specified.

testing of analog outputs, see 6.2.14. For a PMD fitted with analog outputs
irements specified in 4.12.2.5 apply.

current@nalog output signal is 4 mA to 20 mA, but 0 mA to 20 mA is also possible.

preferred voltage output signal is 0 V to 10 V. Voltages O Vto+1V and 0 V to -10 V

pessible.

4.12

.2.2 Compliance voltage

and

e in
less

the

are

Current output signals shall have a compliance voltage of at least 10 V. The actual
compliance voltage shall be specified in the accompanying documentation (see 5.3).

When tested in accordance with the compliance voltage tests of 6.2.14.2 the uncertainty of
the analog output shall not exceed (2 x C) % of full scale for a PMD with an analog output of
performance class C.


https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

IEC

61557-12:2018 © IEC 2018 - 61—

4.12.2.3 Analog output ripple content

When tested in accordance with 6.2.14.3 the maximum ripple content in the output signal for
an output of performance class C shall not exceed (2 x C) % of full scale of the maximum
specified output signal.

4.12.2.4 Analog output response time

The response time of the analog output, in accordance with 6.2.14.4, for both increasing and
decreasing inputs if different, shall be specified in the accompanying documentation (see 5.3).

4.12.2.5 Limiting value of the analog output signal

The

output signal shall be limited to a maximum of twice the rated maximum output ‘signal

bipofjar outputs, this shall apply in both directions.

Whe
lowd

shal
havi

g a value between its maximum and minimum output signals.

4.12.3 Pulse outputs

For

How

has

hese outputs, 4.1 of IEC 62053-31:1998 (functional requirements) shall apply.

to be declared and compliance to IEC 62053-31{cannot be declared.

4.12.4 Control outputs

Whgn such output is available, the level shall be declared in the documentation.

4.1205 Analog inputs

The

For

current analog input should'be 4 mA to 20 mA, but 0 mA to 20 mA is also possible.

testing of analog inputs, the product should be able to measure signals transmitte

analiog output as specified in 4.12.2.

4.12.6 Pulse and.control inputs

For

has

5

5.1

hese inputs, PMD shall accept signals as defined in IEC 62053-31.

tonbe declared and compliance to IEC 62053-31 cannot be declared.

n tested in accordance with 6.2.14.5 and when the measurement is not between
r and upper values represented by the maximum and minimum output”signals, the §
Lnot, under any conditions of operation except loss of auxiliary pewer, produce an ot

For

the
PMD
tput

ever for some specific applications, deviations afe)possible and the level of these outputs

Howeverfor some specific applications, deviations are possible and the level of these outlputs

Marking and operating instructions

General

Marking and operating instructions shall comply with IEC 61010-1 and IEC 61010-2-030,
unless otherwise specified in Clause 5.

5.2

Marking

Marking requirements as defined in IEC 61010-1 and IEC 61010-2-030 shall apply. In addition
the equipment shall be marked with:
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a) wiring diagrams or symbol 14 according to IEC 61010-1;

b) serial number.

It is

53

recommended to provide also the year of manufacturing.

Operating, installation and maintenance instructions

5.3.1 General

Operating instructions, including maintenance aspects, defined in IEC 61010-1 and

IEC 01010 2 CSC oha” app:y :II addltlull, thC fU“UVVIIIH ICqu;ICIIICIItD (1|J|J:y

5.3.2 General characteristics

Thelfollowing characteristics shall be documented:

a) calibration period, if a periodic calibration is necessary;

b) the rated voltage in one of the following forms:

) the number of active conductors of the connecting system_if~more than one, and the
applicable voltage at the PMD terminals of the voltage circuit(s);

?) the nominal voltage of the system or the secondary voltage of the instrument
transformer to which the PMD is intended to be connectéd;

c) fpr direct connected PMD, the basic current (l,) ard the maximum current (l,,).| For
g¢xample: 10 A to 40 A or 10(40) A for a PMD~having a basic current of 10 A and a
haximum current of 40 A;

d) for current transformer-operated PMD,  the rated secondary current (l,) of [ the
transformer(s) and the maximum secondary current (l,,,) of the transformer which the
PMD should be connected to. For examplte: 5(6) A;

e) fpr sensor-operated PMD, the main_gharacteristics of the corresponding PMD input.| For
gxample: 1V /1 000 A;

f) the rated frequency or frequengyyrange in Hz;

g) fpr energy measurement, thetmeter constant if any;

h) gtart-up time, if it is longer'than 15 s;

i) fpor PMD with pulse_ifputs and/or outputs, the class A or class B classification;

i) for PMD with control outputs, the maximum level of the outputs. For example: 1 A/ 280 V
\C;

k) avercurrent)protection specification.

5.3.8 EsSential characteristics

5.3.8.1 Characteristics of PMD

The characteristics of the PMD shall be specified in a table as specified in Table 45 with the
following items:

a) power quality assessment function (if any);

b) classification of PMD according to 4.3 and to 4.4;

c) t

emperature according to 4.6.2.2 and 4.6.2.3;

d) humidity and altitude conditions according to 4.6.2.4;

e) active power or active energy function (if existing) performance class according to 4.8.2.

The

sequence of function symbols shall be the following:
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Table 45 — PMD specification form

Type of characteristic

Examples of possible characteristic
value

Other complementary
characteristics

Classification of PMD
according to 4.3

PMD-I or PMD-II or PMD-IIl or PMD-x

Classification of PMD
according to 4.4

SD or DS or DD or SS

Temperature

K40 or K55 or K70 or Kx

Humidity + altitude

Blank or extended values

Acfive power or active energy
furjction (if function available)
performance class

0,10r0,20r0,50r1or2

It is |strongly recommended that all items be listed, and only existing ones be.specified.

5.3.8.2 Characteristics of functions

The| characteristics of functions of the PMD shall be specified\in a table as sped]

in Table 46 with the following items:

a) 1function symbols as defined in Table 46;

b) function performance class according to this document;

c) measuring range for the specified performance class;

d) gther complementary characteristics.

ified
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The sequence of function symbols shall be the following:

Table 46 — Characteristics specification template

Function performance
Function symbols class according to Measuring range
IEC 61557-12

Other complementary
characteristics

P

Q, or/and Q,,

S, or/and §,,

E

a

Ea or/and E.v

E apA or/and EapV

f

I or/and Ine

U or/and V

PF, or/and PF,,

Udip or/and Vdip

Ui or/and Vol

U, or/and A

U;,; or/fand V; .

U pa O/and vV

U,, or/and V

U, or/and V,

THD, or/and THD,

THD-R, or/and THD-R,

Iy

THD

THD-R

P

st

P

It

It is |strongly recommended that all functions be listed, and only existing ones be specified

6 Tests

6.1 General

All tests shall be carried out under reference conditions unless otherwise specified. The
reference conditions are stated in 4.6.1.
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6.2 Type tests of PMD
6.2.1 General

Type tests shall be executed to check the compliance with the requirements of Clauses 4 and
5.

6.2.2 Tests of intrinsic uncertainty

6.2.2.1 General requirements

As ¢
assSs(

ciated to a test.
6.2.2.2 Minimum test points

The]| intrinsic uncertainty shall be verified at least at the limits of the fmeasuring range
spegified in the intrinsic uncertainty tables in Clause 4.

6.2.2.3 Acceptance criterion

For [each test, the absolute value of the measurement uncertainty shall be less than| the
spegified intrinsic uncertainty limit.

NOTE See G.3.2 and G.4.1 for more information.
6.2.8 Tests of variation of uncertainty with infldence quantities
6.2.8.1 General requirements

As g general principle, each line of the uncertainty with influence quantities tables in Claugse 4
shal] be associated to a test.

Tests of the influence quantities on several functions can be combined if applicable (e.g| the
test|of influence of temperature dene on active power measurement can be done at the same
time| as those of voltage and curtent).

6.2.8.2 Minimum test.points

The|variation of uncertainty with influence quantities shall be verified at least at the limifs of
the specified influece range and measuring range.

6.2.8.3 Acgeptance criterion

For pachtest, the absolute value of the variation of the measurement uncertainty shall be|less
than the limits of variation specified in the influence quantities tables in Clause 4.

NOTE See G.3.2 and G.4.1 for more information.
6.2.4 Test of temperature influence

The temperature coefficient shall be determined for the whole operating range. The operating
temperature range shall be divided into 20 K wide ranges. The temperature coefficient shall
then be determined for each of these ranges, by taking measurements 10 K above and 10 K
below the middle of the range. During the test, the temperature shall be in no case outside the
specified operating temperature range.

The indicated temperature coefficient shall be the greatest one.
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6.2.5 Active power
6.2.5.1 Influence of harmonics in current and voltage circuits
Test conditions shall be:

— fundamental frequency current: 1; = 50 % of I,,,,;
— fundamental frequency voltage: U; = U;

— fundamental frequency power factor: 1;

— content of 5" harmonic voltage: Ug = 10 % of U

- gontent of 51" harmonic current: 15 = 40 % of I;
harmonic power factor: 1;
— fundamental and harmonic voltages in phase, at positive zero crossing;

— tptal active power: 1,04 x Py = 1,04 x Uy x I.

6.2.5.2 Influence of odd harmonics in the current circuit

The|peak value of the test waveform shall be equal to /2 x 1, or to&f2’ x 1,..

Thelcurrent test waveform shall be generated according to Figure 4 and Figure 5.

Test waveform

Rise time 200 ps + 100 ps
| |
Start5ms + 0,1 ms

0,5

O

Relative amplitude
o

-0,5 /
Reference waveform: lrms = 0,5 Ib or 0,5 In /
-1 L/
Q 2 4 6 8 10 12 14 16 18 30

Time (ms)

Figure 4 — Waveform for odd harmonics influence test
on active power measurement
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Harmonic content
70

60

50

40

30

Harmonic amplitude (%)

20

10

o J_l_l_l_lJ_L._l_lJ_I_l_I_LJ_-_-_-_l

050 250 500 750 1000 1250 1500 1750% 2000 2250 2500
Frequency (Hz)

IEC

Figure 5 — Spectral content for odd harmenics influence test
on active power measurement

reference waveform and the distorted waveform result in approximately the same a
er or active energy, but some variation is expected due to the variation in rise time
time shown in Figure 4. It is recommended to use a reference meter to verify test res

curve, diagram and values are;\given at 50 Hz. For other frequencies, they shal

b.3 Influence of sub-harmonics

peak value shall be_équal to v/2 x I, or to ¥/2 x I,. The cycle of the signal is mad
full waves followediby two non-signal periods.

test wavefarm,shall be generated according to Figure 6 and Figure 7.

ctive
and
ults.

| be

e of
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Test waveform

Reference waveform: Irms = 0,5 Ib or 0,5 In

4

o
U

[=)

Relafive amplitude

SN

|
o
w

0 10 20 30 40 50 60 70 80
Time (ms)

. . . IEC
NOTE The reference results in the same active power or active energy.

Figure 6 — Waveform for sub-harmonics influence test on
active power measurement

Spectral content
50 \ T T T

Amplitude (%)

0 125 37550625 87,5 112,5 137,5 162,5 187,5 212,5 2375 2625 2875
Frequency (Hz)

IEC

Figure 7 — Spectral content for sub-harmonics influence test
on active power measurement

The curve, diagram and values are given at 50 Hz. For other frequencies, they shall be
adapted accordingly.

6.2.6 Apparent power

The test on the apparent power is not mandatory if at least two of the following functions are
tested:
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— active power;

- T

eactive power;

— power factor.

6.2.7 Power factor

— 69 —

The test on the power factor is not mandatory if at least two of the following functions are
tested:

— active power;

6.2.

For
cong
voltd
refe

Edactive POWET,

\pparent power.

ence ground.

Current generator:

-

B Common mode voltage rejection test

10 % Iy, for PMD DD
5 % I, for PMD SD

Power factor =

1 between current
and voltage

Common
mode voltage
generator at f,

Current input

Agtive power measurement
(display, or any output)

Voltage input

|
|
|
|
|
-
“H
|

Reference ground

o

A conductive foil shall be connected to earth in case

| mode voltage
then

pach isolated current input, the following test (as described in Figure 8).'shall be mad
ists in calculating the difference between two measurements, P1 without common mode
ige and P2 with a common mode voltage applied between the ,eurréent inputs and

P1 without commo

P2 with common
mode voltage

Common mode voltag
rejection = (P1 - P2) /

equipment whose enclosure is not connected to gro

e. It

the

9]
=

of
Lind

Figure 8 - Common mode voltage influence testing

6.2.9 Frequency

With the set-up of Table 19, the waveform in Figure 9 is generated:

IEC
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Test waveform

150

100

AR

//
\\

Reldtive
amiflitude
s

N

0 2 4 6 8 10 12 14 16 18 20

Time (ms)

|
—_
o
o

-150

IEC

The rfelative amplitude is expressed in percent of fundamental peak value.

The qurve is given at 50 Hz. For other frequencies, it shall be adapted accordingly.

The qurve has the following expression:

.
X(t) = 100sin(wt) - ), a1 sin((2k + L)t )
k=1

with 3=10,a;=12,a,=10,a4=3,a;; =7,3,;,=6M;; =1

Figure 9 — Wavefafm for harmonics influence test
on frequency measurement

6.2.10 Measurement of voltage harmonics and THD,,
6.2.10.1 General

The|following tests.shall be performed at rated voltage U, at 45 Hz, 50 Hz and 55 Hz for
50 Hz rated frequency, and at 55 Hz, 60 Hz and 65 Hz for 60 Hz rated frequency.

6.2.10.2 Test with a sinusoidal waveform

The|test shall be performed with a pure sinusoidal voltage waveform, with frequencies taken
from] €:2:10. The PMD shall not measure any voltage harmonics component and THD; [with
amplitude above 0,001 5 x T x U, (C IS the function performance class).

6.2.10.3 Test with a distorted waveform

The test shall be performed with at least one distorted waveform with fundamental
frequencies taken from 6.2.10. All the specified harmonics and THD shall be tested with
respect to the uncertainty limits defined in Table 38 and Table 39 respectively.

6.2.11 Measurement of current harmonics and THD,
6.2.11.1 General

The following tests shall be performed at rated current I, or I,, and at 45 Hz, 50 Hz and 55 Hz
for 50 Hz rated frequency, and at 55 Hz, 60 Hz and 65 Hz for 60 Hz rated frequency.
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6.2.11.2 Test with a sinusoidal waveform

The test shall be performed with a pure sinusoidal current waveform, with frequencies taken
from 6.2.11. The PMD shall not measure any current harmonics component and THD; with

amp

litude above 0,005 x C x I, (or I,). (C is the function performance class).

