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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL MEASURING TRANSDUCERS FOR CONVERTING AC AND DC

1) The

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote inter

ELECTRICAL QUANTITIES TO ANALOGUE OR DIGITAL SIGNALS

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

hational

co-qperation on all questions concerning standardization in the electrical and electronic fields. To_this'¢nd and

ina

dition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dgalt with

may| participate in this preparatory work. International, governmental and non-governmental(organizations
with

Sta

2) The
con
inte

3) IEC

formal decisions or agreements of IEC on technical matters express, as nearlysas’possible, an inter
bensus of opinion on the relevant subjects since each technical committee)has representation
ested IEC National Committees.

liaising

the IEC also participate in this preparation. IEC collaborates closely with the International Organizgtion for
dardization (ISO) in accordance with conditions determined by agreement between-the two organizdtions.

hational
rom all

Publications have the form of recommendations for international use ‘ahd are accepted by IEC National

Conpmittees in that sense. While all reasonable efforts are made to ensufe that the technical contenf of IEC

Publications is accurate, IEC cannot be held responsible for the ;way in which they are used or

mis

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ

tran|
any

5) IEC
ass
ser

6) Al
7) No

members of its technical committees and(tEC National Committees for any personal injury, property dar
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp

Publjications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publica

indi

9) Attention is drawn to the(possibility that some of the elements of this IEC Publication may be the subject o

righ

been

nterpretation by any end user.

sparently to the maximum extent possible in their national®and regional publications. Any divergence j
IEC Publication and the corresponding national or regiotal publication shall be clearly indicated in th

itself does not provide any attestation of conformity.”“Independent certification bodies provide co
bssment services and, in some areas, access to,lEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

iability shall attach to IEC or its directors, employees, servants or agents including individual expd

bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot

Epensable for the correctiapplication of this publication.

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

ade.’Additions are in green text, deletions are in strikethrough red text.

for any

cations
etween
e latter.

formity
for any

rts and
hage or
s) and
er IEC

tions is

f patent

This redline version of the official IEC Standard allows the user to identify the changes miade to
the pr£vious edition IEC 60688:2012. A vertical bar appears in the margin wherever a chan

je has
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IEC 60688 has been prepared by IEC technical committee 85: Measuring equipment for
electrical and electromagnetic quantities. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2012. This edition
constitutes a technical revision.

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

a) updating normative references;
b) additional requirements for specific transducers used for LV monitoring applications;

c) creation of interface coding to ease selection by the end-user.

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

CDV Report on voting
85/748/CDV 85/781/RVC

Full information on the voting for its approval can be found in the-report on voting indicated in
the above table.

The lgnguage used for the development of this International~Standard is English.

This document was drafted in accordance with ISQ/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISOHEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The smain document types developed by IHC are
descriped in greater detail at www.iec.ch/standardsdev/publications.

In this|document, the following print typesS“are used:

— requirements and definitions: in‘toman type;
— NQITES: in smaller roman type;
— compliance: in italic type.
The cpmmittee has decided that the contents of this document will remain unchanged until the

stabilify date indicated;-on the IEC website under webstore.iec.ch in the data related [to the
speciflc document.‘At this date, the document will be

e re¢onfirmed,
. wilhdrawn,

laced by a revised edition, or

e e

e amended.

IMPORTANT — The "colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

IEC 60688:2021 RLV © IEC 2021 -1 -

INTRODUCTION

New transducers can now be equipped with microprocessors that utilise digital data processing,
communication methods and auxiliary sensors. This makes them more complex than
conventional analogue transducers and gives them considerable added value.

The class index system of classification used in this document is based upon IEC 60051 (all
parts). Under this system, the permitted variations of the output signal due to varying influence
guantities — ambient temperature, voltage, frequency, etc. — are implicit in the classification.

For those unfamiliar with the class index system, a word of warning is hecessary. If, for example,

a tran
of us¢
means
condif
range
incurr

sducer is classified as class 1, it does not mean that the error under practical con
will be within +1 % of the actual value of the output or +1 % of the full output ve
that the error should not exceed +1 % of the fiducial value under closeély sp
ons. If the influence quantities are varied between the limits specified-by. the n
5 of use, a variation of amount comparable with the value of the class”index m
ed for each influence quantity.

The p
intrins|

ermissible error of a transducer under working conditions is the;sum of the perm
c error and of the permissible variations due to each of the infldénce quantities. Ho

the acftual error is likely to be much smaller because not all of the\influence quantities arg

to be

imultaneously at their most unfavourable values and some of the variations may

one apnother. It is important that these facts be taken intd consideration when spe
transducers for a particular purpose.

Furthgrmore, some of the terms used in this decument are different from those u
IEC 60051 (all parts) due to the fundamental differences between indicating instrumen
measyring transducers.

All statements of performance are relatedsto the output which is governed by two basic t

— "the nominal value", which may have a positive or a negative sign or both;

_ "t
ma

e span", which is the range-of values of the output signal from maximum posi
ximum negative, if appropriate.

ditions
lue. It
bcified
bminal
ay be

ssible
vever,
likely
cancel
cifying

sed in
[s and

erms:

ive to
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ELECTRICAL MEASURING TRANSDUCERS FOR CONVERTING AC AND DC
ELECTRICAL QUANTITIES TO ANALOGUE OR DIGITAL SIGNALS

1 Scope

This document applies to transducers with electrical inputs and outputs for making
measurements of AC or DC electrical quantities. The output signal-may can be in the form of

an analogue-direct current-an-analog-direct voltage or in-digital form o this case _that nart of
~ ~J ~ 7

T ) O
the trdnsducer utilized for communication nurnoses will need to be com arnal
treHghsaucertthiZze o commuHcaton puposSeswWiheeatoDe-comn SehaH

system-

T+
I
(4]
@
o

This document applies to measuring transducers used for converting electrical quantities such
as
— cufrent,

— voltage,

— aclive power,

— reactive power,

— poper factor,

— phpse angle,

— frejquency,

— hafmonics or total harmonic distortion, and

— apparent power

to an putput signal.

This document is not applicable for

— indtrument transformers that comply with-tEC-60044-series IEC 61869 (all parts);

— transmitters for use in industrial process application that comply with IEC 60770 (all parts),
and

— performance measuring and monitoring devices (PMD) that comply | with
IEC 61557-1272018.

Within the measuring range, the output signal is a function of the measurand. An ayxiliary
supply-ma¥ can be needed.

This document applies

a) if the nominal frequency of the input(s) lies between 0 Hz and 1 500 Hz,

to the electrical measuring transducer if it is part of a system for the measurement of a non-
electrical quantity, and if it otherwise falls within the scope of this document, and

c) totransducers for use in a variety of applications such as telemetry and process control and
in one of a number of defined environments.

This document is intended:

— to specify the terminology and definitions relating to transducers whose main application is
in industry,
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- to

unify the test methods used in evaluating transducer performance, and

— to specify accuracy limits and output values for transducers.

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.

HEC—6

IEC 60068-2-6, Environmental testing - Part 2-6: Tests - Test Fc: Vibration (sinusoidal)

IEC 60068-2-27, Environmental testing - Part 2-27: Tests - Test Ea and guidance: Shoc}

IEC 6(
for ovi

\EC 60417, Graphical o .

IEC 6

and laporatory use

IEC 6
labord
IEC 6

IEC 6

255-151, Measuring relays and protection equipment - Part 151 Functional require
pr/under current protection

010 (all parts), Safety requirements for electricaNequipment for measurement, (

tory use - Part 1: General requirements
010-1:2010/AMD1:2016

010-2-030:2017, Safety requirements for electrical equipment for measurement, ¢

a-their

ments

ontrol

010-1:2010, Safety requirements for electrical equipment for measurement, control, and

bntrol,

and laboratory use - Part 2-030.-Spegial Particular requirements for equipment having {esting

and of measuring circuits

IEC B122A8 (All narte) Elartrical aainmaent for meoacuuromaont econtrol and lahoratory 1ieo EAMC
2o egens ol eoion Slooivlonl colomont for soonoiomnont conbeol oncl nbosnions nog | S1IC
FostEp e

IEC 61326-1:2020,vElectrical equipment for measurement, control and laboratory use 1 EMC
requirements - Part'1: General requirements

IEC 61557~12:2018, Electrical safety in low voltage distribution systems up to 1 000 V AC and
1 500|\V.DGC- Equipment for testing, measuring or monitoring of protective measures - Part 12:

Perfof

imance - measuring Power metering and monitoring devices (PMD)

IEC 61558-1:2017, Safety of transformers, reactors, power supply units and combinations
thereof - Part 1: General requirements and tests

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
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e |ISO Online browsing platform: available at http://www.iso.org/obp
3.1 General terms

3.11

electrical measuring transducer

transducer

TRD

device for converting an AC or DC measurand to a direct or alternating current, a direct or
alternating voltage or a digital signal for measurement purposes

3.1.2

electllcal measuring transducer type 1
transglucer type 1

TRD1
conveptional transducer

Note 1 fo entry: Transducers type 1 use conventional interface outputs and are generallyssingle-function d¢vices.

3.1.3
electrjcal measuring transducer type 2
transdlucer type 2

TRD2
singleffunction transducer used in low voltage (LV) monitoring applications

Note 1 [to entry: Transducers type 2 are using specific interfaceloltputs and are generally more accurdte than
transduers type 1.

3.1.4
singlg-function device
devicg performing the measurement of a single electrical quantity (e.g. current, power factor,
THD) |n a single form (e.g. RMS or peak offaverage) but not both

3.1.5
analogue transducer
devicg for converting an AC ornDC measurand to a direct or alternating current, a difect or
alterngiting voltage for measurement purposes

3.1.6
digita] transducer
devicg for converting‘an AC or DC measurand to a digital signal for measurement purpoges

3.1.7
auxiliary supply
AC or DC, electrical supply, other than the measurand, which is necessary for the gorrect

operation-ofthe-transduecer

3.1.8
auxiliary circuit
circuit which is usually energized by the auxiliary supply

Note 1 to entry: The auxiliary circuit is sometimes energized by one of the input quantities.
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3.1.9
transducer with suppressed zero
transducer for which zero output signal corresponds to a measurand greater than zero

3.1.1

outpuit load
<analpgue signal> total resistance of the circuits and apparatus connected externally
the output terminals of the transducer

3.1.11

ripplel content

<analpgue output signal> ratio of the peak-to-peak value of the fluctuating component
analogue output signal, expressed in percentage, to the fiducial value, with steady-statg
conditjons

3.1.1
outputt signal
analogue or digital representation of the measurand

3.11
output power
power|at the transducer output terminals

measuyrand

HCross

of an
input

of the

3.11
output voltage
<anal ignal> vol n

measurand

of the

3.1.16

measuring element

<transducer> unit or module of a transducer that converts the measurand, or part
measurand, into a corresponding signal

of the
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shagle—elemenitironsduear
) . |

multi-element transducer
transducer having two or more measuring elements

Note 1 to entry: The signals from the individual elements are combined to produce an output signal corresponding
to the measurand.

3.1.18

response time
time ffom the instant of application of a specified change of the measurand until the putput
signallreaches and remains at its final steady value or within a specified interval centred ¢n this
value

3.1.19
compliance voltage

accuracy limiting output voltage
<variaple output load transducers having a current ouiput> value of the voltage appgaring
acrosg the output terminals up to which the transducerecomplies with the requirements pf this
document

3.1.20
stabil.ty
ability of a transducer to keep its performance characteristics unchanged during a specified
time, all influence quantities remaining within their specified ranges

-
SHOrL-e : "I oy

-
;g.l.i >t t"l ¢

3.1.21
usage group
group of transducers capable of operating under a specified set of environmental conditions
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3.1.22
pulse density output

digital representation of the measurand, where the relative density of the output pulses

corresponds to the analog signal amplitude

3.2 Terms describing transducers according to the measurand

3.21
voltage transducer
transducer used for the measurement of AC or DC voltage

3.2.2

curre(j\t transducer
transducer used for the measurement of AC or DC current

3.23
appagent power transducer
transducer that is used for the measurement of the apparent power

3.24
activeg power transducer
transducer used for the measurement of active electrical power

3.2.5
reactyve power transducer
transducer used for the measurement of reactive electrical power

3.2.6
frequéncy transducer
transducer used for the measurement of the\frequency of an AC electrical quantity

3.2.7
phasq:ngle transducer

transducer for the measurement.0f the phase angle between two AC electrical quantities

the same frequency

3.2.8
power factor transducer
transducer used fofithe measurement of the power factor of an AC circuit

3.2.9
harm{nics transducer

transducer that is used for the measurement of the harmonics or the total harmonic dis

of an AC.circuit

having

ortion

3.2.10
TRD2-PFA
power factor (arithmetic method) transducer for LV monitoring applications

3.2.11
TRD2-PFV
power factor (vector method) transducer for LV monitoring applications

3.2.12
TRD2-THDU
voltage THD transducer for LV monitoring applications
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3.2.13
TRD2-THDI
current THD transducer for LV monitoring applications

3.2.14

TRD2-UAC

voltage transducer for LV monitoring applications that is used for the measurement of AC
voltage

3.2.15

TRD2-UDC

voltagg—transducer—fortv—monitorimg—apptcations—tiratTs—osed—forthremreasurenrentof DC
g

voltag

3.2.16
TRD2{IAC
current transducer for LV monitoring applications that is used for the measurement of AC qurrent

3.2.17
TRD23}IDC
current transducer for LV monitoring applications that is used(for the measurement jof DC
current

3.3 |Terms describing transducers according to their output load

3.31
fixed putput load transducer
transducer that complies with this document only when the output load is at its nominal [value,
within|specified limits

3.3.2
varialjle output load transducer
transducer that complies with this document when the output load has any value within g given
range

3.4 [Nominal values

3.41
nominal value
value,|or one of thewalues, indicating the intended use of a transducer

Note 1 fo entry=\The lower and upper nominal values of the measurand are those which correspond to the lower
and upper néminal values of the output signal.

3.4.2
span
output span

algebraic difference between the upper and lower nominal values of the output signal

3.4.3
fiducial value
value to which reference is made in order to specify the accuracy of a transducer

Note 1 to entry: The fiducial value is the span, except for transducers having a reversible and symmetrical output
signal when the fiducial value may be half the span if specified by the manufacturer.

el ircuit insulation-voltage hof | o I
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nominal power factor
factor by which it is necessary to multiply the product of the nominal voltage and nominal current
to obtain the nominal power

nominal power

Nominal power factor = - -
nominal voltage x nominal current

Note 1 to entry: When the current and voltage are sinusoidal quantities, the nominal power factor is cos ¢ where ¢
is the phase difference between the current and the voltage. For reactive power transducers, the nominal power
factor is_sin @

valued of current and - voltaae assianed -bv-the manufacturer as those which the transduder-will
vardeg-or-ctiHentahaYortage asSSighe oy e ahtiaCcturerasSthoSe-WHHCA e traRSGU Qe —Win

limiting value of the output signal
<currgnt or voltage> upper limit of output signal which cannot, by déesign, be exceeded|under
any cgnditions

3.4.6
measyiring range
range|defined by two values of the measurand withinayhich the performance complies wjth the
requirements of this document

2 4 3 modified- t
Z4A4o—hoatHeg t

(SOURCE:- |EC 6800514-4-14997
(O UUiRTE—E o OUYI 119915

Note 1 fo entry: See 3.4.3 of IEC 60051-1:2016;

3.4.7
nominal value of the measured-voltage
nomingl value of the voltage, of:the external circuit (e.g. the secondary winding of a vpltage
transformer) to which the voltage input circuit of the transducer is to be connected

3.4.8
nominal value of the.measured current
nominpl value ofthe current in the external circuit (e.g. the secondary winding of a dqurrent
transformer) to-which the current input circuit of the transducer is to be connected

3.5 Useradjustment Terms describing transducers with provisions to be adjusted by
users

calibration value
value of a quantity to which the nominal value is changed by user adjustment for a specific
application
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+h
s
I
P

3.5.2
adjus

ment range

possiljle range of adjustment values of the measured current or voltage

conve
relatig
3.6

3.6.1
influe
quanti

3.6.2

Influence quantities and reference conditions

hce quantity
[ty (other than the measurand) that may affect the performance of a transducer

reference conditions

specif]

ed conditions under whichothe transducer complies with the requirements conc

intrinsjic errors

Note 1

3.6.2.

o entry: These conditions may be defined by either a reference value or a reference range.

reference value

specif]
requir

3.6.2.

ed singte‘value of an influence quantity at which the transducer complies wi
bments:concerning intrinsic errors

J

erning

th the

reference range
specified range of values of an influence quantity within which the transducer complies with the
requirements concerning intrinsic errors

nominal range of use
specified range of values over which it is intended that an influence quantity can assume without
the output signal of the transducer changing by amounts in excess of those specified

3.7

error

Errors and variations

actual value of the output signal minus the intended value of the output signal, expressed
algebraically
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_—
error e;epl |es| sed asla pe'.ee";alge of the "due'?_' value |

intrinsic error
error determined when the transducer is under reference conditions

variat

ion due to an influence quantity

difference between the two values of the output signal for the same value of the measurand

when

3.7.4
variat
<exprs

Hd| s H Laps 44 n 4 ] 1
AT TTITTUCTTIUT YUdadlllily daooUllIico SsULLTOSSIVETY WU UTTTTTTITIL SPTUITICTU VdiutTo

on due to an influence quantity

due td an influence quantity and the fiducial value

3.8

accur
value
variati

3.8.2
accur
class
compl

3.8.3
class

Accuracy, accuracy class, class index

pcy

ons

acy class
bf transducers for which the accuracy of all,can be designated by the same number
y with all the requirements of this documient

index

numbegr which designates the accuracy class

Note 1

Note 2
relating

4 Cj

4.1

)
regferenceeonditions General

o entry: The class index is(applicable to the intrinsic error as well as to the variations.

o entry: Throughout this,document, the phrase "x % of the class index" denotes "x % of the limits
to the class index".

Transducer general architecture

bssed as a percentage of the fiducial value> one hundred times the ratio, of the va

Fiation

accuracy of a transducer is defined by the limits of intrinsic error and by the limits of

if they

of error

Orgar

rsatiomrof themeasurement thaimmtheefectricatquantity tobemeasuredmmay be

either

directly accessible, as it is generally the case in low-voltage systems, or accessible via
measurement sensors like voltage sensors (VS) or current sensors (CS).

Figure 1 shows the common organisation of a transducer (TRD).
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!

Transducers L
_.Gommunication protocol
i Communication i
' management |
Electrical oo TT T H - - -
in , Measurement Acquisition Processing Evaluation
put ——! : . — - > .
signal : sensors | unit unit unit
i F F 3
! Analogue | | Digitall/lO ~.
' output ! | management\ !
' management | i_________ S/ '
[ i, ________ i I
Analogue output Digital 1/10

IEC
Figure 1 — Transducer (TRD) architecture

4.2 |Classification of transducers (TRD)

Trans@lucers are classified according to the applications as defined in Table 1.