6.2.11.3 Test with a distorted waveform

The

test shall be performed with at least one distorted waveform with fundamental
frequencies taken from 6.2.11. All the specified harmonics and THD shall be tested with
respect to the uncertainty limits defined in Table 42 and Table 43 respectively.

6.2.

The
swe

The
volta

6.2.
The

6.2.
6.2.
PML

6.2.

This

|2 Dips and swells

tests shall at least be done with rectangular dip or swell modulation and,with a di
| duration of one full cycle.

test of the influence quantities can be omitted if this test has been” done during
lge RMS measurements.

|3 Voltage interruptions

tests shall at least be done for a voltage interruption of one full cycle.

|4 Outputs tests

4.1 General
shall be tested under reference conditions.
4.2 Test of compliance voltage and effect of variation of load.

test shall only be carried out on-a PMD with analog outputs that are a current signal.

Tes

output. At each point the output load resistance shall be set at 10 % and 90 % of its spec]

ing shall be carried out at the minimum and maximum (low and high) values of the an

maxjmum value:

— the supply voltage-for the analog output, if supplied from a source external to the P

hall be set to its yminimum and maximum specified values;

— the supply ofithe PMD shall be set to its specified minimum and maximum values

The|worst;case maximum and minimum readings at the low and high outputs shall be ng

ccordaneg with the rated voltage + 15 %.

The|pércentage uncertainty E shall be determined using the following formula:

p or

the

alog
ified

MD,

DI in

ted.

N -W

E= x100

where N is the rated signal, W is the worst case signal and U is the output span.

6.2.14.3 Test of ripple content

The ripple content of the analog output shall be tested at rated minimum and maximum values
of the output. The ripple content shall be measured as a peak-to-peak value.
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6.2.14.4 Tests of analog output response time

The response time for an increasing input shall be determined for an input step intended to
produce a change in output signal from 0 % to 100 % of the output range as the time for the

output to reach 90 % of the output range.

The response time for a decreasing input shall be determined for an input step intended to
produce a change in output signal from 100 % to 0 % of the output range as the time for the

output to reach 10 % of the output range.

6.2.145 Test of limit value of analog output

The|limit value of the analog output shall be tested by varying the input parameter betw
minimum and maximum values. Any programmable features of the output, such as input o
or fyll-scale value, shall be set so as to provide the maximum overloads.

6.2.15 Climatic tests

6.2.15.1 General

een
ffset

Aftel an appropriate recovering time after each climatic test, the . PMD shall show no damage

or change of the information and shall operate within its specifications.

6.2.15.2 Dry heat test
The|test shall be carried out according to IEC 60068-2<2, under the following conditions:

— PMD in non-operating condition;

— temperature: +70 °C £ 2 °C for K40 PMD.and K55 PMD;
+85 °C * 2 °C for K70.PMD;

— duration of test: 16 h.

6.2.15.3 Cold test
The|test shall be carried out according to IEC 60068-2-1, under the following conditions:

— PMD in non-operating condition;

— temperature: %25 °C £ 3 °C for K40 PMD and K55 PMD;
=40 °C = 3 °C for K70 PMD;

— duration of test: 16 h.

6.2.15.4 .<Damp heat cyclic test

The|test'shall be carried out according to IEC 60068-2-30, under the following conditions:

— voltage and auxiliary circuits energised with rated voltage;
— without any current in the current circuits;
— variant 1;
— upper temperature: +40 °C £ 2 °C for K40 PMD;
+55 °C + 2 °C for K55 PMD;
+70 °C + 2 °C for K70 PMD;
— no special precautions shall be taken regarding the removal of surface moisture;
— duration of the test: 6 cycles.


https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

IEC 61557-12:2018 © IEC 2018 - 73—

The damp heat test also serves as a corrosion test. The result is judged visually. No trace of
corrosion likely to affect the functional properties of the PMD shall be apparent.

6.2.16 EMC tests
For EM RF fields and conducted RF the following requirements apply:

— the auxiliary circuits of the PMD shall be energised with the rated voltage,
— the PMD shall be tested in its operating conditions,

with _basic_current 1., respectively rated current |, rated voltage, power factor equal to 1
(or gqual to O for reactive power) whichever is applicable.

Variptions due to the EM influence quantities as defined in Table 9, Table 13 and“Table 17

(limits of variation due to influence quantities) apply.

1%

6.2.17 Start-up tests

The|starting time of PMD without communication or local user interface shall be tested |with
the following procedure:
— gonfigure PMD scales to maximum possible values without causing calculation overfloyws;
— get up the kWh/pulse value to the minimum possible valu€;

— get up the optical pick up probe or other pulse pick-up device; a solid state relay jor a
mechanical relay may be used as the energy pulse-output device;

— power down the PMD;

— apply U ax and .., PF = 1,0 on all voltage:and current measurement inputs;
— power up the PMD and measure the .timé from the application of power until the [first
energy pulse registered by the probe.
6.2.18 Gapless measurement test

The|gapless nature of the measurement process shall be tested using:

a) yoltage waveform as infeference conditions
b) current varying between two levels:

) 1, or |, over periods of 1 s

2) 50 % I, or56-% I, over periods of 0,2 s
The|measurenyent uncertainty of the following quantities shall be checked against the intr|nsic

uncértainty\imits after a test period of at least 1 min: active energy, reactive energy, appgrent
enellgy,dccording to Table 8, Table 12, Table 16.

It is recommended to use a reference meter to perform the test.

6.2.19 Safety tests

Tests shall be conducted according to IEC 61010-1 and IEC 61010-2-030 test requirements.

6.3 Routine tests
6.3.1 Protective bonding test

The PMD shall be tested in accordance with Annex F of IEC 61010-1:2010.
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6.3.2 Dielectric strength test

The PMD shall be tested in accordance with Annex F of IEC 61010-1:2010.

6.3.3 Uncertainty test

The intrinsic uncertainty of each main function (e.g. voltage, current or power measurement)
which is accessible to the user shall be verified throughout the measuring range.

For each test, it is recommended to verify the intrinsic uncertainty at a minimum of three test
points spanning the measurement range.

Theloperating uncertainty can be evaluated according to Annex G on a statistical basis,

It isrecommended to record the test results of the routine test.
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Annex A
(informative)

Metering, measuring and monitoring applications

A.1 Applications on demand side and supply side

Measurement applications can be roughly summarized according to Figure A.1.

HV and MV distribution -
' \
' Low voltage distribution
' ~ X
Power quality survey Power quality assessment : Power metering and monitoring
HQI-S according to IEC 62586 PQI-A according to IEC 62586 ¢ (cost allocation, energy efficiency,demand side powdr
based on IEC 61000-4-30 based on |EC 61000-4-30 (] quality...) PMD according.to IEC 61557-12
Revenue/metering for billing :
Revenye meters according to ]
i |EC 6205x%-xx '
H ) y
| SUPPLY SIDE; N DEMAND SIDE
entralised generation : [ ]
| \\ Point of: common couplingAPCC)
(T '

\
: H )
Genergtion Transmission Distributior} \ > Consumers
él‘#ﬂ b b ]
b’-ﬂ] o ".“ \ @

Power plént

;;':S bjt i \ s Residential
oubstation
S (m )
S ()
%“-. ® \ 4 Industry
PrA A :
e NN @

Su bstationA'\= i
\O LEAT
Jr Substation
)

Buildings

&)

Data Centres

®

\_ Infrastructure /

%3¢ 1

Renewable energy plants,

----qu-
'y

IEC

Figure A.1 — Simplified overview of measurement applications on
supply side and demand side

A2 ink bhetween npplir‘nfian, devices and standards

Table A.1 shows the relevant device and associated standards related to the main
measurement applications.
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Measurement Relevant IEC Device name Usual device name Complementary
Application product according to explanations
standards standards
Billing IEC 62052-11 and Electricity Revenue meter Energy metering for
a metering . . billing applications (e.g.
IEC 62053-2x equipment Electr|C|ty meter for bl”lng Utlllty bllllng a landlord or
Utility meter a mall owner).
Billing meter Transmission grid-level
metering.
Stradow-ttmg
Engrgy usage IEC 61557-12 b Power metering Power meter Energy cost and usage
dnalysis and monitoring analysis (for.cos
device (PMD-I) Energy meter allocation within @
companis _of for endrgy
efficiehcy purposeg)
Bapic power IEC 61557-12 Power metering Power meter Basic demand side
mpnitoring and monitoring . quality analysis + engrgy
device (PMD-II) Power monitor cost and usage anallsis
Power monitor device
Power energy monitoFring
device
Power analyser
Multifunetion meter
Measuctihig multifunction
equipment
Aflvanced IEC 61557-12 Power metering Power meter Advanced demand gide
power and monitoring . quality analysis + engrgy
mpnitoring device (PMD-III) Power monitor cost and usage anallsis
Power monitor device
Power energy monitoring
device
Power analyser
Multifunction meter
Measuring multifunction
equipment
Power quality IEC 62586~1 Power quality Power quality instrument Power quality analysis
dnalysis instrument (PQI) . according to IEC 61000-
Power quality analyser 4-30 for power quality
Power analyser survey (e.g. accordirg to
EN 50160)
Network analyser
2  Regional-regulations or standards may apply, for example MID, ANSI,... as well as utility specifications.
Bnefgy-meters complying with IEC 62052-11 and IEC 62053-2x can also be used for energy usage analysis
dpplications.
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Annex B
(informative)

Definitions of electrical parameters

B.1 General

Annex B gives the common definitions and methods for measuring electrical quantities. Some
of these definitions can be found in IEEE 1459. Manufacturers using other methods should
spegify theirownm methods i the technicat docurmentation.

B.2| Definitions in the presence of a neutral

Table B.1 gives the list of symbols used in Annex B. Table B.2 specifies how|t0 calculatg the
pargmeters.

Table B.1 — Definition of symbols

Symbol Definition

Number of samples in one fundamental period

M Number of samples used for measurement (length of measurement window)
At Duration of the measurement window in seconds

k Index of a sample within the measurement window (0 < k < M-1)

p Index of a phase (p=1,2o0r3;0orp=a, b,cyporp=r,s,t;orp=R, Y, B)

g Index of a phase (g =1,2o0r3;org=aib,c;org=r,s,t;org=R,Y, B)
Nph Number of phases excluding neutral (generally 1 or 3)

i Phase p current sample numberk

ing Measured neutral current sample number k
Vo Phase p to neutral voltage sample number k
Vo Phase g to neutral"voltage sample number k
POk Phase p to phase. g voltage sample number k: Upge = Vo Vae
Pp Phase angle, between the fundamental current and the fundamental voltage for phase p
N hax Maximum harmonic rank used for harmonic measurements

|-’ Harmonic current of rank i in phase p (RMS value)

In,i Harmonic current of rank i in the neutral (RMS value)

Vip Harmonic phase p to neutral voltage of rank i (RMS value)

Pip Phase angle between harmonic current and harmonic voltage at rank i on phase p

Ui‘pg Harmonic phase p to phase g voltage of rank i(RMS value)

11 p.maxdem Maximum 15 min or 30 min demand value of fundamental current for phase p

X Generic symbol of an electrical quantity within a formula, to be replaced by I, Ip or I for current,

by V or Vp for phase to neutral voltage, or by U or Upg for phase to phase voltage

Xneg Negative-sequence component of electrical quantity X considering its decomposition into
symmetrical components

XpOS Postive-sequence component of electrical quantity X considering its decomposition into
symmetrical components
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Symbol

Definition

zero

Zero-sequence component of electrical quantity X considering its decomposition into symmetrical
components

X X

lcy ( 1/2cy)

RMS value of electrical quantity X (current or voltage) measured over 1(1/2) fundamental cycle
and refreshed each cycle

ref

Reference r.m.s value used to detect and characterize dips and swells, may be a fixed value or a
time-varying value

res

Lowest X or X

Ley 1/2¢y value measured during a dip event

swefl

RN " 1 TR I "
TgeSt varoermeasturea aurtmg—a SWeir cveTTt

lcy

The| calculation methods in Table B.2 are reference algorithms for computing electrical

guanmtities in the general case.

Depgending on the characteristics of a PMD, different implementations are possfble.
Manufacturers of PMD not using these formulas should document the “calculation methods

used in the product.

Table B.2 — Calculation definitions for electrical parameters

Item ‘ Symbol and definition
RMS values
RMS$ current in phase p
Ip =
Phage p to neutral RMS voltage
Vp =
Phage p to phase g RMS voltage
Upg =
Totdl (or average) RMS current or voltage Nph
2. %p
=1
X — p
Nph
Calqulated RMS neutral current ’M—l
N 2
D UL F12 F13]
N M
Phase powers
Active power for phase p 1 M-1
Pp Iv° (Vpk lek)
k=0
Apparent power for phase p Sp :Vp x |p
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Item Symbol and definition
Reactive power for phase p, power triangle formula ) : :
(also known as Fryze's definition) 2 Qp = Qpyign = SlgnQ((;}p)x Sp” - Pp
with
SignQ(g, ) = +1 if ¢,  [0°-1807]
P p
SignQ(d,) = -1 if ¢, < [180°-360°]
NOTE This quantity is sometimes referred to as the
ROA—aEtire—power
Reaftive power for phase p,quadrature phase shift 1 M-
formula &:°¢ Qp = QPguaa = —- 2 (VP 4xipy)
M ko
Reaftive power for phase p, Budeanu’s harmonic Pax
ihiti a,c .
definition Q= QP = zl |i,p'Vi,p'5'”(¢i,p)
=
Distprtion power
D, =S -P?-Q°
Phase energies
Actiye energy for phase p Ep = Pp - At
Rearftive energy for phase p Erp = Qp - At
Appgarent energy for phase p Eap = Sp WAt
Total powers
Totdl active power Nph
P=> PR
p=1
Totgl reactive power (vector) Noh
=29
p=1
Totdl apparent power (vector) s, - /P2 Qv
Totdl apparent power (arithmetic) Nph
SA = Sp
p=1
Totql reactive power (drithfmetic) P
P ( ) Qa = Vsa? - p?
Power factors
Powgr factor\fer’phase p p
PF = 2
) =
Sp
NOTE The power factor is sometimes defined with an
absolute value on the numerator.
Displacement power factor for phase p DPF, = COS((pp)
Total power factor (vector) p
PF, = —
SV
Total power factor (arithmetic) p
PFy, = —
Sa
Fundamental powers
Fundamental active power on phase p Pip=lip Vi, cos(a)
Fundamental reactive power on phase p Q, p= I b ' . sin((pp)
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Item Symbol and definition

| \Y

Fundamental apparent power on phase p S 1o Vip

1,p =

Distortion indicators

Harmonic distortion of electrical quantity X (I _,V_, or
. p'p
Upg) — Phase quantity

Harmonic distortion referred to RMS of electrical h
quantity X (I, V,, or U_) — Phase quantity NSy 2
1P
THD _RX, = 122
_RX, "
p
Totgl harmonic distortion of electrical quantity X (I, V, Noh
or U
D THDX,
=1
THDX = -
Nph
Totdl harmonic distortion referred to RMS of electrical Noh
quantity X (I, V, or U)
ZTHD_RXp
p=1
THD _RX =
Nph
Totdl distortion ratio of electrical quantity X (I, V, or U) > 2
— PHase quantity Xp = Xip
TDRX) '&/——
? X
1p

NOTE Unlike the THD, this distortion ratio confains
the contribution of interharmonic components.