Taple 1 — Functional classification of transducers’with minimal required functigns

Transducers type

Requirements
TRD1 (transducer type 1) TRD2 (transducer type 2)

See Clause 5 n

See Annex A u

NOTE| For more information about differenees between TRD1 and TRD2, see also Annex B

5 Requirements for<I'RD1

5.1 |Safety requirements: clearances and creepage distances

Trans@lucers shall comply with safety requirements of IEC 61010 (all parts), and in additign with
the following-requirements of:

Clearances and creepage distances shall be selected at least in accordance with

— pollution degree 2,
— measurement category Il for measuring input circuits, and

— overvoltage category Il for mains circuits.

NOTE Measurement category is defined in IEC 61010-2-030.
5.2 EMC requirements
5.21 Immunity

For high frequency disturbance test, see IEC 61326 (all parts).

If, by agreement, other tests are required, then TRD1 with active electronic components may
comply with Clause 6 of IEC 61326-1:2020.
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NOTE These requirements are consistent with those of 6.21 and 6.23.

5.2.2

Emission

If, by agreement, other tests are required, then TRD1 with active electronic components may
comply with either class A or class B limits as defined in Clause 7 of IEC 61326-1:2020.

NOTE This requirement is consistent with the one of 6.23.

5.3 Class index requirements

5.3.1

Class index

The class index for a transducer shall be chosen from those given in Table 2.

This class index definition only applies for the analogue output of the transducers.

5.3.2

If the
the wh

In some cases when a transducer does-not include the sensors, their associated uncert
are ndt considered. When a transducer includes the sensors, their associated uncertainti

consid

5.3.3
When

and Igwer nominal values of the output signal shall not exceed the limits of the intrinsi

given

Value$ stated.in a table of corrections, if any, supplied with the transducer shall not be

into a

Table 2 — Relationship between the limits of intrinsic error,
expressed as a percentage of the fiducial value, and the ¢lass index

Class index 0,2 0,5 1 2 2,5 3 5 10 20

Limits of $0,2% |20,5% | 1 % |22 % | 2,5 % | £3 % |'¢5 % | £10 % | +20 %
error

NOTE—Class indices of 0,3 and 1,5, although non-preferred,-ay can be used.

Class index for transducer used with sensors

ransducers are used with sensors, the manufacturer shall specify the accuracy class of

ole system transducer and sensor.

ered.

Intrinsic error

the transducer is under reference conditions, the error at any point between the

n Table 2 expressed as a percentage of the fiducial value.

countyin determining the errors.

hinties
s are

upper
error

taken

5.4

Conditions for the determination of intrinsic error

Prior to pre-conditioning and before determination of the intrinsic error, preliminary adjustments
shall be carried out in accordance with the manufacturer's instructions. The transducer shall be

at the

reference temperature.

The transducer shall be left in circuit under the conditions specified in Table 3.
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Table 3 — Pre-conditioning

Conditions

Values

Voltage (including any auxiliary supply)

Nominal value

Current

Nominal value

Frequency

Reference value

Power factor

Reference value

Time between connection into circuit and
start of determination of errors

30 min

After tLe specified pre-conditioning, transducers having adjustments available to the use|r shall

be adjusted in accordance with the manufacturer's instructions.
The rgference conditions relative to each of the influence quantities are given’in Table #. The
referepce conditions relative to the measurand are given in Table 5.
Table 4 — Reference conditions of the influence quantities and
tolerances or testing purposes
Influence quantity Reference conditions Tolerances permitted for tesfing
unless otherwise marked purposes applicable to a sirgle
reference value 2@
Ambiept temperature To be marked in the type téest |1 °C
report
Usage|group (see 6.1.2)
| K55 -
Il K70 -
1 Kx b -
Frequgncy of the input quantity
N¢n-frequency sensitive Nominal value +2 %
Frequency sensitive To be marked in the type test | 10,1 %
report
Wavefprm of the input quantity Sinusoidal, except for The distortion factor x 100 shall pot
harmonics transducers exceed the class index, unless
otherwise specified by the
manufacturer
Outpuf load
Fiked output load transducers Nominal value 1 %
Variable output load transducers Mean value of the nominal 1 %
Auxiliary supply
Voltage AC Nominal value 2 %
Voltage DC Nominal value 1 %
Frequency Nominal value 1 %
Distortion factor 0,05 maximum -

Magnetic field of external origin

Total absence

40 A/m at frequencies from DC to
65 Hz in any direction °©

b

28 When a reference range is marked, no tolerance is allowed.

"Kx" stands for extended conditions.

¢ 40 A/m is approximately the highest value of the earth's magnetic field.
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Table 5 — Reference conditions relative to the measurand

Measurand

Reference conditions

Voltage

Current

Power factor, active or
reactive

Apparent power

Nominal voltage +2 %

Any current up to the
nominal current

|Cos o] or [sin ¢| = 1,0 to
0,8
lagging or leading

Active power

Nominal voltage +2 %

Any current up to the
nominal current

|Cos ¢| = 1,0 to 0,8
lagging or leading

Reactive power

Nominal voltage 2 %

Any current up to the

|sin | = 1,0 to 0,8

nominal current |agg|ng or |eading a

Phasefangle or power Nominal voltage 2 % 40 % to 100 % of the -

factor nominal current

Frequgncy Nominal voltage 2 % - -

Polyphase quantities Symmetrical voltages ° Symmetrical currents ? -

2 Apparent, active power and reactive power transducers are normally used together(and are connected to the
sarpe current and voltage transformers. It must be noted that sin ¢ = 1,0 to 0,8 issused here for ease of testing
only.

b The¢ difference between any two line-to-line voltages and between any two.line-to-neutral voltages sHall not
exdeed 1 % of the average (line-to-line and line-to-neutral voltages respectively). Each of the currentq in the
phdses shall differ by not more than 1 % from the average of the currents.

The anlgles between each of the currents and the corresponding phase€-to-neutral (star) voltages shall differ] by not

more than 2°.

Where| interactions between the separate measuring elements of a multi-element transducer are adequately

characterized, single-phase testing of the transducer is acceptable.

5.5 [|Auxiliary supply

5.5.1 General

Some|transducers dealt with inthis document may need an auxiliary supply. This is spé¢cified

in two|separate categories, DCJjand AC supplies.

5.5.2 DC supply

a) Thee value of the voltage of the DC supply shall be as specified in 5.6.3.

in the
of the
peak

The noise fed back to the battery from the transducer shall be limited to 100 mV peak to

peak when measured with a specified source resistance at all frequencies up to 100 MHz.

In addition, when the battery feeding the transducer is also used for telephone equipment, the
noise shall not exceed 2 mV psophometric.

NOTE

5.5.3

The psophometric weighting characteristic is specified in ITU-T Recommendation O.41.

AC supply

For the nominal value of the voltage of the AC supply, see 5.6. This voltage may be provided
by a separate supply or may be derived from the measured voltage or current.
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5.6 Input values
5.6.1 General

The nominal values of voltage, current, frequency and auxiliary supply shall be specified by the
manufacturer.

5.6.2 Adjustment ranges
Adjustment range for transducers that can be adjusted by the user:

a) for the input voltage: 80 % to 120 % of the nominal value;

b) fonthe input current: 60 % to 130 % of the nominal value.

This means that the nominal value of the output signal can be obtained for any adjusted value
of the[measurand within the ranges given above.

5.6.3 Preferred nominal values

The preferred nominal value of DC auxiliary supplies shall be 24 V, 48V or 110 V.

5.7 |Analogue output signals
5.71 General

The Igwer and upper nominal values of the output signal and the compliance voltage shall be
chosep from those given in 5.7.2 and 5.7.3 or 5.7.6.

5.7.2 Output current

The signal 4 mA to 20 mA is preferred.

NOTE |The condition "0 mA" has a special meaning (IEC 60381-1).
Other [permissible values are

e 0 mA to 20 mA,

e 0 1hAto 1 mA,

e 0 1A to 10 mA,

e —1ImA to 1 mA;

e —5[mA to.5 mA,

e —1Pp mAto 10 mA, and
o 2D mA to 20 mA.

5.7.3 Compliance voltage
e 10V,
e 15V,

5.7.4 Maximum output voltage

The manufacturer shall state the maximum value of the output voltage occurring under any
conditions of output load and input. This voltage shall not exceed the limit of safety extra-low
voltage.
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5.7.5 Interference risk of output current

Attention is drawn to the interference problems which may result if the output current has a low
value.

5.7.6 Output voltage

e OVto1yVv;
e OVto10V,;
e —1Vto1V,;

e -10Vto10V.

NOTE |Transducers having a voltage output are non-preferred.
5.8 |Output transfer function

For analogue transducers, the used transfer function shall be one of the following curves.
For analogue transducers, variables x, y;—¥4:¥2 can be adjustable.

Curve|A is described in Figure 2.

Output

Y (+ 100 %) [-=====mmmmmmmmmm G

>

0 +x % X (+ 100 %)
Input
IEC

Figure 2 — Transfer function curve A
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Curve B is described in Figure 3.

Qutput

Y (+ 100 %)

+y%/
0 X (+ 100 %)
Input
IEC
Figure 3 — Transfer function curve B
Curve|C is described in Figure 4.
34
=
o
Y (+100 %) [-====2ig-mmmmm s ;
% e .
— X (- 100 %) X% : 5
; : A x % X (+ 100 %)
. : Input
E AT -y %
[/ —Y (- 100 %)
IEC

Figure 4 — Transfer function curve C
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Curve D is described in Figure 5.

Output

Y (+ 100 %) |=======mmmmmmmmmmae

+y%

>

—X (- 100 %) 0 X (+ 100 %)
Input
IEC

Figure 5 — Transfer function curve D

Curve|E is described in Figure 6.

Output

Y (+ 100 %)

-

0 X (+ 100 %)
Input

—Y(-100 %)T

IEC
Figure 6 — Transfer function curve E
Curve F (all other kind of curves):

The accuracy class-has-te shall be checked for each point of the transfer function according to
the formula:

Y-R 100
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where

R is
Y is
NOTE

5.9

the value of the output signal under reference conditions;
the value of the output signal measured at one extreme of the influence quantity.

For the curves F, replace in 6.1 to 6.23 F by R.

Digital output signals

The digital output signals chosen shall correspond with the requirements for transducers
concerning accuracy and response time as well as with the requirements of the communication
system.

For the digital output, the class index shall be in conformity with the performance

descri

ped in IEC 61557-12:2018.

If outguts relays are provided, they shall comply with IEC 60255-151.

5.10

Ripple (for analogue outputs)

The maximum ripple content in the output signal shall not exceed-twice the class index.

5.11

5.11.1

Response time

conditjons and the auxiliary circuit shall be energized\for at least the pre-conditionin
unlesy it is energized from one of the input quantities and is not separately accessible.

5.11.2 The response time shall be stated by the manufacturer and shall be determined
input $tep such that it would produce a change'in output signal from 0 % to 90 % of the fi

value.

5.11.3] |If a test for decreasing inpubis required, the input step should produce a cha
outpuf signal from 100 % to 10 %"6f the fiducial value.

5.11.4 The interval (see 3.1.24 ) shall be +1 % of the upper nominal value of the output

5.11.59 Methods of test.for frequency transducers and transducers with suppressed zer

be stq

5.12

If, by
value,
refere

ted by the manufacturer.

Variationydue to over-range of the measurand

hgreement, a transducer is required to operate with an input up to 150 % of the n
the’ difference between the intrinsic error at 100 % and the error at 150 %

class

Before determining the response time, the transducer shall be under refgrence

j time

for an
ducial

nge in

signal.

D shall

bminal

under

nce conditions) of the nominal value of the Input shall not exceed oU 7 OT the Class

index.

For active power and reactive power transducers, 150 % of the nominal value is achieved by

increa

5.13

sing the current while retaining the voltage at the nominal value.

Limiting value of the output signal

The output signal shall be limited to a maximum of twice the upper nominal value.

When the measurand is not between its lower and upper nominal values, the transducer shall
not, under any conditions, for example over-current or under-voltage, produce an output having

a valu

e between its lower and upper nominal values.
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5.14 Limiting conditions of operation

The limits of the nominal ranges of use given in Clause 6 are those within which the transducer
will comply with the requirements of this document. It is possible to operate transducers beyond
these limits but the user should note that

— the accuracy may not be maintained, and/or
— the designed operational lifetime may be reduced.
As an example, many transducers will operate in ambient temperatures as low as —25 °C and

as high as +70 °C but the manufacturer should be consulted as to the degradation to be
expected in both accuracy and operational lifetime.

5.15 |Limits of the measuring range

Whenl|the limits of the measuring range do not coincide with the lower and uppernominal yalues
of the|output, the limits of the measuring range shall be marked — see 7.1 i).

5.16 [Limiting conditions for storage and transport

Unles$ otherwise stated by the manufacturer, transducers shall_bé)capable of withstanding,
withoyt damage, exposure to temperatures within the range —40 °C to +70 °C.

After feturning to reference conditions, they shall meet the requirements of this document.

The manufacturer shall specify any additional limitingieondition required to ensure the integrity
of the|transducer.

5.17 [Sealing

When|the transducer is sealed to prevent gnauthorized adjustment, access to the internaljcircuit
and tg the components within the case-shall not be possible without destroying the seal.

5.18 |[Stability

Transgucers shall comply with-the relevant limits of intrinsic error specified for their resgective
accuracy classes for a period'specified by the manufacturer, provided that the conditions ¢f use,
transport and storage specified by the manufacturer are complied with.

NOTE |Usually, the peried will be below one year.

6 Tests for-TRD1

6.1 Geéneral

6.1.1 Determination of variations

The variations shall be determined for each influence quantity. During the tests, all other
influence quantities shall be maintained at reference conditions.

All the influence quantities are given in 6.1 to 6.23, together with the appropriate testing
procedure, computations and the permissible variations for each usage group expressed as a
percentage of the class index. None of the variations determined shall exceed the permissible
values.

Variations shall be determined at the upper nominal value of the output and, at least, at one
other point. For apparent power, active power and reactive power transducers, these values
shall be obtained by maintaining the voltage and power factor at their reference conditions and
varying the value of the current.
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When a reference range is specified, the influence quantity shall be varied between each of the
limits of the reference range and any value in that part of the nominal range of use which is
adjacent to the chosen limit of the reference range.

6.1.2 Environmental conditions

The conditions of temperature and humidity are classified according to the severity dictated by
the usage group in accordance with Table 6.

Table 6 — Usage groups

Wk L £ W20 L £ b
K55-ctass—of K70-ctass—of Kx-S—ctassof

transducer transducer transducef

Usagég group | Il Il

Rated
(with

operating range

Epecified uncertainty)

-5 °C to +55 °C

—25°C to +70 °C

Aboye +70 °C aff
under4~25 °C @

d/or

Limit
(no h3

range of operation
rdware failures)

-5 °C to +55 °C

—25°C to +70 °C

Above +70 °C af
under =25 °C @

d/or

—25°C to +70 °C

—40 °C to +85 °C

According to

Limit range for storage and

. manufacturer
shippjng

specification 2

a8 Lirhits-are-te shall be defined by manufacturer according to the application.

b Kx stands for extended conditions.

For the purpose of this document, ambient temperature shall be the temperature measyred at
a singl|e representative point with the transduceroperating normally. This measuring point shall
be adjacent to the transducer, exposed to free air circulation and not significantly affected by
heat ffom the transducer or by direct solar_fadiation and other sources of heat.

Humidity is not considered to be an influence quantity provided that the environmental
conditjons are within the limits specified.

6.1.3 Computations

In 6.2|to 6.22, a computation is required according to a formula. The terms in the fofmulae
follow|a general pringiple:

— R is the value ofrthe output signal under reference conditions;
— X (or Y) is the'value of the output signal measured at one extreme of the influence quiantity;
— Fis the fiducial value.

NOTE LEorcurves F (see 5 8) replace in all the following formula F' by R

6.2 Variations due to auxiliary supply voltage
6.2.1 Application

All transducers requiring a DC or an AC auxiliary supply except where this is obtained from the
input voltage or current and the connections cannot be separated for testing purposes.

6.2.2 Procedure

Apply the nominal value of auxiliary supply voltage and record the value of the output signal (R).

At a constant value of the measurand, reduce the auxiliary supply voltage to the lower limit
givenin 6.2.4 and record the value of the output signal (X). Increase the auxiliary supply voltage
to the upper limit given in 6.2.4 and record the value of the output signal ().
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6.2.3 Computation

o X-R
The variations are: x100
Y-R
and: x100
Permissible variations
For AGauwxiliary—supphes—able—/—apphes-

Table 7 — Permissible variations due to AC auxiliary supply

Usage group Nominal range Variation
of use
% % of classyindex
| 90 to 110 50
I 80 to 120 50
" 80 to 120 50

For DC auxiliary supplies, Table 8 applies.

Table 8 — Permissible variations.due to DC auxiliary supply

Usage group Nominal range Variation
of use
% % of class index
| 85 to 125 50
I 85 to 125 50
" 85 to 125 50

6.3 |Variations duge to’auxiliary supply frequency
6.3.1 Application

All trapsducers-requiring an AC auxiliary supply except where this is obtained from the input
voltage or(current and the connections cannot be separated for testing purposes.

6.3.2 Procedure
Apply the nominal value of auxiliary supply frequency and record the value of the output signal

(R). At a constant value of the measurand, reduce the auxiliary supply frequency to the lower
limit given in 6.3.4 and record the value of the output signal (X).

Increase the auxiliary supply frequency to the upper limit given in 6.3.4 and record the value of
the output signal (7).

6.3.3 Computation

X-R

The variations are: x100
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YR 100

and:

6.3.4 Permissible variations

Table 9 applies.

Table 9 — Permissible variations due to auxiliary supply frequency

Usage group Nominal range Variation
of use
% % of class index
| 90 to 110 50
1 90 to 110 50
1] 90 to 110 50

of the

me for
I (X).

same

6.4 |Variations due to ambient temperature
6.4.1 Application
All traphsducers.
6.4.2 Procedure
At a donstant value of the measurand and at reference temperature, record the value
outpuf signal (R).
Incredse the ambient temperature to the upper limit given in 6.4.4 and allow sufficient ti
conditjons to stabilize (30 min is usually~adequate). Record the value of the output signg
Reduge the ambient temperature_to the lower limit given in 6.4.4 and allow the
stabiligation to take place. Record’the stabilization time and the value of the output signal (7).
6.4.3 Computation

X-R
The variations are: x100

Y-R
and: x100
6.4.4 Permissible variations
Table 10 applies.

Table 10 — Permissible variations due to ambient temperature

Usage group Nominal range Variation
of use
°C % of class index
| 10 to 35 100
1 0 to 45 100
1] -10 to 55 100
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6.5 Variations due to the frequency of the input quantity(ies)
6.5.1 Application

All transducers except frequency transducers. Frequency sensitive transducers (e.g. those
employing phase shifting circuits) are exceptions and the nominal range of use shall always be
marked.

6.5.2 Procedure

Apply the nominal value of the input frequency and record the value of the output signal (R).

At a constant value of the measurand, reduce the frequency to the lower limit given in 6'5{4 and
record the value of the output signal (X).