Totdl distortion ratio of electrical quantity X (I, V, ex U)

Non
ZTDRXp

=1
TDRX = P
Nph
Distprtion active power on phase p PDp = Pp -P, D
Totdl distortion active power Nph
Pp = Z Po,
p=1
Totdl demand distortion (current) on phase p h
ax
12
ip
DD, = iz
IJ,p,maxdem

Unbalance indicators

Amplitude unbalance for electrical quantity X (I_, V_, or Nph
U__) — Phase quantity, in percent e
ps | 2%
X, - X —
p=1
Xopap =100 ——=%  where X, =-———
Xavg Nph
Total amplitude unbalance for electrical quantity X (I, V,
; Xpa = Maxi (X
or U), in percent nba nbaplf
pfl.,Nph
Amplitude and angle unbalance for electrical quantity X Xneq
(1, Vv, or U)) Xop =100 ——

pos
NOTE There is no phase quantity for this type of
unbalance.
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Item ‘ Symbol and definition

Internal power quality indicators

1-cycle RMS value of electrical quantity X (generally
voltage) on phase p.

Dip depth for electrical quantity X (generally voltage) X ref — X resid
X gip (%) = 100 - —————

Xref
Swell depth for electrical quantity X (generally voltage) X swell — Xef
X (00) =100 ———————

Xref

a8 $ee Figure B.1. Reactive power is a controversial notion, there is no “true” definition in nofissiHusg¢idal
onditions. This table only gives the most common definitions. Different standards or measurement products
may use different definitions for the reactive power, or consider only the fundamental reactive_ power. Upder
ginusoidal voltage and current these definitions are equivalent.

This power is unsigned.

¢ nder sinusoidal voltage, these definitions are equivalent even with non-sinusoidal/current.

Figure B.¢. ~ Arithmetic and vector apparent powers in sinusoidal situation

B.3| Power measurement in three-phase three-wire systems using the two-
wattmeter method

B.3.1 General

If no neutral is present, the three-phase techniques in Clause B.2 may still be used to
compute the total powers provided a virtual neutral is used in the measurement process.
Otherwise, for three-phase systems without neutral the two-wattmeter method can be used.
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ia
> 7, Y
Uab
'b Three-phase load
< L
Ucb
ic v
—

Con
thre
volta
Ucp-

If a

Furt

The
meal

B.3.

Sup
line

whe

The

IEC

Figure B.2 — Three-phase circuit without neutral

e phases (i, i, and i;) but, since no neutral is present, can only .measure line to
\ges. Taking phase b as a reference, let’s consider the measuréd, voltages are U,

neutral were present, these line to line voltages would write:
Ugp =Vgq —Vp and Ucp =N =V
hermore, since there is no neutral, the following<property is always true:
ig +igtic =0

purpose is to use the available guantities and these properties to obtain an accu
surement of the total powers consumed by the load.

D Total active power

pose the measuring instrument measures two-phase active powers using the avail
to line voltages:

P = ,U(ia 'Uab) and P, = u(ic ‘Ucb)
re the uycoperator stands for the averaging over the measurement window of M sample

e/ phase active powers are physically meaningless in the sense that they are

indi

Sidering the circuit in Figure B.2, the measurement device can measure-the current iph all

line
and

rate

able

4

not

idually related to the total active power drawn by the load.

However, using the properties in B.3.1, it can be shown that:

P+ P :ﬂ('a'Va)+#(ib 'Vb)+#(ic ’Vc): PA+R+R =P

The total active power drawn by the load can be determined as the algebraic sum of the
phase active powers measured using the two currents and the two line to line voltages.

B.3.3 Total vector reactive power using quadrature phase shift definition

If the phase reactive powers are measured using the quadrature formula, the total vector

reac

tive power can be determined from the phase reactive powers:
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Q:L,quad = :u(i'a'uab) and Q2,quad = :U(i'c'ucb)

where i’ and i’ stand for the phase a current in quadrature and the phase b current in
guadrature. Using the properties in B.3.1, it can be shown that:

Q1quad + Q2,quad = ﬂ(i'a‘Va)"‘ /"(i'b'vb )"‘ ,U(i'c 'Vc) = Qa,quad + Qb,quad + Qc,quad = Qv

B.3.4 Total vector reactive power using Budeanu’s definition

If the phase reactive powers are measured using Budeanu’s formula, the total vector reagtive
powgr can be determined from the phase reactive powers:

hmaX hmaX
Qiharm = Z lia-Uiab 'S'n((”i,ab) and Qopam = Z lic -Uich 'S'n((ﬁi,cb)
i=1 i=1

It cgn be shown that the total reactive power using Budeanu’s definjtion is the sum of poth
mealsured phase reactive powers:

Qiharm + Q2harm = Qaharm + Qb harm + Qc,harm = Qv

NOTE There is no simple formula for the total vector reactive.pewer in the general case if the phase redctive
powers are measured using the triangle formula definition.

B.4| Additional relationships in case of<sinusoidal voltage

If the voltage can be considered sinusoidal, the power comes from the fundamental cufrent
and the fundamental voltage only.

The| following additional relationships between the electrical quantities hold, even if| the
current is not sinusoidal and/or’in-the presence of current and/or voltage unbalance:

Pp =Py

QpPpam = quuad = le

N2 | o 2 UR
Va ~ T3 Uap +Uac — ;C
5 2
Vb =—32 '\/Uazb +Ug - USC
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Annex C
(informative)

Convention about the sign of the power factor

C.1 General

The formatting of the power factor is just a question of convention. Manufacturers need to
define the convention used on their devices, or need to let customers know the conventions
selertapte om their 0evites.

Table C.1 shows the conventions IEC-C and IEEE-C available with a consumer pérspective,
accgrding to a scheme given in Figure C.1.

Table C.2 shows the conventions IEC-P available with a producer perspective; according|to a
scheme given in Figure C.2.

C.2| Convention for power factor (consumer perspective)

Export active power | Import(active power

Import S
reactive \
power Q 0
3 I

Export
reactive
power

0] v

IEC

Figure C.1 — Formatting of power factor with a consumer perspective
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Table C.1 — Conventions for the sign of Power factor
with a Consumer perspective

Quadrant Meaning with a consumer IEC consumer IEEE consumer
perspective convention for sign convention for sign
(IEC-C convention) (IEEE-C convention)
Quadrant | Import P; Import Q + -
(Inductive) (Lagging)
Quadrant Il Export P; Import Q - +
(Capacitive) (I eading)
Qpadrant IlI Export P; Export Q - -
(Inductive) (Lagging)
Qpadrant IV Import P; Export Q + +
(Capacitive) (Leading)

C.3] Convention for power factor (producer reference frame)

Import active power | Produce<active power

Produce S
reactive A
power Q

Import
reactive
power

n v

IEC

Figure C.2 — Convention for power factor with a producer perspective
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Table C.2 — Conventions for the sign of power factor
with a producer perspective

Quadrant Meaning with a producer IEC producer convention
perspective for sign
(IEC-P convention)

Quadrant | Produce P; Produce Q +

(Overexcited)
Quadrant Il Import P; Produce Q -

(Overexcited)
Quadrant Il Import P; Import Q -

(Under excited)
Quadrant IV Produce P; Import Q +

(Under excited)



https://iecnorm.com/api/?name=1e5a0590e20fc94bb6d4bd26984c1395

IEC 61557-12:2018 © IEC 2018 - 87—

Annex D
(normative)

Definitions of minimum, maximum, peak and demand values

D.1 Demand quantities

D.1.1 General

[ 1 ! £ H A ! H ! e
A d maria 15 tIIU avclaytc vaiuc Ul a qualltlty UVCTT a SspcuIlicu peliuou Ul tIIIIC.

D.1p Power demand
Power demand is calculated using arithmetical integration of power values during a periqd of

time| divided by the length of the period. The result is equivalent to the enérgy accumulpted
during the period of time divided by the length of the period.

D.1.8 Current demand

Curtlent demand is calculated using arithmetical integration of the_current RMS values dyring
a period of time, divided by the length of the period.

D.1.4 Thermal current demand (or bi-metal current demand)

Thefmal current demand calculates the demand based on a thermal response, which mimics
the analog thermal demand meters as described in Figure D.1.

_5( urce | Thermal
input demand
100 %
\ Defined by time
n % -=— constant setup
register
0% -
Interval Time

T

Defined by interval
setup register

NOTE The value of n is usually 90 %; the time interval is usually 15 min.

Figure D.1 — Thermal current demand

D.1.5 Specified intervals for demand calculation

The PMD handle the duration of intervals to calculate the demand. PMD can implement
several methods:

o fixed block interval: the intervals are consecutive; the PMD calculates and updates the
demand at the end of each interval as described in Figure D.2;
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— Demand value
is the average
Calculation updates for last
at the end of the interval\ completed
interval
15-min interval 15-min interval 15-min
- - | - - I
=~ 20 AL, *
Time (min)
Fixed block

IEC

NOTE 15 min is only an example.
Figure D.2 — Fixed block interval

liding block interval: the intervals are sliding; the PMD calculates and updates| the
demand at the sliding speed as described in Figure D.3.

[ ]
L0

—af— Demand value
i5'the average

15-min interval for last
\ - * completed

| interval

\ =
Y T - — -

Sliding block Time (s)

r— Calculation updates

IEC
NOTE 15 min is only an example.
Figure D.3 — Sliding block interval

D.2| Peak demand quantities

Peak demand is the highest demand value (positive or negative) since the beginning of the
measurement or the last reset.

D.3| Thsee-phase average quantities

In a|thrée- or four-wire system, the average value of a quantity is the arithmetical averade of
each phase value.

EXAMPLE: Three-phase average line to neutral voltage = (V1 RMS voltage + V2 RMS voltage +
V3 RMS voltage) / 3

D.4 Maximum and minimum quantities

The maximum value of a quantity is the highest value measured or calculated since the
beginning of the measurement or the last reset.

The minimum value of a quantity is the lowest value measured or calculated since the
beginning of the measurement or the last reset.
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Annex E
(informative)

Intrinsic uncertainty and operating uncertainty

E.1 General

The operating uncertainty of a monitoring instrument is defined by a specification of:

. L .
— yncertamtymmitsoverameasurmgrange;

haximum deviations in the presence of influencing quantities (power system parand
Qr external conditions).

ters

ress
is a
are

Anngx E provides guidance on the calculation of operating uncertainty and dees*not add
the pdditional concept of a measurement performance class. An operating uncertainty
quality indicator, not comparable with a measurement performance class, [because they

diffgrent in nature and are not used for the same purposes.

Figure E.1 below describes different kinds of uncertainties:

Variations due to
influence quantities

\ ' Uncertainty | .
\ | under reference ) . .
‘-. | conditions A Operating uncertainty

-. according to IEC 61557-1

\\ //\ Intrinsic uncertainty

(see IEC 60050 (all parts)
and IEC 60359)

IEC

Figure E.1 — Different kinds of uncertainties

E.2L ~Operating uncertainty calculation

Operating uncertainty includes intrinsic uncertainty (under reference conditions) and variation
due to influence quantities.

NIQ

Operating uncertainty = \/(PMD intrinsic uncertainty)2 +%Z (variation due to influence quantity)2
i=1

NOTE 1 NIQ = number of influence quantities.

NOTE 2 This formula is derived from ISO/IEC Guide 98-3:2008, 6.2, taking into accou nt a coverage probability of
95 %.
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In this formula the PMD intrinsic measurement uncertainty is determined at two standard
deviations as described in G.3.2. In order to take into account a coverage factor of 95,45 % in
the formula, the variation of the uncertainty due to the influence quantity shall be determined
at one standard deviation. The process of determining the operating uncertainty is shown in
Figure E.2. The correction factors to be applied to the calculated standard deviations are
tabulated in Table G.1.

For NIQ influence quantities

M measurements
WITH INFLUENCE QUANTITY j

N measurements
REFERENCE CONDITIONS

— |

‘er}gysz+C2(N)'o- ‘e’”@}m +G(N)-o ‘errm +le(M)-o
P - L‘-
D e
Opefating uncertainty = |(PMD Intrinsic Uncertainty)*4 3 Z(Van’ation due to influence quantify;)?

i=1

IEC

Figure E.2 — Flowchart for the determination of the operating uncertainty
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Annex F
(informative)

Recommended sensor classes for the different kinds of PMD

General considerations

The association of a PMD Sx, PMD xS and PMD SS with external current and/or voltage
sensors builds a system. The performance of that system depends on the measurement itself

(acti ; ; ) nce
clasp.

Overall uncertainty of the measurement chain formed by this association includesCuncertainty
duejto the PMD and uncertainty due to the sensors under reference conditions

For PMD DD: overall uncertainty = intrinsic uncertainty

For |PMD xS, PMD Sx and PMD SS, typical overall uncertainty values for relejant

compinations are shown in Table F.1.

F.2| Specific case of an active power and energy«measurement, achieved by a
PMD associated with an external current sersor or/and a voltage sensqgr
Table F.1 provides information about associating a RMD with external sensors.
Table F.1 — PMD SD associated with carrent sensor or PMD DS associated with
voltage sensor or PMD SS associated with voltage and current sensors
Performance class of the PMD Reécommended sensor class to Typical overall uncertainty
(for active power and energy associate to the PMD 2P ¢ (for active power and enefgy
megasurement) without external sensors measurement)
(PMD-Sx or PMD-xS or PMD SS)
0,1 0,1 or better 0,2%
0,2 0,2 or better 0,5 %
0,5 0,5 or better 1%
1 1 or better 2%
2 2 or better 5%

Fo

=

a

b

C

bther combinations, manufacturers should provide information or recommended sensors for association.