Incredse the frequency to the upper limit given in 6.5.4 and record the value of.the output(signal

().
6.5.3 Computation

X-R 100

The variations are:

Y-R 100

and:

6.5.4 Permissible variations

Table |11 applies.

Table 11 — Permissible variations due to the frequency of input quantity

Usage group Nominal range Variation
of use
% % of class index
| 90 to 110 100
I 90 to 110 100
1 90 to 110 100
Rrequency sensitive As marked 100

6.6 [Variations due to the input voltage

6.6.1 Application

All transducers except voltage and current transducers.

6.6.2 Procedure

Apply the nominal value of the input voltage and record the value of the output signal (R).

At a constant value of the measurand, reduce the voltage to the lower limit given in 6.6.4 and
record the value of the output signal (X).

Increase the voltage to the upper limit given in 6.6.4 and record the value of the output signal (7).
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6.6.3 Computation

X-R

The variations are: x100

Y-R

and: x100

6.6.4 Permissible variations

Table d2—appHes-

IEC 60688:2021 RLV © IEC 2021

Table 12 — Permissible variations due to the input voltage

Usage group Nominal range Variation
of use
% % of classyindex
| 90 to 110 50
I 80 to 120 50
" 80 to 120 50

6.7 |Variations due to the input current
6.7.1 Application

Phasqg angle and power factor transducers.

6.7.2 Procedure

Apply the nominal value of the input . Current and record the value of the output signal (R).

At a cpnstant value of the measuirand, reduce the input current to the lower limit given in 6.7.4

and rgcord the value of the output signal (X).

Incredse the input current to the upper limit given in 6.7.4 and record the value of the putput

signall(Y).
6.7.3 Computation

X-R

x100

The varriations are:

Y-R 100

and:

6.7.4 Permissible variations

Table 13 applies.
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6.8
6.8.1

Appar

6.8.2

Table 13 — Permissible variations due to the input current

Usage group Nominal range Variation
of use
% % of class index
| 20 to 120 100
I 20 to 120 100
11l 20 to 120 100

Variat et taet
Application

bnt, active and reactive power transducers.

Procedure

Apply

increa
0,51a

For co
valueg

Active)
power|

6.8.3

The variations are:

and:

6.8.4

Table

and r}cord the two values of the output signal (R). At a constant.value of the meas

respectively 50 % (5 %) of the nominal value of the input curreqitjat a power factor

e the input current to 100 % (10 %) of the nominal valuesand reduce the power fa
/lead, respectively. Record the two values of the output'signal (X).

nvenience, when testing the reactive power transdugers, it is usual to apply the equ
of sin .

power transducers shall also be tested for\error at a power factor of zero and re
transducers at a sin ¢ = 0.

Computation

X-R

x100

YR

x100

Permissible variations

14 apphes.

of 1,0
urand,
ctor to

valent

active

Table 14 — Permissible variations due to power factor

Usage group Nominal range of use Variation

% of class index

| Cos (sin)9=0,5...1...0,5 50
Il Cos (sin)9=0,5...1...0,5 50
1] Cos (sin)9=0,5...1...0,5 50

For all transducers, the error at a power factor of zero (or sin ¢ = 0) shall not exceed 100 % of
the class index.
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6.9 Variation due to output load
6.9.1 Application

All variable output load transducers.

6.9.2 Procedure

Apply a value of output load equal to the mean value of the nominal range and record the value
of the output signal (R).

At a caonstant value of the measurand, reduce the resistance of the output load to the lower limit
given jn 6.9.4 and record the value of the output signal (X).

Increase the resistance of the output load to the upper limit given in 6.9.4 and record the value
of the|output signal (Y).

6.9.3 Computation

X-R 100

The variations are:

Y-R 100

and:

6.9.4 Permissible variations

Table |15 applies.

Table 15 — Permissible variations due to output load

Usage group Nominal range Variation
of use
% % of class index
| 10 to 100 50
I1 10 to 100 50
11l 10 to 100 50

6.10 |Variations due to distortion of the input quantity(ies)

6.10.1—Apptication

All transducers characterized by the manufacturer for use on systems having distorted
waveforms, except harmonics transducers.

6.10.2 Procedure

Apply the chosen value of input quantity with no distortion and record the value of the output
signal (R). Introduce third harmonic distortion at the level given in 6.10.4, maintaining the RMS
values constant, and record the value of the output signal (X). The phase relationship between
the harmonic and the fundamental should be varied so as to determine the most unfavourable
conditions.

For apparent, active and reactive power transducers, the test is performed with distorted current
waveform and then repeated with distorted voltage waveform.
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For apparent active and reactive power transducers not employing phase shifters, the
permissible variations are given in 6.10.4.

For reactive power transducers employing phase shifters, the permissible variations shall be
specified by the manufacturer.

6.10.3

The variation is:

Computation

X-R 100

6.10.4 Permissible variations

Table

6.11
6.11.1
All tra

6.11.2

The tr
and o
produ
are al
absen

16 applies.

Table 16 — Permissible variations due to distortion of input quantities

Usage group Nominal range of use Variation

% of class index
| Distortion factor 0,2 200

I Distortion factor 0,2 200

I Distortion factor 0,2 200

Variation due to magnetic field of external origin
Application

hsducers.

Procedure

f radial thickness small_¢ompared with the diameter{seeNete}. Other devices
e an adequate homogeneous magnetic field in the absence of the transducer und
50 permissible. 400vampere-turns in this coil will produce, at the centre of the coil,
ce of the transduger under test, a magnetic field strength of 0,4 kA/m. The magnet

shall e produced by-a current of the same kind and frequency as that which energiz

meas\
and o

Any tn
mean

ring circuityand shall be such as to have the most unfavourable combination of
ientation\The values of AC fields are expressed in RMS values.

ansducer having an external dimension exceeding 250 mm shall be tested in a
diameter not less than four times the maximum dimensions of the transduce

bnsducer is placed in the.centre of a coil of 1 m mean diameter, of square cross gection

which
er test
in the
c field
s the
phase

coil of

. The

magnetic field strength being the same as that given above.

In the

absence of the external field, record the value of the output signal (R).

At a constant value of the measurand, apply the external field and record the value of the output

signal

6.11.3

The variation is:

(X).
Computation

X-R 100
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6.11.4 Permissible variations

Table 17 applies.

Table 17 — Permissible variations due to magnetic field of external origin

Usage group Variation

% of class index

| 100
1 100

i 400
T TOT

6.12 [Variation due to unbalanced currents
6.12.1 Application

Multi-¢lement apparent, active and reactive power transducers.

6.12.2 Procedure
The ctlirrents shall be balanced and adjusted so that the output'signal is approximately

middlg of the span or, if zero output signal is within the span, half-way between zero a
upper|nominal value of the output signal. Record the valué of the output signal (R).

Discopnect one current, maintaining the voltagesbalanced and symmetrical, and adju
other gurrents, maintaining them equal, so as to restore the initial value of the measuran

Recorf the value of the output signal (X).

6.12.3 Computation

X-R 100

The variation is:

6.12.4 Permissible variations

Table |18 applies.

Table 18 — Permissible variations due to unbalance currents

Usage group Variation

in the
nd the

st the
d.

o O CIAaSsS Index

| 100
1 100
I 100

6.13 Variation due to interaction between measuring elements
6.13.1 Application

All multi-element apparent, active power and reactive power transducers except
employing two measuring elements for measuring three-phase four-wired unbalanced

those
power

with three current circuits (sometimes known as "two and a half elements") and those reactive

power transducers using cross-connection methods.
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6.13.2

Procedure

The voltage input of one measuring circuit alone shall be energized at nominal voltage. The
current input of each of the other measuring circuits shall be energized in turn at nominal current.
The maximum departure of the output signal (X) from that corresponding to zero of the
measurand shall be noted whilst the phase angle between the voltage and currents is changed

throug

h 360°.

If the auxiliary supply is common to one of the voltage input circuits, this circuit shall be the one
to which the voltage is applied.

6.13.3—Gemputation

X
The variation is: 7><100

6.13.4

Table

Ta

6.14
6.14.1

All tra

6.14.2

The tr
4 h. E

specif

After

ble 19 — Permissible variations due to interactions betweén measuring eleme

Permissible variations

19 applies.

Usage group Variation

% of-class index
I 50

1l 50

" 50

Variation due to self-heating
Application

hsducers.

Method

ansducer shall be at ambient temperature and shall have been disconnected for aft least

hergize the, transducer in accordance with-4-5-
led-inTFable-2) reference conditions defined in Table 4 and Table 5.

min-and before the third minute, determine the value of the output signal (X). R

HA—a$s

epeat

this pn

ocedure between the 30th and 35" minute after energization (R).

6.14.3

The variation is:

Computation

X-R

x100

6.14.4 Permissible variations

Table

20 applies.
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Table 20 - Permissible variations due to self-heating

Usage group Variation

% of class index
I 100

1l 100

] 100

Variation due to continuous operation

6.15.1

All tra

6.15.2
Energ

Recor
examf

6.15.3

The variation is:

6.15.4 Permissible variation

A var
requir

6.16
6.16.1
All tra

6.16.2

At a g
output

terminal andearth. Record the value of the output signal (X).

Application

hsducers.

Procedure
ze the transducer under reference conditions for at least thecpreconditioning f

i the value of the output (R). After a convenient period of-tontinuous operatic
le 6 h, note the value of the output (X).

Computation

X-R 100

ements appropriate to its accuracy class.

Variation due to common_mode interference
Application

nsducers having an_analogue output signal.

Procedure

onstant value of the measurand near the upper nominal value, record the value
signah(R). Apply a voltage of 100 V RMS, at 45 Hz to 65 Hz, between either

6.16.3

The variation is:

6.16.4

Table

eriod.
n, for

ation is allowed but the transduceryshall continue to comply in all respects with the

of the
putput

Cﬁiiirjutﬁtlon

X-R 100

Permissible variations

21 applies.
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6.17

— 43—

Table 21 - Permissible variations due to continuous operation

Usage group Variation

% of class index
100
100

100

Variation due to series mode interference

6.17.1

All tra

6.17.2

At a ¢

Application

nsducers having an analogue current output signal.

Procedure

pnstant value of the measurand near the upper nominal value and with the comp

voltage at 80 % of the maximum value, record the value of the output.signal (R).
Apply fa voltage of 1 V RMS at 45 Hz to 65 Hz, in series with thelgutput signal. Record the
of the [output signal (X).
NOTE |The internal DC resistance of the source of the series-mode\interference, if excessive,-may can ir
the testiresults, especially for the fixed output load transducers.
6.17.3 Computation
X-R
The variation is: x100

6.17.4 Permissible variations
Table [22 applies.
Table 22 — Rermissible variations due to series mode interference
Usage group Variation
% of class index
I 100
Il 100
1l 100
6.18 Permissible excessive inputs
6.18.1 General

liance

value

fluence

After completion of the tests described in 6.18.2 and 6.18.3 and after having regained
equilibrium with the reference value of the ambient temperature, the transducer shall comply
with the requirements appropriate to its class index.

6.18.2

Continuous excessive inputs

The transducer shall withstand the application of excessive inputs simultaneously for 24 h.

a) Voltage inputs, including auxiliary supplies, shall be subjected to 120 % of the nominal value
of the voltage.
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b) Current inputs shall be subjected to 120 % of the nominal value of the current.

6.18.3 Excessive inputs of short duration

The tests shall be made under reference conditions. The excessive input amplitudes of short
duration which shall be applied to transducers are:

a) for voltage inputs: 200 % of the nominal value of the measured voltage applied for 1 s and
repeated 10 times at 10 s intervals;

b) for current inputs: 20 times the nominal value of the measured current applied for 1 s and
repeated 5 times at 300 s intervals.

The tgst circuit shall be substantially non-reactive.

After testing, the intrinsic characteristics of the transducer shall be unchanged.

6.19

The rgquirements for the voltage test and other safety requirements are included in IEC §

1:201

6.20
6.20.1

standardized impulse waveform of 1,2/50 us, shall be applied to transducers as follows:

— be
— be

Three

Any flashover (capacitance discharge) shallibe considered a criterion of failure unless ocq
in a component designed for such.

For fu
1:201

Voltage test, insulation tests and other safety requirements

to which reference shall be made.

Impulse voltage tests

A peak test voltage of 5 kV in both positive and negative senses, havir

fween the earth terminal and all the other terminals connected together;
fween the terminals of each circuit in turn, albother circuits being earthed.

positive and three negative impulses *shall be applied at intervals of not less thg

rther details of the impulse\yoltage test, reference-shalt should be made to IEC §
and IEC 61010-2-030:204-7.

1010-

g the

ns5s.
urring

1010-

6.20.2 After completiontof the impulse voltage test, the transducer shall comply with the

requir

6.20.3 Auxiliarysircuits with a reference voltage of over 40 V shall be subjected to the in

voltag

6.21

bments appropriateto its class index.

e test underthe same conditions as those already given for the other circuits.

High frequency disturbance test

hpulse

S Irr\r\Anr\r\/ L o)
ee |IEC o Trozo(armrpartsy:

6.22
The tr

— ea

Test for temperature rise
ansducer shall be energized as follows:

ch current circuit shall carry a current of 1,1 times the nominal current;

— each voltage circuit shall be supplied with a voltage of 1,2 times the nominal voltage.

These conditions shall be maintained for at least 2 h. During the test, the transducer shall not
be exposed to forced ventilation nor to direct solar radiation.

The temperature rise of the following parts of the transducer shall not exceed:

— for input circuits: 60 K;
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for

the exterior surface: 25 K.

6.23 Other tests

If, by agreement, other tests are required,+eferte the following publications shall apply:

7

71

Trans
markings listed below. The markings shall be legible and indelible. The symbols refer
below

a)
b)
c)
d)

e)
f)
g)
h)

for
for
for

vibration: IEC 60068-2-6;
shock: IEC 60068-2-27;
electromagnetic compatibility: IEC 61326-1:2020.

arking and information for TRD1

M4
M4

Marking on the case
jucers shall bear, on (or visible through) one of the external surfaces of the cas
are specified in Table 24.

nufacturer's name or mark.
nufacturer's type designation.

S

Software version (version of software that reside in the transducer — if any for
transducers only).

Cl
N4
Lo

R4
is

imits of the measuring range,,if appropriate (see 5.9).

rial number or date code.

ss index (symbol E-10 or E-11).
ture of the measurand and number of circuits\(symbol B-2, B-4 or B-6 to B-10).
wer and upper nominal values of the measurand.

tios of current transformers and voltage' transformers, if any, with which the trans
ntended to be used.

nge of values of the output curfent (voltage) and output load within which sp
eration is obtained (analoguessignals only).

\

(s
S
N
C

Po

rial number(s) of the associated equipment, if applicable.
lue(s) of the auxiliary~supply, if relevant.

bol showing that some other essential information is given in a separate doc
mbol F-33).

ace for adjustment data (if appropriate).
minalsange of use for temperature, symbolized as usage group I, Il or Ill.

mimon mode voltage.

e, the
red to

digital

ducer

bcified

ument

llution degree according to IEC 61010 (all parts).

Other required safety symbols according to IEC 61010-1:2010.

If the markings and symbols are on an easily removable part, such as a cover, the transducer
shall have a serial number which shall also be marked on the body of the transducer.

Transducers having a non-linear relationship between input and output shall be marked with
the symbol F-33, and actual relationship between input and output shall be given in a separate
document.

NOTE To be given if there is sufficient space on the case, otherwise to be given in a separate document.
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7.2 Markings relating to the reference conditions and nominal ranges of use
for transducers

7.21 The reference values (or ranges) and nominal ranges of use, if different from those

given in Table 3 and Table 4 and Clause 6, shall be marked on the transducer or given in a
separate document.

7.2.2 When a reference value or a reference range is marked, it shall be identified by
underlining.

Table 23 shows the significance of the various markings, for example for temperature.

Table 23 — Examples of marking relating to the reference conditions
and nominal range of use for temperature

Example Meaning
-5...23...55°C Conforms to group |
-25...15...30...70°C Conforms to group Il
-35...0...45...75°C Conforms to group Il
0..25...40°C Reference value: 25 °C

Nominal range of use:(0 °C to 40 °C

-5...20...30...35°C Reference range: 20 °C to 30 °C

Nominal range,ef use: -5 °C to 35 °C

Three or four numbers shall always be used.

7.3 Identification of connections and terminals

If so required for the correct use of the-transducer, a diagram or table of connections shall be
supplied and the terminals shall be ¢learly marked to show the proper method of connection.

If a tefminal of a measuring circuit is intended to be kept at, or near to earth (ground) potential
(for example, for safety or functional reasons), it shall either be marked with a capital N|if it is
intended to be connected.to the neutral conductor of an AC supply circuit, or it shall be marked
with symbol F-45 (see Table 24) in all other circumstances.

The darthing terminal(s) shall be marked using symbol(s) F-31 and/or F-42 to F-45, as
appropriate.

7.4 |Information to be given in a separate document

The following information shall be given in the document supplied with the transducer:

— response time;
— the variation due to a magnetic field of external origin;

— the actual relationship between input and output (see required indications according type of
curves given in 5.3 for output current transfer functions).
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Table 24 — Symbols for marking transducers

Ne- kem Symbel

B N Iy ity(ies) and | ; - -

B4 | IEC60417-56031-Directcurrent; r E
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IEC-60417-5005- Plus: positivepolarity: r "
L .
r T
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No. Item Symbol
B Nature of input quantity(ies) and number
of measuring circuits
B-1 | DC circuit (for auxiliary supply only) IEC 60417-5031 —
(2002-10)
B-2 [ AC circuit (single phase) IEC 60417-5032 NV
(2002-10)
B-3 | DC and AC circuit IEC 60417-5033
(2002-10) NS
B-4 | Three-phase AC circuit (general symbol) IEC 60417-5032-1 3 /N
(2002-10)
B-6 |[[Pne measuring element for three-wire network IEC 60417-5032-1 3 /AN 1E
(2002-10)
B-7 | Pne measuring element for four-wire network IEC 60417-5032-2 3N /\_/ 1E
(2002-10)
B-8 [[f'wo measuring elements for three-wire network with IEC 60417-5032:1 3/ N\ 2E
Linbalanced load (2002-10)
B-9 [[f'wo measuring elements for four-wire network with IEC 604 4745032-2 3N 7 N\/ 2E
Linbalanced load (2002-10)
B- [[rhree measuring elements for four-wire network with IEC\60417-5032-2 3NN\ 3E
10 |[pnbalanced load (2002-10)
C Pafety (see IEC 61010-1:2010)
E A\ccuracy class
E- |[Elass index (e.g. 1) when the fiducial value corresponds folthe — | 1]]
10 | ppan
E- |[Flass index (e.g. 0,5) when the fiducial value corrggponds to -— ‘ 0,5//0,5 ‘
11 | palf the span
F (General symbols
F- | Earth (ground) terminal (general symbol) IEC 60417-5017
31 (2006-08) |
F- | [Caution, (refer to a separate docament) ISO 7000-0434B |
33 (2004-01) ! &
F- |Frame or chassis terminal IEC 60417-5020
42 (2002-10) VA
F- | Protective earth (dround) terminal IEC 60417-5019
43 (2006-08) J_
F- | Functionakearth terminal IEC 60417-5018
44 (2006-08) }
F- | Measuring circuit earth (ground) terminal IEC 60417-5073 \
45 (2006-08) —
F- | Positive terminal IEC 60417-5005
46 (2006-08)
F- | Negative terminal IEC 60417-5006 -_
47 (2006-08)
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Annex A
(normative)

Requirements for TRD2

General

Clause A.1 to Clause A.3 follow the numbering of those in the main part of the document.