This induces an acceptable loss of performance of the system.

For power and energy measurements 0,2 S and 0,5 S class sensors are usually required.

Class sensor refers to classes defined in IEC 61869-2, IEC 61869-3, IEC 60044-7 and IEC 60044-8. When

transducers replace sensors, class sensor refers to intrinsic uncertainty of the transducer.

F.3

List of functions affected by uncertainty of external sensors

Table F.2 defines the influence of each kind of sensor on each function of a PMD.
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Table F.2 — List of functions affected by uncertainty of external sensors

Symbol Function Current Voltage
sensor sensor
P, Total active power X X
Qa Qu Total reactive power (arithmetic or vector) X X
Su Sy Total apparent power (arithmetic or vector) X X
E, Total active energy X X
E.a Eny Total reactive energy (arithmetic or vector) X X
EapA, EapV Total apparent energy (arithmetic or vector) X X
f Frequency - 2
| Phase current X -
I e Neutral current (measured, calculated) X -
U orVv Voltage (Lp-Lg or Lp-N) - X
PF,{ PF, Power factor (arithmetic, vector) X X
Peo Pt Flicker (short term, long term) - -
Udip or Vdip Voltage dips (Lp—Lg or Lp—N) - X
Uguilor Ve Voltage swells (Lp-Lg or Lp-N) - X
Uint PT Vine Voltage interruption (Lp—Lg or Lp—N ) - X
Uobd O Viba Amplitude voltage unbalance (Lp-Lg or Lp-N) - X
Uoo P Voo Amplitude and phase voltage unbalance (Lp-Lg or Lp-N ) - X
U, arv, Voltage harmonics - X
THD,, THD-R, Voltage THD (referred to fundamental, referred to RMS value) - X
or THD, , THD-
RV
I Current harmonics X -
THD, THD-R, Current THD (THD, referredito the fundamental, THD-R, referred to X -
the RMS value respecftively)
NOT|E "x" means "affects the functign®, "-" means “does not affect the function”.
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Annex G
(informative)

Notion of measurement uncertainty

General considerations

Annex G is intended to become normative for the next edition of this document.

For |this document, the level of confidence is 95,45 %, meaning that 95,45 % of

me
me

urements are expected to lie within the interval defined by the average of
urements plus or minus the calculated expanded uncertainty. This corresponds to

timels the standard deviation.

Anngx G provides information about how a number N of values measured on ohe PMD ca
to determinate the measurement uncertainty of that device. Using. 'measurement

use

the
the
two

n be
s to

deriye the uncertainty is generally referred to as “Type A" method of evaluation of uncertajinty.

Qu

The

ifying a product typically requires applying this procedure on several product samples|.

uncertainty of a measurement under certain operating, conditions is a value

characterizes the dispersion of the values that could feasonably be attributed to

meal
cert

The
diffe

In th

surand. It is a measure of the bounds within which & value may be reasonably (w
hin level of confidence) presumed to lie.

measurement uncertainty is not the measurement error, which characterizes
rence between a measured value and the conventional true value.

e calculations below, it is assumed that\the distribution of the measurements around

deviption shall be corrected appropriately (e.g. by dividing by V3 if the actual distributig

unif

G.2

me¥ reasonably follows a normal distribution. If this is not the case, the estimated stan

rm).

Computing the expanded uncertainty

i General

expanded uncertainty is an estimate of the uncertainty taking into account impo
meters such-as:

he number N of measured values available from the test

he/level of confidence desired for the uncertainty results

that
the
th a

the

their
dard
nis

tant

G.2.

2 Estimated Standard deviation

The sample standard deviation of the set of N measurements {xi}i=1..N is computed as
follows:
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G.2.3 Expanded uncertainty

The expanded uncertainty takes into account both the number N of measurements and the
desired level of confidence in the final uncertainty. The level of confidence indicates how
many of the measurements are likely to be within the calculated uncertainty limits.

The correction factor C(N) to be applied to the estimated standard deviation for the number of
measurements N is the Student t-factor. It compensates for the underestimation of the
standard deviation when calculated on a reduced set of measurements. It is specified
in Table G.1. Values not tabulated can be recalculated or interpolated from the tabulated
values.

Table G.1 — Correction factor C(N) for sample size N
Nfimber of measurements N Correction factor C,(N) for one Correction factor €,(N) for two
standard deviation standard devjations
3 1,321 4,527
4 1,197 3,307
5 1,142 2,869
6 1,111 2,649
7 1,091 2,517
8 1,077 2,429
9 1,067 2,366
10 1,059 2,320
11 1,053 2,284
12 1,048 2,255
13 1,043 2,231
14 1,040 2,212
15 1,037 2,195
16 1,034 2,181
17 1,032 2,169
18 1,030 2,158
19 1,029 2,149
20 1,027 2,140
30 1,018 2,090
40 1,013 2,066
50 1,010 2,052
100 1,005 2,026

The expanded uncertainty is calculated as:

UnCEXp = C2(N) - O

The estimated standard deviation and the expanded uncertainty are measures of the
dispersion of the measurements (taken in identical conditions) around their average value. It
characterizes the random error, sometimes called the precision of the measurement.
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Determining the measurement uncertainty

1 Systematic error

The systematic error is the difference between the conventional true value and the average of
the measured values. It can be determined as:

It c

Erfgyst = Xtrue — X

n he Irmqi'ri\/r:a Qar nngnfi\/n It can he DYII'\I’QQQQH in lnhycir‘al units or as a percentage o

the

true

The

accyracy of the reference meter should typically be better than the expected aceuracy o
PMD under test, by at least a factor 10.

The

systematic error significantly different from zero typically result frem imperfect or in
califjration in the operating conditions of the test, or from considering too small a numb¢
mealsurements.

G.3)2 Measurement uncertainty

The

chanacterized by both the systematic error and thesrandom error. A good measurement
mealsurement that is both true and precise.

Both indicators can be combined to provide @n estimate of the overall uncertainty, which
be ¢onsidered as the measurement uncertainty. The measurement uncertainty in absg
valug can be computed as:

This| concept is shown in Figure G.1.

The

value. In statistics, the systematic error is also called a bias.

conventional true value is typically estimated using a reference powerometer.

systematic error is a measure of the accuracy of the measurement. Values of

difference between the measurements and _the true value of the measuran

unc +unc
Exp

Meas - ‘errSyst

True value

The
the

the
alid
pr of

is a

will
lute

N measurements

> Measurements number

IEC

Figure G.1 — lllustration of the notion of measurement uncertainty

value of the measurement uncertainty depends on:
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and

NOTE—Qthersources-of uncertaintvarc normally taken into account-but-are disregarded-in-this edition-
Y Y )

G.4] Using the measurement uncertainty as a pass/fail criterion

G.4

The

ass

G.4

The|measurement uncertainty calculated for a test with influence quantities can be comp
to the intrinsic measurement uncertainty.

G4

Conjpliance(toa class requires that the product meet the performance requirements in tq

of both intriSic uncertainty and variation of uncertainty under influence quantities. Therefgre:

- 96 — IEC 61557-12:2018 © IEC 2018

the systematic error, reflecting the quality of the calibration of the product in the operating

conditions of the test,

the random error, reflecting the quality of the measurement process and the level of n
in the operating conditions of the test,

the number N of measurements made during the test,

the resolution of the measurement

therefore provides a good indicator of the overall quality of the measurement.

oise

4 uncertainty of the reference meter,

4 uncertainty on the estimated mean x due to a limited number of measurements.

il Intrinsic uncertainty tests

gss the class of the measurement.

If the measurement uncertainty is smaller than the specified uncertainty limit of class
1l the intrinsic uncertainty tests, then compliance to(glass C for intrinsinc uncertain
ranted.

mit for at least one of the intrinsic uncertainty:tests, compliance to class C is not gra
ind a larger class should be considered.

2 Tests with influence quantities

If the variation of measurement uncertainty is smaller than the specified limit of vari
of class C for all the testswith influence quantity, then compliance to class C is grante
the uncertainty under influence quantities.

B Overalltpass/fail criterion

8
!
Otherwise, i.e. if the measurement uncertainty{is greater than the specified uncertainty
I
8

measurement uncertainty calculated for each intrinsic uncertainty test conducted ng¢eds
to bg compared to the uncertainty limit specified in the intrinsic gneertainty table, in ord¢

er to

C for
ly is

nted

ared

Aition
d for

(therwise, compliance to class C is not granted and a larger class should be considered.

rms

Ifs«compliance to class C is granted as described above for both the intrinsic uncert
t With Tt Tantities, f |

Otherwise, compliance to class C is not granted, a larger class shall be considered.

This process is illustrated in Figure G.2.
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Partie 12: Dispositifs de comptage et de surveillance
du réseau électrique (PMD)

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalidation
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a| pour
bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les dompines
e I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie’des Normes internatiopales,
bs Spécifications techniques, des Rapports techniques, des Spécifications aceegssibles au public (PAS) dt des
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'étuded, aux
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisgtions
internationales, gouvernementales et non gouvernementales, en liaisén” avec I'lEC, participent égalemenft aux
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selor] des
nditions fixées par accord entre les deux organisations.

[aE=-N-N-N:Nw

O

bs décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
possible, un accord international sur les sujets étudiés; étant donné que les Comités nationaux de |I'I[EC
téressés sont représentés dans chaque comité d’études.

5

Les Publications de 'lEC se présentent sous la forme)de recommandations internationales et sont agféées
cpmme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que|l'lEC
s'lassure de I'exactitude du contenu technique desses’publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation'qui en est faite par un quelconque utilisateur final.

Dns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tolite la
mesure possible, & appliquer de fagon transparente les Publications de I'lEC dans leurs publications natiopales
el régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationalgs ou
rdgionales correspondantes doivent étre“indiquées en termes clairs dans ces derniéres.

L{IEC elle-méme ne fournit aucufie*attestation de conformité. Des organismes de certification indépenflants
fdurnissent des services d'éyaluation de conformité et, dans certains secteurs, accedent aux marquds de
cpnformité de I'lEC. L’'IEC n'estresponsable d'aucun des services effectués par les organismes de certifidation
indépendants.

Tpus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aldcune responsabilité_ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,

8)

9)

y|compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de ['IEC,
ppur tout préjadice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
nfture que/cevsoit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) gt les
deépenses \découlant de la publication ou de l'utilisation de cette Publication de I'IEC ou de toute fautre
Publication de I'lEC, ou au crédit qui lui est accordé.

L

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicgtions

rdférencées—est-eoblgatoe—pout
e+ HFeees—es5t-ouHgatoe—pott

Hhae—apaheatian—cors tadala nrdcanta nuhlication
HHe—appPHeateR-Eo+H te-Ge-—ra—preseRte—puBrHeatohs

L’'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61557-12 a eté etablie par le comité d'études 85 de I'lEC:
Equipement de mesure des grandeurs électriques et électromagnétiques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2007. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
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a) Suppression des PMD-A du fait que ces dispositifs sont a présent largement couverts par
la série de normes IEC 62586.

b) Création de trois catégories de PMD accompagnées d'une liste des fonctions minimales
exigées pour chacune des catégories.

c) Ajout d’'une nouvelle Annexe A décrivant les différentes applications associées aux
normes et dispositifs correspondants et d'une autre nouvelle Annexe C portant sur les
conventions du facteur de puissance.

Le texte de cette Norme internationale est issu des documents suivants:

Ler

abouiti a I'approbation de cette Norme internationale.

Ce ¢

Une
élec
— Di
cong

Le ¢
stab

’
rulo ~Ndppurt uc vulce

85/644/FDIS 85/649/RVD

hpport de vote indiqué dans le tableau ci-dessus donne toute information sur'le vote al

ocument a été rédigé selon les Directives ISO/IEC, Partie 2.

liste de toutes les parties de la série IEC 61557, publiées sous le titre général Séc
trique dans les réseaux de distribution basse tension jusgw’a™1 000 V c.a. et 1 500 V
spositifs de contréle, de mesure ou de surveillance de snesures de protection, peut
ultée sur le site web de I'lEC.

omité a décidé que le contenu de ce documentyne sera pas modifié avant la datg

yant

Lrité
c.c.
étre

e de

lit¢ indiquée sur le site web de I'IEC sous «http://webstore.iec.ch» dans les données
relafives au document recherché. A cette date, lexdocument sera

e rleconduit,

e gupprime,

e rlemplacé par une édition révisée, ol

e amendé.

IMPDRTANT - Le loge.'colour inside" qui se trouve sur la page de couverture de cqtte
publication indiqué gu'elle contient des couleurs qui sont considérées comme utiles a
une|lbonne compréhiension de son contenu. Les utilisateurs devraient, par conséqugnt,

imp

imer cettespublication en utilisant une imprimante couleur.
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INTRODUCTION

Les réseaux de distribution d’énergie ont besoin de garantir I'efficacité énergétique, la
disponibilité en énergie et les performances de réseau afin de faire face aux défis suivants:

La
dé

Les|dispositifs sur le marché actuel ont différenies caractéristiques, qui nécessiten
systeme de références commun. Par conséquent; I'élaboration du présent document
nécegssaire afin de faciliter les choix des utilisateurs finaux en matiére de performances
sécurité, d’interprétation des indications, ete, Le présent document fournit une base
spégification et a la description de tels dispositifs ainsi qu'a I'évaluation de |
perfprmances.

Pouf répondre aux exigences du projet d’efficacité énergétique, un bon nombre de dispo

de

pargmetres électriques peuvent,aussi collecter des données (eau, air, gaz, température |.
part|r d’autres capteurs qU,compteurs situés a l'intérieur des batiments ou des z@nes

d’implantation d’'usines. ll-est nécessaire d’équiper les PMD d'un bus de communication

qu’
sur
sur
dé

1

i

exigences de développement durable pour lesquelles le mesurage de I'énergie,

par

exemple, est reconnu comme un élément essentiel de la gestion énergétique, faisant
partie de I'effort global pour réduire les émissions de gaz carbonique et pour améliorer le
rendement commercial des organismes de fabrication, des organisations commerciales et

des services publics;

harmonique.

qurveillance des grandeurs électriques dans les réseaux{internes permet de relever
i

N

comptage et de surveillance™~du réseau électrique (PMD 1) chargés de mesurer

il soient en mesure de transmettre I'ensemble de ces données a un logicie
illance. Le logiciel de surveillance traite toutes les données collectées en vue de
iller et de générer des rapports utiles a I'analyse de I'utilisation et de la consommz

nergie.

votutrons—technotogigues—(charges—étectronagues,—méthodes—de—mesture—étectroniques,
etc.);

hesoins des utilisateurs finaux (économies de colts, conformité aux aspécts dg la
néglementation des constructions, etc.) par rapport a la gestion de I'énergie) électrique
ainsi que d'autres énergies, ou fluides. D’autres fonctionnalités impliquant plusigurs
parametres non électriques sont souvent nécessaires parallelement;

gécurité et continuité du service;

g@volutions des normes d’installation, par exemple la détection ‘des surintensités est a

présent une nouvelle exigence pour le conducteur de neutre’ en raison du contenu

ces

un
est
, de
a la
eurs

5itifs
les

N

) a

bour
de
les
aition

PMD = power metering and monitoring device,
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comptage et de surveillance du réseau électrique (PMD) qui mesurent. et/surveillent
grarldeurs électriques dans les réseaux de distribution électrique et, facultativement, d’ay
pux externes. Ces exigences définissent également les performancés dans les résg¢aux
fInatifs ou continus monophasés et triphasés ayant des tensions assignées inférieures ou

sign
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SECURITE ELECTRIQUE DANS LES RESEAUX DE DISTRIBUTION
BASSE TENSION JUSQU’A 1000V c.a. ET1500Vc.c. —
DISPOSITIFS DE CONTROLE, DE MESURE OU
DE SURVEILLANCE DE MESURES DE PROTECTION -

Partie 12: Dispositifs de comptage et de surveillance
du réseau électrique (PMD)

Domaine d’application

brésente partie de I'lEC 61557 spécifie des exigences relatives aux(dispositifs

de
les
tres

égales a 1 000 V en courant alternatif ou inférieures ou égales a 1500 V en courant continu.

Ces|dispositifs sont fixes ou portables. Ils sont destinés a<{étre utilisés a l'intérieur et/ou a

I'ext@rieur.

Les
dan
faci
dist

Les

parg

Le
cyb

Le présent document.itest pas applicable:

dispositifs de comptage et de surveillance du réseau électrique (PMD) tels que dé
$ le présent document donnent des informations supplémentaires sur la sécurité, cq
ljte la vérification de [l'installation et augmente les performances des réseaux
fibution.

dispositifs de comptage et de surveillance du réseau électrique (PMD) relatifs

présent document ne traite-'pas des aspects liés a la sécurité fonctionnelle et
grsécurité.

aux appareils, de/comptage d’électricité conformes a I'lEC 62053-21, a I'lEC 62053-2
[[IEC 6205323 et a I'lEC 62053-24. Néanmoins, les incertitudes définies dans le pré
documentpour le mesurage de I'’énergie active et réactive sont tirées de celles défi
dans IIEE62053 (toutes les parties);

qu mesurage et a la surveillance des parametres électriques définis dans I'lEC 61557

finis
qui
de

aux

metres électriques décrits dans lgZprésent document sont utilisés pour des applicafions
indujstrielles et commerciales générates.

a la

2,a
sent
nies

2a

[[IEE"61557-9 et dans I'lEC 61557-13 ou dans I'lEC 62020;

aux instruments de qualité de I'alimentation (PQI — power quality instrument) conformes a

I'lEC 62586 (toutes les parties);

aux dispositifs relevant des domaines d'application de I'lEC 60051(toutes les parties)

(appareils de mesure électriqgues analogique a action directe).

NOTE 1 Ces types de dispositifs sont généralement utilisés dans les applications ou pour les besoins généraux
suivants:

gestion énergétique a l'intérieur de I'installation, y compris la facilitation de la mise en ceuvre des documents

tels que I''SO 50001 et I'lEC 60364-8-1;
surveillance et/ou mesurage des parametres électriques;

mesurage et/ou surveillance de la qualité de I'énergie a l'intérieur des installations commerciale
industrielles.

S ou
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NOTE 2 Un dispositif de mesure et de surveillance des parametres électriques se compose généralement de
plusieurs modules fonctionnels. Tous les modules fonctionnels ou une partie de ces modules sont combinés en un
dispositif. Exemples de modules fonctionnels:

— mesurage et surveillance de plusieurs parametres électriques simultanément;

— mesurage et/ou surveillance de I'énergie ainsi que, parfois, conformité a la réglementation des constructions;

— fonctions d’alarmes;

— qualité du co6té consommation d’énergie (harmonigques de courant et de tension, surtensions/sous-tensions,
creux de tension et surtensions temporaires, etc.).

NOTE 3 Les PMD sont traditionnellement appelés wattmétres, contréleurs de puissance, dispositifs de controle
de la puissance, dispositifs de surveillance de I|‘énergie électrique, analyseurs de puissance, compteurs
multifanctions, équipements de mesure multifonctions, compteurs d'énergie

NOTIE 4 Les applications de comptage, de mesure et de surveillance sont expliquées a I'Annexe A.
2 [Reéférences normatives

Les |documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des|exigences du présent document. Pour les références datées, seule I'édition ¢itée
s'applique. Pour les références non datées, la derniére édition du¢document de référ¢nce
s'applique (y compris les éventuels amendements).

IEC|60068-2-1, Essais d'environnement — Partie 2-1: Essais - Essai A: Froid
IEC60068-2-2, Essais d'environnement — Partie 2-2: Essais — Essai B: Chaleur séche

IEC60068-2-30, Essais d'environnement — Partie 2-30: Essais — Essai Db: Essai cycliquge de
chalgur humide (cycle de 12 h + 12 h)

IEC (60529, Degrés de protection procurés parles enveloppes (Code IP)

IEC61000-4-30:2015, Compatibilité - électromagnétique (CEM) — Partie 4-30: Techniques
d’espai et de mesure — Méthodes de ‘mesure de la qualité de I'alimentation

IEC[61010-1:2010, Regles de_sécurité pour appareils électrigues de mesurage, de régulgtion
et d¢ laboratoire — Partie 1(Exigences générales
IEC161010-1:2010/AMD1:2016

IEC|61010-2-030:2017, Exigences de sécurité pour appareils électriques de mesurage|, de
régylation et de laboratoire — Partie 2-030: Exigences particuliéres pour les appareils équjipés
de cjrcuits d'essai'ou de mesure

IEC|61326-<1:2012, Matériel électrique de mesure, de commande et de laboratoine -
Exig1ences relatives a la CEM — Partie 1: Exigences générales
IEC 62053-31:1998, Equipement de comptage de ['électricité (c.a.) — Prescriptions

particuliéres — Partie 31: Dispositifs de sortie d’'impulsions pour compteurs électromécaniques
et électroniques (seulement deux fils)

3 Termes, définitions et notations

Pour les besoins du présent document, les termes, définitions et notations suivants
s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:
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e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Définitions générales

3.1.1

dispositif de comptage et de surveillance du réseau électrique
PMD

combinaison en un ou plusieurs dispositifs de plusieurs modules fonctionnels destinés a
mesurer et a surveiller les parameétres électriques dans les réseaux de distribution d'énergie
ou les installations électriqgues, utilisés pour des applications telles que [I'efficacité
énefgétique, la surveillance de I'alimentation et les performances du réseau

Note|l a l'article: Le terme générique «surveillance» englobe également les fonctions d’enregistremenyt, de
gestipn d’alarme, etc.

Note|2 a l'article: Ces dispositifs peuvent inclure des fonctions de qualité du c6té consommation-d’'énergie pgur la
survdillance a I'intérieur des installations commerciales ou industrielles.

Note|3 a l'article: L’abréviation «<PMD» est dérivée du terme anglais développé correspondant «power mefering
and monitoring device».

3.1.2
fongtions d’évaluation de la qualité de I’alimentation
fonctions d'évaluation de la qualité de l'alimentation doni<les méthodes de mesure [sont
défimies dans I'lEC 61000-4-30

3.1.8
cOtd4 génération d’énergie
partle du réseau ou I'énergie électrique ¢(est produite, transmise et distribuée |aux
congommateurs finaux par le biais du réseau de distribution public

Note|l a l'article: Cette définition englobe les .microréseaux, les générateurs décentralisés ou les générdteurs
d’éndrgie renouvelable.

3.1.4
c6t§ consommation d’énergie
partle du réseau ou I'énergiecélectrique est utilisée par les consommateurs finaux dans|leur
systeme de distribution électrique

3.1.%
point de couplage.commun
PCd
point d'un réseau d'alimentation électrique, le plus proche électriquement d’'une chparge
part{culiere,\aliquel d'autres charges sont ou peuvent étre connectées

Note |L @/ L'article: Ces charges peuvent étre soit des dispositifs, appareils ou systémes, soit des installgtions
distinctes de clients

Note 2 a l'article: Pour certaines applications, le terme «point de couplage commun» s’applique uniquement aux
réseaux publics.

[SOURCE: IEC 60050-161:1990, 161-07-15]

3.1.6

qualité de I'alimentation

caractéristiques du courant, de la tension électrique et de la fréquence en un point donné
d’'un systeme d’énergie électrique évaluée selon un ensemble de parametres techniques de
référence

Note 1 a l'article: Ces parametres pourraient, dans certains cas, se rapporter a la compatibilité entre I'électricité
fournie sur un réseau d’énergie électrique et les charges raccordées a ce réseau d’'énergie électrique.
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[SOURCE: IEC 60050-617:2009, 617-01-05]

3.1.7

capteur externe dédié

capteur propriétaire externe capable de fonctionner seulement avec une gamme de PMD
spécifiés par le fabricant

3.1.8
capteur de courant
Cs

d|sp sitif nlnr\fnnno mannnhnno nnhnnn ou-—autre rhcnnc|f|f destiné-a-transmettre—un-signal
! I

corrgspondant au courant C|rculant a travers le circuit prlma|re de ce dispositif

Note|l a l'article: Un transformateur de courant (CT — current transformer) est en général un capteur*de courant
magrjétique.

Note |2 a I'article: L’abréviation «CS» est dérivée du terme anglais développé correspondant «current sensorx.

3.1.9
tengion disponible
valeur de la tension pouvant étre développée a la sortie analogique‘de courant, tout en étant
conforme a I'exigence de la spécification d’incertitude pour cette sortie

Note |1 a I'article: Cette définition s’applique aux signaux de sortie analogigdes de courant.

3.1.10

capleur de tension
VS
disppsitif électrique, magnétique, optique ou autre dispositif destiné a transmettre un signal
correspondant a la tension a travers les bornes primaires de ce dispositif

Note|1l a l'article: Un transformateur de tension (VT — voltage transformer) est en général un capteur de tepsion
magrétique.

Note |2 & I'article: L’abréviation «VS» est dérivée du terme anglais développé correspondant «voltage sensorp.

3.1.11
PMD autoalimenté
équipement dont les bornes de mesure servent également de bornes pour son alimentation

3.1.12

alimentation auxiliaire
circuit d’alimentation externe, en courant alternatif ou courant continu, qui alimente le PMD
par fles bornes.dédiées, séparées des entrées de mesure du PMD

3.1.13

PMD alimenté par transformateur
PMD destiné a étre connecté au(x) circuit(s) mesuré(s) par un ou plusieurs transformateurs
externes de mesure

Note 1 a l'article: Le PMD alimenté par transformateur correspond au PMD Sx ou PMD xS dans le présent
document.

3.1.14

élément indicateur primaire

élément indicateur d'un compteur qui tient compte des rapports de transformation de tous les
transformateurs de mesure (tension et courant) alimentant le compteur

Note 1 a l'article: La valeur de I'énergie du c6té primaire des transformateurs est obtenue par la lecture directe de
I'élément indicateur.
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[SOURCE IEC 62053-52:2005, 3.4]

3.1.15

élément indicateur semi-primaire
élément indicateur d'un compteur qui tient compte du (des) rapport(s) de transformation du
(des) transformateur(s), soit de courant, soit de tension alimentant le compteur

Note

1 a l'article: La valeur de I'énergie du cdté primaire du (des) transformateur(s) est obtenue en multipliant par
un facteur approprié la lecture de I'élément indicateur.

[SOURCE IEC 62053-52:2005, 3.5]

3.2

3.2.
con
enseg

Définitions relatives a l'incertitude et a la performance

|
Jitions de référence
emble approprié de valeurs et/ou de domaines de valeurs spécifiés ./des grand

d’influence pour lequel les plus petites incertitudes permissibles d'un appareil de mesure

Spéq

Note
référ
fonct

[SO

3.2.
mes
gran

ifiées

1 a l'article: Les domaines de valeurs spécifiés pour les conditions deréférence, appelées domaing
bnce, ne sont pas plus larges, et sont généralement plus étroits, que ceux’spécifiés pour les conditio
onnement assignées.

URCE: IEC 60359:2001, 3.3.10]

p

urande (grandeur mesurée)
deur faisant I'objet de la mesure, évaluée dans I'état ou se trouve le systéeme me

pendant la mesure elle-méme

[SO

3.2.
inceg
parg
attri

Note
systé

3.2.1

inceg
ince

Note

JRCE: IEC 60359:2001, 3.1.1, modifiée — les notes ont été enlevées.]

B
rtitude

meétre, associé a une mesure, qui caractérise la dispersion des valeurs qui peut
huée au mesurande

1 a l'article: Dans_deprésent document, l'incertitude de mesure inclut les composantes issues d’
matiques et d’effets ‘al€atoires.

|
rtitude intrinséque
rtitude 'd'un appareil de mesure lorsqu'on l'utilise dans les conditions de référence

1. Jarticle: Dans le présent document, il s’agit d'un pourcentage de la valeur mesurée définie da

plag

eurs
sont

s de
s de

suré

étre

pffets

S sa

assignée et avec les autres grandeurs dinfluence dans les conditions de référence sauf indication caont
T ) T

aire.

[SOURCE: IEC 60359:2001, 3.2.10, modifiée — une note a été ajoutée]

3.25

grandeur d'influence
grandeur qui n’'est pas l'objet de la mesure, et dont la variation affecte la relation entre
I'indication et la mesure

Note

1 a l'article: Les grandeurs d’influence peuvent provenir du systéme de mesure, de I'appareil de mesu

de I'environnement [VEI].

Note
il est

re ou

2 al'article: Comme le diagramme d’étalonnage dépend des grandeurs d’'influence, pour assigner la mesure,

nécessaire de savoir si les grandeurs d’influence applicables sont dans la plage spécifiée [VEI].

[SOURCE: IEC 60359:2001, 3.1.14, modifiée — la note 3 a été enlevée.]
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3.2.6

variation
<d'une seule grandeur d’'influence> différence entre la valeur mesurée dans les conditions de
référence et toute valeur mesurée comprise dans la plage d’influence

Note

1 a l'article: 1l convient que les autres caractéristiques de performance et les autres grandeurs d’influence
restent dans les plages spécifiées pour les conditions de référence.