A.1 [Scope Q
Claus¢ 1 applies, with the following addition: '\Q‘
Nominal voltage is limited to 1 000 V AC and 1 500 V DC. (I/Qq/

&
A.2 | Normative references Q@

©
Claus¢ 2 applies. <</C)
g\\
A.3 |Terms and definitions QQ ©
Clause 3 applies. \Q
N

A.4 | Environmental conditions \‘Q®
A.4.1| General \ @
TRD2| are used in the enviro é%»%l conditions of measuring equipment such as
complying with IEC 61557-12: 2o\§“or PQIl complying with IEC 62586-1:2017.
A.4.2 Normal enwro§ental conditions
Vario(

S enwronmenti@ch as electrical distribution systems or supply grids, can be cons

as nornmal enwron&

Norm4

A.4.3

| enviro@%ﬂal conditions have been translated in ratings in Clause A.5.

\{é)ecial environmental conditions

There

A.5

A.5.1

might be specific or more severe environmental conditions.

Ratings for TRD2

General

The basic ratings of TRD2 shall include the following items (as applicable).

1) Input ratings

Th

rated frequency (f,);
rated input voltage (U,).

e ratings for a TRD2 having a current monitoring input shall include, in addition,

PMD

dered
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e rated input current (Ipr),

 rated extended input current factor (Kqp),
e rated continuous thermal current (/).
e rated short-time thermal current (/,), and
e rated dynamic current (Idyn).

2) Output ratings

e rated output current (/g,), for TRD2 delivering a current output;

e [Tated output voltage (U,), 1or TRDZ delivering a voltage outpur, A
o | rated output frequency (f,), for TRD2 delivering a frequency output; Q}/
e | rated burden Z,,. (1/'\

Q

3) Ggneral ratings ‘1,
e | rated accuracy class; @Cb(b
e | rated temperature class; @Q

e | rated humidity class; <</C)

o | rated auxiliary power supply, if any; G\\

e | overvoltage category;

e | measurement category, if any. QQ
NOTE [See guidance in IEC 61010-2-030:2017. \Q
A.5.2 Input ratings \‘Q
A.5.2. Rated frequency .\@$
For AC applications, the standard va\@es of the rated frequency are 16,7 Hz, 50 Hz, 60 Hz and
400 HE. N~

.\Q
A.5.2.p Input voltage ratings
The rgted input voltag Il be specified by the manufacturer, taking into account Anngx | of

IEC 61010-1:2010 a C 61010-1:2010/AMD1:2016.

-

A.5.23 In@rrent ratings

A.5.23.1 %Rated input current

The rdtéd“input current value shall be specified by the manufacturer.

A.5.2.3.2 Rated extended input current factor

A value for the rated extended input current factor may be assigned to the TRD2 by the
manufacturer.

A Keper shall be assigned to the TRD2; the minimum value allowed is 1,2.

NOTE The selection of proper input and output rated values is supposed to be consistent with input limits of the
associated measuring equipment.

A.5.2.3.3 Rated continuous thermal current (7,)

The standard value for the rated continuous thermal current of the TRD2 is the rated input
current.
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When a rated continuous thermal current greater than the rated input current is specified, the
preferred values are 120 %, 150 % and 200 % of rated input current.

A.5.2.4 Short-time current ratings

A.5.2.4.1 Rated short-time thermal current (1)

A rated short-time thermal current (/;;,) shall be assigned to the equipment.

If the duration is not specified, the value of the duration of the rated short-time thermal current
is1s.

A.5.2.|4.2 Rated dynamic current (I4y,) Q§

If not ptherwise specified, the standard value of the rated dynamic current ([619'\) is 2,5 times

the rated short-time thermal current (). (19
&

A.5.3| Output ratings Q@

A.5.3 . Rated output interfaces C)@

Rated|output interfaces are defined through interface codingg\ég{jefined in Annex B.

)
NOTE |Annex B provides also most common output interfaces. QQ

Output ratings are defined at /,, for TRD measurigggurrent, and at Uy, for TRD2 meapuring

voltagk. Q
%
A.5.3.p Rated burden $\'\Q
A.5.3.2.1 Rated burden for TRDZ\Q%h an AC or DC voltage output, or a frequengcy
output \Q
The pfeferred value of rated n is defined by a resistance in parallel with a capaditance

according to Table A.1. O

Table A.1 —@d burden for TRD2 with an AC or DC voltage output,
C) or a frequency output
N,
OS\ urden Resistance Capacitance

A

<AQ z, U 2 MQ 50 pF
C)\
N

The impact of the total burden impedance range on accuracy is covered under accuracy clauses.

Attention should be paid to the parallel capacitance of instruments. If the transmitting cable is
not part of the TRD2, the capacitance of the cable shall be considered as part of the burden.

NOTE Typical cable capacitance is in the range from 15 pF/m to 100 pF/m.

If a cable is factory mounted, it shall not be changed/modified in order to preserve the specified
characteristics of the device, except if special considerations are undertaken to take into
account the modified characteristics of the TRD2 based on manufacturer’s information.

A.5.3.2.2 Rated burden for TRD2 with an AC or DC current output

The preferred value of rated burden is defined by the impedance in parallel according to
Table A.2.
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Table A.2 — Rated burden for TRD2 with an AC or DC current output

Burden Resistance Power factor
Z, 1 1Q 1
Z,, 12 2,7Q 1

Other values of rated burden may be chosen with output power up to 0,05 VA.

A.5.3.3 Power supply
Rated|external power supply and power supply provided by measuring equipment con’nk( ted to
TRD2|output are defined in Annex B. Qy
A.5.4 General ratings (19(1/
A5.4( Accuracy classes ng
The sfandard accuracy classes for TRD2 are defined in Table A.7Q)Qg%le A.8, Table A[9 and
Table|A.10. C)
A.5.4. R \<</
5.4, ated temperature classes ‘\
The sjandard temperature classes K40, K45, K55, K@%nd Ks for TRD2 are defined|in the
below|Table A.3. Q
O
Table A.3 — Rated te@ﬁeratures for TRD2
DOV
oY
K40 57 K55 d K70 ¢ Ks ffd
temperature ,t@ erature temperature temperature temperpture
class A\ class class class of TRD2 | class of| TRD2
Rated|operating range © -5°C to \§> -10 °C to -5°Cto -25°Cto According to
(with gpecified +40 “O\l +45 °C +55 °C +70 °C manufacturer's
- . e 1 g
uncerfainty) f\‘C) specification
Limit yange of operation -10=C to -25°C to -5°Cto -25°C to
(no hafrdware failures) \+55 °C +55 °C +55 °C +70 °C
\N)
Limit yange for storage () -25°C to -25°C to -25°C to -40 °C to
and shipping +70 °C +70 °C +70 °C +85 °C
a8  Linpits shall be@a by the manufacturer according to the application.
b Ks|stands fo@ cial temperature class.
¢ An|operatifig temperature is the highest temperature of the air in close proximity to TRD2.
4 K4p perature class corresponds to FI1 of IEC 62586-1:2017 and "indoor use" conditjon of
|IEC82052=1+12020~
K55 temperature class corresponds to K55 class of IEC 61557-12:2018.
K70 temperature class corresponds to K70 class of IEC 61557-12:2018.
Ks temperature class corresponds to any other temperature class, e.g. Kx class of IEC 61557-12:2018, or FI2
or FO classes of |IEC 62586-1:2017.

A.5.4.3 Rated humidity classes

Table A.4 provides the rated humidity classes (standard humidity class and extended humidity

class) for TRD2. See Figure A.1.
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Table A.4 — Rated humidity classes

Standard humidity class Extended humidity class
Rated operating range 0%to75%RH?P 0 % to above 75 % RH 2P
(with specified uncertainty)
Limit range of operation for 30 days/year 0%to90 % RHP 0 % to above 90 % RH 2P
Limit range for storage and shipping 0% to 90 % RH P 0 % to above 90 % RH 2P
2 Limits shall be defined by manufacturer according to the application.
b Relative humidity values are specified without condensation.

S A
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Figure A.1 — Relationship :between ambient air temperature and relative humidity

A.6 [ Requirementsfor design of TRD2

A.6.1 General

If a TRD2 issspecified for both AC and DC measuring applications, both AC ard DC
requiremeytts-apply.

However—tfa TRD2tsspectfiedfor DC Measurig with AC TOMpoNents (AC Tipptes),only DC

requirement apply.

Unless otherwise specified, all the requirements of A.6.1 to A.6.9 apply for TRD2 measuring
AC or DC applications.

A.6.2 Safety requirements
A.6.2.1 General
Two classes of TRD2 are defined.

— Class F: TRD2 shall fully comply with the safety requirements of IEC 61010-1:2010 and
IEC 61010-1:2010/AMD1:2016 and IEC 61010-2-030:2017, with additional requirements
specified in A.6.2.2 to A.6.2.13. Class F is recommended for new designs.
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— Class D: TRD2 shall mostly comply with the safety requirements of IEC 61010-1:2010 and
IEC 61010-2-030:2017, with additional requirements specified in A.6.2.2 to A.6.2.13, but
with some deviations compared to class F. In such a case, compliance to IEC 61010-1
cannot be claimed.