3.2.7
conditions de fonctionnement nominales
ensemble de conditions devant étre remplies pendant la mesure pour qu'un diagramme

d'éta:ul nmrayc OUIt va:ab:c

Note

grand
perfol
grand

[SO

3.2.
inceg
ince

Note
I'utili
d'ung
mais
dans
propa

Note
de m

Note
perfo

Note
déve

3.2.

incdg
ince

1 a l'article: Outre I'étendue de mesure spécifiée et les domaines de fonctionnement assigdésvpoy
eurs d’'influence, les conditions peuvent comprendre des domaines spécifiés d’autres carasctéristiqug
Fmances de fonctionnement et d’autres indications qu’il est impossible d’exprimer sous forme\de/domain
eurs.

URCE: IEC 60359:2001, 3.3.13]

8
rtitude de fonctionnement

1 a l'article: L’incertitude de fonctionnement, comme linceftitude intrinséque, n'est pas évaluéq
ateur de I'appareil, mais déclarée par son fabricant ou sopn.étalonneur. Cette mention peut revétir la {
relation algébrique impliquant l'incertitude intrinséque et les _yaleurs d'une ou plusieurs grandeurs d’inflU
une telle relation est seulement un moyen commode d'expfimer un ensemble d'incertitudes de fonctionng
différentes conditions d'utilisation, et non pas une.relation fonctionnelle pouvant servir a évalu
gation de l'incertitude a I'intérieur de I'appareil.

2 a l'article: Une incertitude de fonctionnement.refléte la qualité de la conception d’un appareil, et n’es
Eme nature qu'une classe de performance ou un€ incertitude intrinseque.

3 a l'article: L’incertitude de fonctionnement peut étre supérieure a I'incertitude intrinséque et a la clas
Fmance.

4 a l'article: Le concept de l'incertitude de fonctionnement est lié au concept d’erreur maximale admig
oppé par d’autres documents,s\qui“est calculé a partir de trois grandeurs d’influence uniquement.

D
rtitude globale
rtitude constituée—/de I'incertitude de plusieurs appareils distincts (capteur de tens

cap

3.2.10

claslse desperformance de fonctionnement
nomppre justifiant la performance d’'une seule fonction, dépendant de l'incertitude intrinsé
de la\fonction, prenant en compte une étendue de mesure spécifiée et des limiteg

ur de courant'et PMD)

r les
s de
ps de

rtitude calculée en tenant compte de lincertitude intrinseque et des incertitlides
supplémentaires occasionnées par les grandeurs d’'influence/définies

par
orme
ence,
ment
er la

t pas

e de

sible

sion,

bque
de

variations dues aux grandeurs d’influence spécifiées

Note

1 a l'article: Dans le présent document, C représente la valeur numérique de la classe de performance de
fonctionnement (par exemple, C = 0,2).

3.2.11

fréquence assignée

fn

valeur de la fréquence pour laquelle la spécification du PMD est formulée
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3.2.12

courant assigné

In

valeur du courant pour laquelle la spécification d’'un PMD comprenant un capteur de courant
externe (PMD Sx) est formulée

3.2.13

courant de base

Iy

valeur du courant pour laquelle la spécification d’'un PMD a branchement direct (PMD Dx) est
formulée

3.2.14
coufant de démarrage

|
st
valepr la plus basse du courant pour laquelle le PMD démarre et enregistre continlment

[SOURCE: IEC 62052-11:2003, 3.5.1.1, modifiée — «compteur» a été remplacé par «<PMD».]

3.2.15

coufant maximal
Imax X ¢ A X i
valepr la plus grande de courant pour laquelle le PMD satisfait’aux exigences d’incertitude du
prégent document

3.2.16
tendion assignée
U

n
valepr de la tension en fonction de laquelle certaines des caractéristiques du PMD sont fiXées

Note|l a l'article: En fonction du réseau de distribution et de sa connexion au PMD, cette tension peut étre doit la
tensipn entre phases, soit la tension phase-neutfe.

3.2.17
tendion nominale
U

nom
valeur arrondie appropriée de la tension utilisée pour dénommer ou identifier un réseau

[SOURCE: IEC 60050-601:1985, 601-01-21]

3.2.18
tengion minimale
Umir
valepur, de_tension la plus basse pour laquelle le PMD satisfait aux exigences d’incertitudg du
prégent-document

U

3.2.19
tension maximale

U
max
valeur de tension la plus grande pour laquelle le PMD satisfait aux exigences d’incertitude du

présent document

3.2.20
tension résiduelle

U
res
valeur minimale de U enregistrée au cours d'un creux ou d’'une coupure de tension

Note 1 a l'article: La tension résiduelle est exprimée sous la forme d'une valeur, exprimée en volts, ou d'un
pourcentage ou d’une fraction de la tension assignée.
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3.2.21

tension d'entrée déclarée

Udin

valeur obtenue a partir de la tension d’alimentation déclarée d'un rapport de transformation

[SOURCE: IEC 61000-4-30:2015, 3.2]

3.2.22
tension de référence glissante

puis

ique
ave¢ un temps de réponse exponentiel, pour unevcharge constante donnée, l'indication
donnée représentant 90 % de la moyenne actuelle.sur un temps spécifié

Note |1 a I'article: Le temps est spécifié par le fabricanthabituellement 15 min.

3.2.26
valgur moyenne en triphasé
dang un réseau a trois ou quatre fils, moyenne arithmétique de toutes les valeurs de phasg

3.2.27

valgur maximale
valepr la plus élevée mesurée ou calculée depuis le début du mesurage ou depuis la derniére
réinitialisation

3.2.28

valgur minimale
valepr la plus)basse mesurée ou calculée depuis le début du mesurage ou depuis la derniére
réinitialisation

3.2.29
intervalle
laps de temps utilisé par le PMD pour intégrer des valeurs efficaces ou instantanées, afin de
calculer les valeurs moyennes

3.3 Définitions relatives aux phénoménes électriques

3.3.1

courant de phase

|

valeur du courant circulant dans chaque phase d’'un réseau de distribution électrique
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3.3.2
courant de neutre

I
N
valeur du courant de neutre d’'un réseau de distribution électrique

3.3.3

tension entre phases

tension composée

U

tension entre conducteurs de phase

[SOURCE: IEC 60050-601:1985, 601-01-29]

3.3.4
tengion phase-neutre
tengion simple

Y
tensjon entre un conducteur de phase d'un réseau polyphasé et le point neutre

[SOURCE: IEC 60050-601:1985, 601-01-30]

3.35%
fréguence
f
valepur de la frequence mesurée d’'un réseau de distribution électrique

3.3.6
factpur de puissance
PF

en régime périodique, rapport de la valeur de la puissance active a la puissance apparent

Note |1 a l'article: Ce facteur de puissance n'est pas le facteur de puissance de déplacement. Les deux typ

facteprs de puissance sont différents en termes d’harmoniques.

Note|2 a I'article: L'abréviation «PE»rest dérivée du terme anglais développé correspondant «power factor».

[SOURCE: IEC 60050-131:2002 131-11-46, modifiée — la formule dans la définition n'a

été Inclue, la note 1 a été modifiée et une note 2 a été ajoutée.]

3.3.7
amplitude du ceurant harmonique

Ih

valeur de I'amplitude du courant aux fréquences harmoniques dans le spectre obtenu a g

de la transformée de Fourier d’'une fonction temporelle

11”4

bs de

pas

artir

3.3.
amplitude de la tension harmonique
u

partir de la transformée de Fourier d’une fonction temporelle

3.3.9
harmoniques stationnaires

h
valeur de I'amplitude de la tension aux fréquences harmoniques dans le spectre obtenu a

<tension et courant> contenu harmonique du signal, la variation d’amplitude de chaque
composante harmonique restant constante a + 0,1 % de Il'amplitude de la composante

fondamentale
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3.3.10

harmoniques quasi-stationnaires
<tension et courant> contenu harmonique du signal dans lequel la variation d’amplitude de
chaque harmonique pour 10 cycles (réseaux de 50 Hz) ou 12 cycles (réseaux de 60 Hz)
contigus reste constante a + 0,1 % de I'amplitude de la composante fondamentale

3.3.11
sous-harmoniques
<tension et courant> composante interharmonique dont le rang est inférieur a un

erses

de

Note 1.3 l'article: Dans le présent document, les composantes sous-harmoniques sont limitées aux rangs inv

d'un gntier.

[SOURCE: IEC 60050-551:2001, 551-20-10, modifiée - le terme a été changé
«colposante sous-harmonique» a «sous-harmoniques» et le domaine a été indigué.]

3.3.12

pap(llotement

impilession d’instabilité de la sensation visuelle due a un stimulus lumifielix dont la luminance
ou lg répartition spectrale fluctuent dans le temps

[SOURCE: IEC 60050-161:1990, 161-08-13]

3.3.13

creyx de tension

bais

e temporaire de la tension en un point du réseau de distribution d‘énergie électriqu

dessous d’un seuil donné

Note
peuv

Note

1 & l'article: Les interruptions sont un cas particulier des creux de tension. Des traitements ulté
bnt étre utilisés pour faire la distinction entre creux‘de tension et interruption.

2 a l'article: Dans certaines parties du monde, un creux de tension est appelé «sag» en anglais. Les

termgs sont considérés comme interchangeablesy cependant, le présent document n'utilisera que le terme cre

tensi

3.3.
surt

DN.

| 4
ensions temporaires

augmentation temporaire de’ la tension en un point du réseau de distribution d‘éng

élec

3.3.

frique au-dessus d’'un seuil donné

|5

tengion efficacerafraichie a chagque demi-cycle

Urm
vale
com

Note

(*2) : . . R .
ur de la\tension efficace mesurée sur 1 cycle, commengant a un passage par z€ro ¢

posante fondamentale, et rafraichie & chaque demi-cycle

£ en

ieurs

deux
Lx de

rgie

e la

1 l'article- Ceatie fnr-hniqnn ast indépnndnnrn SUL l‘haqlln chalne de - mestre-ot prnrhnir des-valeurs-offi

aces

a des instants successifs sur chaque chaine en cas de réseaux polyphasés.

Note 2 a l'article: Cette valeur efficace de la tension peut étre une valeur entre phases ou entre phase et neutre.
3.3.16

tension efficace rafraichie a chaque cycle

Urms(l) . . ; L

valeur de la tension efficace mesurée sur 1 cycle et rafraichie a chaque cycle

Note 1 a I'article: Au contraire de I’Urms(%), cette technique ne définit pas I'instant de début de cycle.

Note 2 a I'article: Cette valeur efficace de la tension peut étre une valeur entre phases ou entre phase et neutre.
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3.3.17

coupure de tension

baisse de la tension en un point du réseau de distribution d‘énergie électrique en dessous
d’un seuil de coupure donné

3.3.18

déséquilibre de tension en amplitude et en phase

dans un réseau triphasé, état dans lequel les valeurs efficaces des tensions entre
conducteurs (composante fondamentale), ou les différences de phase entre conducteurs ne
sont pas toutes égales

Note|1 a l'article: Le taux de déséquilibre s’exprime habituellement par le rapport de la composante inverse ou
homdpolaire a la composante directe.

Note|2 a I'article: Dans le présent document, le déséquilibre de tension est relatif aux réseaux triphasés.

3.3.19

désgquilibre de tension en amplitude
dan$ un réseau triphasé, état dans lequel les valeurs efficaces des tensions gntre
conducteurs (composante fondamentale) ne sont pas toutes égales.

Note|l a I'article: La phase relative entre les tensions entre conducteurs n’est pas prise en compte.

Note|2 a I'article: Dans le présent document, le déséquilibre de tension esyrelatif aux réseaux triphasés.

3.3.20

surtension transitoire
surténsion de courte durée, ne dépassant pas quelgies millisecondes, oscillatoire ou pon,
géng¢ralement fortement amortie

Note|l & l'article: Les surtensions transitoires peGvent étre suivies immédiatement par des surtensions
temppraires. Dans ce cas, les deux types de surtensions sont considérés comme des événements séparés.

Note|2 a l'article: L'IEC 60071-1 définit trois types de surtensions transitoires, appelées surtensions a front| lent,
surtepsions a front rapide et surtensions a front trés rapide en fonction de leur durée jusqu'a la valeur de ¢réte,
durée¢ de queue ou durée totale, et de la possibilité d'oscillations superposées.

[SOURCE: IEC 60050-604:2016,-604-03-14]

3.3.21
factpur de créte
rapgort de la valeur-de/créte a la valeur efficace

3.4 | Définitions relatives aux techniques de mesure

3.4.1
fendtre de mesure
intefvalle de temps pendant lequel un seul mesurage est effectué, exprimé en secondep ou
en nombre de cycles fondamentaux

Note 1 a l'article: La durée de la fenétre de mesure peut étre fixe ou variable en fonction de la technique de
mesure.

3.4.2

mesurage sans discontinuité

technique de mesure dans laquelle le mesurage est effectué de maniére continue sans
discontinuité, c’est-a-dire en utilisant des fenétres de mesure contiglies

Note 1 a l'article: Pour les techniques numériques et pour une fréquence d'échantillonnage donnée, aucun
échantillon n’est absent du traitement de mesure.

Note 2 a l'article: Lorsque des techniques de mesure sans discontinuité sont utilisées, aucune hypothése n’est
émise concernant la stabilité du signal, par opposition aux techniques de mesure avec interruption, dans lesquelles
le signal est considéré comme stable pendant la durée ol aucun mesurage n’est effectué.
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3.5 Notations

3.5.1 Fonctions

Symbole Fonction
P puissance active totale
E, énergie active totale
Qa/Qy puissance réactive totale arithmétique / puissance réactive totale vectorielle
Ea/Ey énergie réactive totale arithmétique / énergie réactive totale vectorielle
Sa /Sy puissance apparente totale arithmétique / puissance apparente totale vectorielle
EapA EapV énergie apparente totale arithmétique / énergie apparente totale vectorielle
f fréquence
| courant de phase (Ip: courant sur la phase p)
INTALY 1S courant de neutre mesuré / courant de neutre calculé
U tension entre phases (Upg: tension phase p a phase g)
\Y tension phase-neutre (Vp: tension phase p a neutre)
PF, /|PF, facteur de puissance arithmétique / facteur de puissance vectoriel

NOTE PF,, = cos(¢) lorsqu'aucune harmonique n'est présente.

Po !/ Py papillotement de courte durée / papillotement de longue durge
Udip creux de tension entre phases (Upgdip: creux phase p a phaseg’g)
Vdip creux de tension phase-neutre (Vp dip* Creux de tensjon‘phase p a neutre)
Ugui surtensions temporaires entre phases (Upgswl: suriensions temporaires phase p a phase g)
Ve surtensions temporaires phase-neutre (Vp swiSUrtensions temporaires phase p a neutre)
U, surtensions transitoires entre phases (Upg fo-surtensions transitoires phase p a phase g)
Vi surtensions transitoires phase-neutre (Vp .+ surtensions transitoires phase p a neutre)
Uint coupures de tension entre phases (Upgim: coupures de tension phase p a phase g)
Vint coupures de tension phase-neutte (Vp int- COUpures de tension phase p a neutre)
U déséquilibre de tension en. amplitude et en phase entre phases (Upg o' Phase p a phase g)
Vb déséquilibre de tension.'en amplitude et en phase phase-neutre (Vp np- Phase p a neutre)
|nb phase et amplitudé dir déséquilibre de courant

nba déséquilibre de tension en amplitude entre phases (Upgnba: phase p a phase @)

nba déséquilibrerde tension en amplitude phase-neutre (Vp nba' Phase p a neutre)
Inba amplitude.du déséquilibre de courant
U, harma@niques de tension entre phases (Upg n: Phase p a phase g)
v, harmoniques de tension phase-neutre (Vp n: Phase p a neutre)
THD | taux de distorsion harmonique total de la tension entre phases par rapport a la fondamentale
THD-Ry taux de distorsion harmonique total de la tension entre phases par rapport a la valeur efficace
THD, taux de distorsion harmonique total de la tension phase-neutre par rapport a la fondamentale
THD-R, taux de distorsion harmonique total de la tension phase-neutre par rapport a la valeur efficace
THD-R taux de distorsion harmonique total du courant par rapport a la valeur efficace

3.5.2 Symboles et abréviations

%U,,
%I,

%I,

pourcentage de U
pourcentage de I

pourcentage de I
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3.5.3 Indices

soit
sion,
de

a actif

r réactif

ap apparent

n assigné

b de base

nom nominal

N neutre

c catcute

h harmonique

i courant

u tension

dip creux

swl swells (surtensions temporaires)

tr transitoire

int interruption (coupure)

nb unbalance (déséquilibre)

nba amplitude unbalance (déséquilibre en amplitude)

A arithmétique

\% vectoriel

min valeur minimale

max valeur maximale

avg average value (valeur moyenne)

peak peak value (valeur créte)

res résiduel

4 Exigences

4.1 | Exigences générales

Les lexigences suivantes doivent s’appliquer sauf spécification contraire dans la suite du texte.
4.2 | Architecture générale d’'un PMD

Archlitecture* de la chaine de mesure: la grandeur électrique a mesurer peut étre
dire¢tement accessible, comme c'est généralement le cas dans les réseaux basse teng
soit |aceessible par l'intermédiaire d’'un capteur de mesure, par exemple les capteur
tension (VS) ou les capteurs de courant (CS).

La Figure 1 représente 'architecture courante d’'un PMD.

Dans certains cas, quand un PMD n’inclut pas les capteurs, leurs incertitudes associées ne
sont pas prises en compte. Lorsqu'un PMD inclut les capteurs, leurs incertitudes associées

sont

prises en compte.
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T Protocole de communication

L —

Gestion de la
communication '

baet .

l - T TS T
Unité de Unité I uniee

Capteurs de l Unité
—4>| mesure —AP d'acquisiton J—™] traitement T’ d'évaluation _bl draffichage

4 (voir Note 1) | - :
. - " L__BE o _ax
: : '(.Bestlon des E/S'
tout ou rien '
- TS TS -
; : : E/S toltjou rien
Signgux électriques Signal d’entrée Résultats de
d’'entrée a mesurer mesure IEC
NOTIE 1 Il n'est pas nécessaire d’'inclure dans le PMD les éléments représentés dans les cases en pointillé.

NOTE 2 Les E/S sont des sighaux analogiques et/ou numériques avec*alarmes.

Figure 1 — Chaine de mesure générique d'un PMD

4.3 | Classification des PMD

Les |PMD sont classés selon les applications-définies dans le Tableau 1.
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Tableau 1 — Classification fonctionnelle des PMD avec des fonctions minimales exigées

Type de PMDP

Symbole des PMD-I PMD-II PMD-III
fonctionnalités?® Efficacité énergétique | Surveillance de base Surveillance avancée de
de I'installation I'installation/performance du
réseau
P [ [ ]
0 n n
S | | | |
E, [ [ [ ]
E, [ [ ]
Eap ]
f |
| | ]
I n
U et/ou V u u
PF u u
THD, et/ou THD,, et/ou -
T '|D-Ru et/ou THD-RV
[HD, et/ou THD-R, n

a8 Beules les grandeurs totales sont obligatoires.

b Pour les PMD autres que PMD-I, PMD-II et PMD-III et qui Sont dénommés PMD-x, d’autres combinaison

onctions sont autorisées et doivent étre spécifiées par le fabricant.

de

4.4 | Structure des PMD

4.4.1 Structure des PMD avec capteurs

Les [PMD peuvent inclure des eapteurs internes, ou nécessiter des capteurs externes, cofnme

reprgsenté a la Figure 2. Selon ces caractéristiques, ils peuvent ainsi étre classés en qy

catéjgories comme défini dans le Tableau 2.

Tableau 2 — Structure des PMD

atre

Mesurage du courant
PMD avec capteur externe PMD & branchement direcf
(capteurs de courant a (capteurs de courant a I'intérfieur
I’extérieur du PMD) du PMD)
= PMD Sx = PMD Dx

c PMD a branchement direct PMD SD PMD DD
'?, (capteurs de tension a . - ) .
2 I'intérieur du PMD) (Insertion semi-directe) (Insertion directe)
(5]
© 2 PMD xD
()
° PMD avec capteur externe PMD SS PMD DS
o capteurs de tension a L . .
2 ( I‘gxtérieur du PMD) (Insertion indirecte) (Insertion semi-directe)
=}
@ 2 PMD xS
=
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——U——9 +—U—o
—P—e 4P —>
PMD SD PMD DD
Unités d'acquisition Unités d’acquisition
et de traitement = ! Capteur et de traitement |
de '
<o— | courant

NOT
étre

condition qu’il soit conforme aux exigences des PMD\8xet Dx (respectivement PMD xS et xD).

4.4.

un

spégifiées, méme lorsqu'une_bu deux des trois phases sont déconnectées.

4.5

Le Tlableau 3 spécifie les classes de performance applicables.

U D
Capteur *U— ol —
de Capteur
PMD SS tension PMD DS de
_ o -— Lo tension
Unités d’acquisition Unités d’acquisition & —®
et de traitement et de traitement
<&—Il—— capteur [
de

k < cou‘rant K

F Un PMD spécifié comme un PMD Dx (respectivement PMD xD) peut parfois, dans certaines condi

utilisé comme un PMD Sx (respectivement PMD, xS) lorsqu’il est utilisé avec des capteurs extern

Figure 2 — Description des différents types de PMD

p Exigences relatives au PMD autoalimenté

PMD autoalimenté triphasé doit effectuer le mesurage dans les limites d’exacti

Liste des clasSes de performance applicables

IEC

ions,
Bs, a

tude
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Tableau 3 — Liste des classes de performance applicables

Energie active 0,2 0,5 1 2
Puissance active 0,1 0,2 0,5 1 2 2,5
Energie réactive 2
Puissance réactive 1 2
Energie apparente 0,2 0,5 1 2
Puissance apparente 0,2 0,5 1 2
Fréquence 0,02 0,05 0,1 0,2 0,5
Coufant de phase 0,05 0,1 0,2 0,5 1 2
Coufant de neutre mesuré 0,2 0,5 1 2
Coufant de neutre calculé 0,1 0,2 0,5 1 2
Tengion 0,05 0,1 0,2 0,5 1 2
Facteur de puissance 0,5 1 2 5
Pap{llotement 5
Mesprage de creux de tension et

. ) 0,5 1 2
de sprtensions temporaires
Surtensions transitoires 0,5 1 2
Désgquilibre de tension 0,2 0,5 1
Harmoniques de tension 1 2 5
Taux de distorsion harmonique
totall (THD - total harmonic 1 2 5
distqrtion) de la tension
Désgquilibre de courant 0,2 0,5 1
Harmoniques de courant 1 2 5
Taux de distorsion harmonique
totall (THD - total harmonic 1 2 5
distqrtion) du courant
Les lexigences relatives auxX performances d’'un PMD associé a un capteur externe dédié sont
les émes que pour un PMD a branchement direct. Chaque combinaison d’'un PMD asso¢ié a
un ¢apteur externe dégié doit étre considérée comme un PMD DD qui doit satisfaire|aux
exigences de performance du présent document.
EXEMPLE Si un-Aabricant fournit trois différents types de capteurs dédiés (par exemple, un CT (transformatejur de
courgnt) dédié,de100 A, un CT dédié de 500 A et un CT dédié de 1 000 A), ce fabricant fournira trois diffdrents
rappgrts d’'essais’de type de performance (un pour les essais liés au PMD associé au capteur dédié de 100 A, un
pour |les essais liés au PMD associé au capteur dédié de 500 A et un troisieme pour les essais liés au |PMD
asso¢ié au_capteur dédié de 1 000 A). Le fabricant doit fournir une justification appropriée (par exemple| des
résulfatside simulation, des résultats d’essai existants, des notes de calcul, des schémas...) pour I'extrapolation

£ ; . H N ; " it
deS FCIIUIIIIQIIbCD STLTTLANTS TSSAlS PITYySTYUTS TIT SUTTL JdAds TTAllsTo.

NOTE L’Annexe E et I'Annexe F fournissent des recommandations relatives a I'association d’'un PMD avec un
capteur Annexe F.

4.6

4.6.1

Le Tableau 4 spécifie les conditions de référence pour les essais:

Conditions de référence et de fonctionnement pour les PMD

Conditions de référence
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Tableau 4 — Conditions de référence pour les essais

Conditions

Conditions de référence

Température de fonctionnement

23 °C + 2 °C, sauf spécification contraire par le fabricant

Humidité relative

40 % a 60 % RH

Tension d’alimentation auxiliaire

Tension d'alimentation assignée + 1 %

Phases

Trois phases disponibles 2

Déséquilibre de tensions

<0,1%?2

Champ magnétique continu externe

< 40 A/m en courant continu

< 3 A/m en courant alternatif a 50/60 Hz

Conposante continue sur la tension et le courant Aucune
Forme d’onde Sinusoidale
Fréduence Fréquence assignée (50 Hz ou 60 Hz) + 0,2.%"

a
b || convient que les PMD utilisent les fréquences
ue d'autres fréquences assignées, ou plages
ontinu, puissent étre spécifiées.

EXigé uniqguement dans le cas de réseaux triphasés.

bien
t en

assignées normalisées de 50 Hz7ou 60 Hz, si possible,
de fréquences assignées, y compris le fonctionnemen

4.6.2 Conditions de fonctionnement assignées
4.6.2.1 Généralités
Les

conformes a leurs spécifications.

4.6.2.2

portables

Le T

T4

Tableaux 5 a 7 donnent les conditions dans lesquelles les fonctions doivent

Conditions de fonctionnementien température assignées pour les apparei

ableau 5 donne les températures-assignées de fonctionnement pour les PMD portablg

bleau 5 — Températures assignées de fonctionnement pour les appareils portabl

étre

S

Classe de température K40 des PMD

Plage de fonctionnement assignée
(avec une incertitude spécifiée)

0°C a+40°C

Plage limite_de fonctionnement
(pas de défaillances de matériels)

-10 °C a +55 °C

Plage Jimite pour le stockage et le transport

-25°C a+70°C

4.6.

Le Tableau 6 donne les températures assignées de fonctionnement pour les PMD installés de

maniére fixe:
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Tableau 6 — Températures assignées de fonctionnement
pour les équipements installés de maniere fixe

(pas de défaillance de matériels)

Classe de Classe de Classe de température
température K55 température K70 KxP des PpMD
des PMD des PMD
Plage de fonctionnement assignéec -5°Ca+55°C -25°C a+70°C Supérieure a +70 °C et/ou
(avec incertitude spécifiée) inférieure a —25 °C @
Plage limite de fonctionnement -5°Ca+55°C -25°Ca+70°C Supérieure a +70 °C et/ou

inférieure a —25 °C @

Plage limite pour le stockage et le

—25°C a +70 °C

—40 °C a +85 °C

Selon la spécification du

trangport

fabricant 2

a |
b Kx représente les conditions étendues.

¢

es limites doivent étre définies par le fabricant, conformément a I'application.

a température de fonctionnement est la température la plus élevée de I'air a proximité immédiate du PMD.

4.6.2.4

Le Tableau 7 donne les conditions assignées de fonctionnement"en humidité et en alti
les PMD portables et installés de maniére fixe:

pou

Conditions assignées de fonctionnement en humidité et"altitude

Tableau 7 — Conditions de fonctionnement enchumidité et en altitude

Conditiopssnormalisées

Conditions étendueg

jourg/an

0 % a plus de 90 % HR

Plage de fonctionnement assignée 0,%%@ 75 % HR P 0 % a plus de 75 % HR|2P
(avef incertitude spécifiée)
Plage limite de fonctionnement pendant 30 0% & 90 % HR b ab

fude

Plage limite pour le stockage et le transport

0% a90 % HR b

0 % a plus de 90 % HR[aP

Altithde

Oma2000m

0 m a plus de 2 000 m|?

b

a8 |es limites doivent étre définies par le'fabricant, conformément a I'application.

es valeurs d’humidité relative sont\Spécifiées sans condensation.

Les| limites d’humidité
reprgsentées a la Figure 3.

relative en fonction de

la température de

I'air ambiant

sont
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Conditions climatiques qui

70 R n'existent pas en pratique
\\
N
\ AY
N
ANIAN
\\
P 50 \\ > N
9 AR
o MUY
_% Y S
K] \\ \‘\\
: N
5 \\\ ‘~‘_~~
E 2 ™~ EE S EhE S
B 23 = 1
e 21 I i
P | |
B R —— ! Conditions climatiques qui
I
. 1 existent en pratigue
T
| |
| |
1
0 | .
0 75 85 95 100

Humidité relative (%)
IEQ

Figure 3 — Relation entre la température de I'air amBiant et I'humidité relative

4.7 | Conditions de démarrage

Les|relevés de mesure doivent étre disponibles’ par l'intermédiaire d’'une interfacqd de
communication ou d'une interface utilisateur locale 15 s aprés I'application de I'alimentation.
Si If]durée du démarrage est supérieure a _157s, les fabricants doivent spécifier le temps
maxjmal a partir duquel les grandeurs de.mésure sont disponibles par I'intermédiaire dfune

intefface de communication ou d'une .nterface utilisateur locale aprés I'applicationl de
I'alimentation.

Lordqu’'aucune interface utilisateur locale ou de communication n’est disponible, gette
exigence doit étre vérifiée selonlla procédure d'essai décrite en 6.2.17.

4.8 | Exigences relatives aux fonctions des PMD
4.8.1 Exigences génerales
4.8.1.1 Exigences de couverture

Le 4.8 indiguéune liste de fonctions. En fonction du type de mesurage, I'’ensemble oujune
partle dessfonctions énumérées doit étre mesuré.

Toutlesles fonctions mises en ceuvre dans le produit et spécifiées dans le présent dacument
doivent satisfaire aux exigences du présent document.

4.8.1.2 Exigences relatives a la fenétre de mesure

Sauf spécification contraire, la fenétre de mesure d’'une grandeur mesurée ne doit pas
dépasser 3 s ou 150/180 cycles a la fréquence assignée.

Cette exigence peut ne pas étre satisfaite pour le THD et les harmoniques. Dans ce cas, la
fenétre de mesure du THD et des harmoniques doit étre déclarée par le fabricant.

Cette exigence ne s’applique pas aux énergies ainsi qu’aux grandeurs de pointe, qui sont

obtenues par intégration ou moyennage des grandeurs de base mesurées dans la fenétre de
mesure.
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4.8.1.3 Exigences relatives aux grandeurs de tension phase-neutre

Sauf spécification contraire, les fonctions de tension phase-neutre doivent satisfaire

aux

mémes exigences que les fonctions de tension entre phases, si les fonctions de tension

phase-neutre sont mises en ceuvre.

4.8.1.4 Exigences en matiére de limites de variation due aux grandeurs d’influence

Pour des raisons pratiques, si la limite de variation calculée exigée est inférieure & 0,02 %,

I'exigence doit donc étre fixée a 0,02 %.

4.8.1.5 Courant maximal

Lorgque le PMD est mis en fonctionnement sur un ou plusieurs transformateurs de-cou

ant,

I'att@ntion est attirée sur la nécessité d'adapter la plage de courants du PMDOa cellg du

secqndaire du ou des transformateurs de courant. Le courant maximal du PMDP doit étr
120(% I,, au moins.

4.8.2 Mesurages de la puissance active (P) et de I’énergie active (E,)
4.8.2.1 Techniques

Voir]Annexe B.
Un mesurage sans discontinuité est exigé.

4.8.2.2 Plage assignée de fonctionnement

Les jexigences de I'incertitude intrinséque doivent's’appliquer dans la plage suivante:
80 % U,<U<120% U,

4.8.2.3 Tableau d’incertitude intrinseque

e de

L'ingertitude intrinséque, dans-les conditions de référence, ne doit pas dépasser les limites

donmées dans le Tableau 8;
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Tableau 8 — Tableau d’'incertitude intrinseque pour le mesurage
de la puissance active et de I’énergie active

Etendue de mesure spécifiée

Limites de I'incertit
pour les PMD d

ude intrinseque
e classe de

Valeur du courant Valeur du courant Facteur de performance de fonctionnement Unité
pour les PMD Dx a pour les PMD Sx puissance ° cab
branchement direct | avec capteur externe pour C < 1 pour C 2 1
2%1,s1<10% 1, 1%I1,s1<5%1, 1 +2,0xC Aucune exigence %
S%Il,=1<10% 1, 2% 1, =1<5%1, 1 Aucune exigence | + (1,0 x C + 0,5) %
10%I1, <1< 5%I1 <1< 1 +1,0xC +1,0xC %
5%1,<1<20% 1, | 2%, <1<10% I, 0,5 inductif | + (1,7 x C +0,15) | Aucune exigence { \ Pb
0,8 capacitif * (1,7 x C + 0,15) | Aucune exigencge
10pol,<1<20% I, 5%1, s1<10%1, 0,5 inductif Aucune exigence | + (1,0 x C £)9,5) Do
0,8 capacitif Aucune exigence | + (1,0 XG,+ 0,5)
P17 R I 0%, <11 0,5 inductif + (1,0 x C+0,1) +1,0 x C o
0,8 capacitif +(1,0x C+0,1) +1,0xC

b

0s o.

a8 |les classes de performance applicables sont énumérées dans le Tableau 3.

our les classes 1 et 2 de mesure de I'énergie active du présent document,Jes limites d’incertitude|des
lasses 1 et 2 définies dans le Tableau 6 de I'lEC 62053-21:2003 peuvent(étre utilisées ainsi que les linpites
‘incertitude données dans ce tableau. Pour les classes 0,2 et 0,5 de mesure de I'énergie active du préjsent
ocument, les limites d'incertitude des classes 0,2S et 0,5S définiés~dans le Tableau 4 de I'lEC 62p53-
22:2003 peuvent étre utilisées ainsi que les limites d’incertitude données dans ce tableau.

¢ Dans les conditions de référence, les signaux sont sinusoidaux; ainsi, dans ce cas, le facteur de puissange =

4.8.2.4

Limites de variation due aux grandeurs d’influence

Les |variations supplémentaires dues aux grandeurs d’influence par rapport aux conditiong de

réféfence données en 4.6.1 ne doivent pas dépasser les

limites

performance correspondante données.dans le Tableau 9:

pour

la classel de
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4.8.2.5 Conditions de démarrage et a vide
4.8.2.5.1 Démarrage du PMD

Voir 4.7.

4.8.2.5.2 Condition a vide (uniqguement pour le mesurage d’énergie)

Lorsque la tension est appliquée sans courant circulant dans le circuit de courant, la sortie
d’essai du PMD ne doit pas produire plus d’une impulsion.

Pouf cet essai, le circuit de courant doit étre en circuit ouvert et une tension de 115 %\de la
tensjon assignée doit étre appliquée au circuit de tension.

Danp le cas d’'un shunt extérieur, seul le circuit d’entrée du PMD doit é&tre mis en eircuit oyvert.
La période d’essai minimale At doit étre celle décrite dans le Tableau 10:

Tableau 10 — Période d’essai minimale

Durée d’essai minimale At (min) pour‘la Condition a vide
Types de PMD
pour C<1 pour C21
PMD 6 6
P ((100/C) + 400) x 10 ot ((240/C) + 360) x 10
kKxmxUp x 1oy KxmxUpy x Ihay

ou

C est la classe de performance de fonctionnement;

k est le nombre d’impulsionsg€mises par le dispositif de sortie du PMD | par
kilowattheure (impulsion/kWHh);

m est le nombre d’éléments‘de mesure;

NOTE Un élément de mesure est 'un composant du dispositif de mesure qui génére une sortie proportionng¢lle a
I'énefgie.

U

I max est le courantmaximal en ampeéres.

n est la tensionassignée en volts;

Pouf les PMD{onctionnant sur transformateurs avec des caractéristiques primaires ou sgmi-
primaires, la-ednstante k doit correspondre aux valeurs secondaires (tension et courant).

4.8.2.5.3 Courant de démarrage

Le PMD doit demarrer et enregistrer continlment aux valeurs de courani de démarrage (et,
dans le cas de dispositifs de mesure triphasés, avec des charges équilibrées) présentées
dans le Tableau 11.

Lorsque les conditions de démarrage sont satisfaites (conformément au Tableau 11),
I'incertitude intrinséque doit se situer entre —40 % et +90 % des valeurs mesurées.

Si le PMD est congu pour le mesurage de I'énergie dans les deux directions, cet essai doit
alors étre appliqué avec un flux d’énergie dans chaque direction.
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Tableau 11 — Courant de démarrage pour le mesurage
de la puissance active et de I’énergie active

Facteur de Courant de démarrage pour les PMD de classe
Types de PMD puissance ? de performance de fonctionnement C
pour C<1 pour C21
PMD D 1 ~ _
X 2x107° x 1, (€ +3)x10 3 x 1,
PMD Sx 1 1x103 %1, C+1)x107 x1,
2  [peanstes—conditions—tderéférencetessignatsent-sinusotdat—eainsi—dans—cecas—tefactetrdepuissance =
0s ¢.

4.8.8
4.8.8.1

Voir|Annexe B.

Un mesurage sans discontinuité est exigé.

4.8.8.2

Les
assipnée suivante:

Mesurages de la puissance réactive (Qu, Qy) et de I’énergie réactiveNE,», E,\)

Techniques

Plage assignée de fonctionnement

80 % U, < U< 120 % U,

4.8.8.3

Tableau d’incertitude intrinseque

exigences de lincertitude intrinséque doivent <s’appliquer a l'intérieur de la pjage

L'ingertitude intrinséque, dans les conditions de référence, ne doit pas dépasser les linites
donfées dans le Tableau 12:

Tableau 12 — Tahleau d’'incertitude intrinséque pour le mesurage
de la'puissance réactive et de I’énergie réactive

Etendue de mesure spécifiée Limites de I'incertitude
. . . intrinséque pour les PMD de
valeur du courant‘ valeur du courant sin ¢ (inductif classe de performance de Uite
pqur les PMD Dx'a pour les PMD Sx avec ou capacitif) fonctionnement C2b
branchement direct capteur externe
pour C< 3 pour C23
5pol, < K10 % I 2%1,s1<5%1, 1 +1,25xC +1,33xC o
PpoA=I<I 5% s1<1_.. 1 +1,0xC +1,0xC Do
10”0IbSI<ZOUoIb SN I sT<1I0%I, 0,5 +1,25XxC +1,33XC %
20% 1< 1< .. 0% I, s1<1_.. 0,5 +1,0xC +1,0xC %
20% 1, <1< W0%I1, <1< 0,25 +1,25xC +1,33xC %

a8 Les classes de performance applicables sont énumérées dans le Tableau 3.

Pour les classes 2 et 3 de mesure de I'énergie réactive du présent document, les limites d’incertitude des
classes 2 et 3 définies dans le Tableau 6 de I'lEC 62053-23:2003 peuvent étre utilisées ainsi que les limites
d’incertitude données dans ce tableau.
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4.8.3.4 Limites de variation due aux grandeurs d’influence

Les variations supplémentaires dues aux modifications des grandeurs d'influence par rapport
aux conditions de référence données en 4.6.1 ne doivent pas dépasser les limites pour la
classe de performance correspondante données dans le Tableau 13:
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4.8.3.5 Conditions de démarrage et a vide
4.8.3.5.1 Démarrage du PMD

Voir 4.7.

4.8.3.5.2 Condition a vide

Lorsque la tension est appliquée sans courant circulant dans le circuit de courant, la s
d’essai du PMD ne doit pas produire plus d’une impulsion.

ortie

Pouf cet essai, le circuit de courant doit étre en circuit ouvert et une tension de 115 %\de la

tensjon assignée doit étre appliquée au circuit de tension.
Dang le cas d’'un shunt extérieur, seul le circuit d’entrée doit étre mis en circuit-ouvert.
La période d’essai minimale At doit étre celle décrite dans le Tableau 14:

Tableau 14 — Période d’essai minimale

Période d’essai minimale At (min) pour la'condition a vide
Types de PMD
pour C< 3 pour C23
PMD 6 6
P ((240/C) + 360) x 10 ot ((1080/C) — 60) x 10
kKxmxUpy x Inay KxmxUpy x 1oy

ou
C est la classe de performance de fonctionnement;

k est le nombre d'impulsions émises par le dispositif de sortie du PMD par kilovarhe
(impulsion/kvarh);

m est le nombre d’éléments devmesure;
U, | estla tension assignée-er’volts;
est le courant maximal“en amperes.

Pouf les PMD fonctionnant sur transformateurs avec des caractéristiques primaires ou s
primaires, la constante k doit correspondre aux valeurs secondaires (tension et courant).

4.8.8.5.3 Courant de démarrage

Le FMD¢doit démarrer et enregistrer continment aux valeurs de courant de démarrage

ire

Emi-

(et,

dans$ lescas de dispositifs de mesure triphasés, avec une charge équilibrée) présentées (Fans

le Tableau-15-

Lorsque les conditions de démarrage sont satisfaites (conformément au Tableau
I'incertitude intrinséque doit se situer entre —40 % et +90 % des valeurs mesurées.

Si le PMD est congu pour le mesurage de I'énergie dans les deux directions, cet essai
alors étre appliqué avec un flux d’énergie dans chaque direction.

15),

doit
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Tableau 15 — Courant de démarrage pour le mesurage de I'énergie réactive

IEC 61557-12:2018 © IEC 2018

sin @ (inductif ou

Courant de démarrage pour les PMD de classe

Types de PMD capacitif) de performance de fonctionnement C
pour C<3 pour C23
PMD Dx 1 (C+3)x1073x1, (5 xC-5) x 1073 x I,
PMD Sx 1 (C+1)x103x1, (2 xC-1) x 1073 x ||

4.8.4 _ Mesurages de la puissance apparente (S,. S\, et de I'énergie apparente
(EapA’ EapV)
4.8.4.1 Techniques

Voir]Annexe B.
Un mesurage sans discontinuité est exigé.

4.8.4.2 Plage assignée de fonctionnement

Les jexigences de l'incertitude intrinséque doivent s’appliquer dans’la plage suivante:
80% U,<U<120% U,

4.8.4.3 Tableau d’incertitude intrinseque

L'ingertitude intrinséque dans les conditions de\référence ne doit pas dépasser les limites
indiquées dans le Tableau 16:

Tableau 16 — Tableau d'incertitude intrinseque pour le mesurage
de la puissance apparente et de I’énergie apparente

Etendue de mesure spécifice Limites de I'incertitude intrinséque
pour les PMD de classe de
Val¢ur du E:ourant pour les | Valeur)du courant pour les performance de fonctionnement C2 Unité
PIMD Dx a branchement PMD Sx avec capteur
direct externe pour C<1 pour C21
5%1,<1<10% I, 2%, <1s5%1, +2,0xC + (1,0 xC+0,5) %
10% 1, <1=<1_.( 5%I <1< +1,0xC +1,0xC %

2  LUes classes de‘performance applicables sont énumérées dans le Tableau 3.

4.8.4.4 Limites de variation due aux grandeurs d’influence

Les varrations suppfémentairtes dues aux modifications des grandeurs d'inffluence par rapport
aux conditions de référence données en 4.6.1 ne doivent pas dépasser les limites pour la
classe de performance correspondante données dans le Tableau 17:
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