A.6.2.2 Protection against electric shocks

A.6.2.2.1 General

For TRD2 class F, Clause 6 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 and
IEC 61010-2-030:2017 applies with the below additional requirements.

Cleard
accor(

- po
— m¢g

- oV

For TH
be baj

Cleard
accor(

- po
- oV
NOTE

A.6.2.
A.6.2.

nces and creepage distances as well as solid insulation shall be selected atylqg

ance with
&

lution degree 2, N
asurement category lIll, for measuring circuits, and (I/Qq/

brvoltage category lll, for other circuits, if any.

P
RD2 class D, levels of insulations can be either identical to tg;?defined for clas
ted on IEC 60664-1:2020, with the below additional require@ S.

nces and creepage distances as well as solid insulaki}«n shall be selected at le

ance with Q (@)
lution degree 2, and QQ
brvoltage category Ill. \\
QO
beneral information is provided in Annex G. @
&

D.2 Accessible parts N\

)
2.2.1 Output terminals of T‘k\DZ
xO

.

Outpuf terminals of transducers tebe connected to the measuring equipment shall gener

considg

This i
RJ45,
do nof

Some
relate

ered as accessible partj\\

b especially true f@efminals equipped with an information technology connecto

ast in

s F or

ast in

blly be

r (e.g.

DB9, or similaar&.lj n connectors) or with stranded wire, where skilled or unskilled people

expect a haé us voltage.

exemptijofhmay apply on condition they are based on a risk analysis, in which ca
i miti n measures shall be documented.

A.6.2.

se the

2?& Outer surfaces of TRD2

Outer surface of transducers intended to be installed outside a cabinet, a panel or a cubicle
shall generally be considered as accessible parts.

Some exemption may apply on condition they are based on a risk analysis, in which case the
related mitigation measures shall be documented.

A.6.2.2.3 Insulation provided by cables, busbars and bushings

Manufacturers shall specify in the technical documentation

— the kind of insulation requested on the cables or busbars or bare conductors to measure,
and

— the kind of bushings to use, if any.
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NOTE Guidance on insulation of cables or bushings is provided in Annex F.
A.6.2.2.4 Insulation within a panel

Manufacturers shall specify in the technical documentation if a minimum distance needs to be
maintained between outer surfaces of the TRD2 (or its output circuits) and other equipment
such as metallic parts or another TRD2 in its proximity.

A.6.2.2.5 Automatic disconnection

TRD2 class F shall comply with the requirements of IEC61010-1:2010 and
IEC 61010-1:2010/AMD1:2016 related to automatic disconnection.

TRD2|class D shall either comply class F requirements or comply with the requi@ents of
Clausé¢ 15 of IEC 61558-1:2017 related to automatic disconnection. N

A.6.2.3 Protection against mechanical hazards (I/Q
Claus¢ 7 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 app %(b

@Q
A.6.2.4 Resistance to mechanical stress C)

Clausg¢ 8 of IEC 61010-1:2010 applies with the below additiop\ quirements.

Outer|surface of transducers intended to be installed é(side a cabinet, a panel or a dubicle
shall meet, except for terminals and cords, Q

— IKQ7 (2 J) for indoor use, and \S
— IK08 (5 J) for outdoor use. %]
©) S

Outer[surfaces of transducers intended t installed exclusively inside a cabinet, a pgnel or
a cubifle shall meet, except terminals an&’cords, at least IKO2 (0,2 J) requirements.

xO
A.6.2.p Protection against th@spread of fire
Claus¢ 9 of IEC 61010-1: 201®d IEC 61010-1:2010/AMD1:2016 applies.

A.6.2.b Eqmpmen@perature limits and resistance to heat

Claus¢ 10 of IEC€1010-1:2010 and IEC 61010-1:2010/AMD1:2016 applies with the [below
additignal requi nts.

Manufct@shall declare for TRD2 intended to monitor currents

— if theSTRD2 is intended to be used with integral means to avoid any (thermal) conta¢t with
conductor (cable or busbar) or if it is intended to be used in (thermal) contact with the
conductor,

— if two TRD2, put side by side, can be continuously in (thermal) contact during service, and

- if a TRD2 can be continuously in (thermal) contact during service with another cable or
busbar in the vicinity.

NOTE Guidance on temperature of cables and busbars is provided in Annex F.
A.6.2.7 Protection against hazards from fluids
A.6.2.7.1 General

Clause 11.6 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 applies with the additional
requirements of A.6.2.7.2 and A.6.2.7.3.
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A.6.2.7.2 Degrees of protection for indoor use

For indoor use, outer surface of transducers intended to be installed outside a cabinet, a panel
or a cubicle shall meet IP40 requirements.

For indoor use, outer surface of transducers intended to be installed inside a cabinet, a panel
or a cubicle shall meet IP2X requirements.

This requirement is not applicable to installations where personnel cannot gain access to the
transducer without firstly de-energising the transducer and making it safe through some
controlled means (i.e. interlocking, documented operating instructions, etc.). In this case, the

need fe eaSHe e-Hretrarsadee RoHHePe ea ——— Aroduct
docunjentation.

&
A.6.2.f7.3 Degrees of protection for outdoor use N
The rgcommended minimum degree of protection for enclosures for outc TRD2 ig P44
according to IEC 60529. Cbe

For TRD2 with lower IP index or for higher installation needs, ad@mal protection feptures
againgt rain and other weather conditions shall be specified b @eans of the supplemgntary
letter W placed after the second characteristic numeral, or aft%}ue additional letter, if apy.

N

A.6.2.8 Protection against radiation, including Iasq Qources, and against soniq and
ultrasonic pressure

Claus¢ 12 of IEC 61010-1:2010 and IEC 61010-1{\@\0/AMD1:2016, if relevant, applies.

A.6.2.p Protection against liberated ga@?and substances, explosion and implpsion
Claus¢ 13 of IEC 61010-1:2010 and IEC\@%10-1 :2010/AMD1:20186, if relevant, applies.
A\

A.6.2[10 Components and subésgemblies
Clausé¢ 14 of IEC 61010-1:208@9@ IEC 61010-1:2010/AMD1:2016, if relevant, applies.

A.6.211 Protection b@hierlocks
Claus¢ 15 of IEC 61(ﬁ,®-1:2010, if relevant, applies.

A.6.2./12 Héﬁs resulting from application

S,

Claus¢ 16(0fMEC 61010-1:2010, if relevant, applies.

T

A.6.2.7 Risk assessment

Clause 17 of IEC 61010-1:2010, if relevant, applies.

A.6.3 EMC requirements
A.6.3.1 General

A.6.3 applies only to TRD2 with active electronic components.

TRD2 shall comply with the immunity requirements of A.6.3.2 and the emission requirements
of A.6.3.3.

They shall also comply with the requirements of IEC 61326-1:2020 in regard to
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t plan,

test,

test report, and

tructions of use.

A.6.3.2 Immunity requirements

TRD2

transducers covered by A.6.3 shall comply with IEC 61326-1:2020, Table 2, with

e the ports as defined in Table A.5, below,

o—thfmmmmmmmmnmw
Taple A.6, and

N\
recommendation that devices are tested at 5 kHz for IEC 61000-4-4, instea%\‘ 10D kHz.

below

+—the R
Table A.5 — Definition of ports Qq’
Port Items related to transd(g?é
fiad

Enclogure Inner surface and outer surface of the tr, @Rcer, including outer|
surface of connection cable and conr}gc@)s, if any.

1/0 signal/control Output terminals \J
Power supply terminals when pﬁo\med by the measuring equipmgnt
connected to the TRD2 out ut@a the connector, if any
Memory management te@w Is when provided by the measuring
equipment connected to/thfe TRD2 output via the connector, if any
Functional earth,¢f\\$y.

DC pdwer 2 Protective eartl@'f any.
Power sup ort, when supplied from an external power supply
source, i y.

~&
AC power Prot«@ve earth, if any.
r supply port, when supplied from an external power supply
,\:;{s‘ource, if any.
a8  Pdwer supply terminal intendegfbe connected to a low voltage DC supply (£ 60 V) where the powef ports
ar¢ isolated from the AC mains~dare not subject to transient overvoltages (i.e. reliably grounded, capaditively
filtered DC output circuits&Wd’ shall be regarded as I/O signal/control ports.
\\
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Table A.6 — Performance criteria for EMC immunity tests

Assessment criteria Conditions for acceptance

A Normal performance within the accuracy specification limits during and after the
test.

No change in the operating state is allowed nor is loss of data.

For transducers with digital output signal, this includes the state of quality and
sync bits.

During the tests, no individual sampled value error shall exceed 10 % of the rated
value.

A reset or restart is not allowed.

B Normal performance after the tests, within the accuracy specification limits forA
transducers.

An unintended change of the operating state is allowed if self-recoverableQHem borary
degradation of the performance is permitted during the tests, provide l'h@ functiop is
self-recoverable, i.e. without user intervention, if this is described i@bEMC tes{ plan
and if the information is provided to the end user. (1/

.

During the tests, no loss of stored data is allowed, and no inf{%@y’al sampled valge

error shall exceed 100 % of the nominal RMS value. %
A reset or restart is not allowed. @

C Temporary loss of function is permitted, provided the.function is self-recoverable pr
can be restored by the operation of controls. \

A reset or restart is allowed, provided that, du@ this cycle, the output signal is ¢ither
zeroed or the validity bit is set to invalid uer transducer is again within the ngrmal
performance limits.

The recovery procedure shall be proKiQd to the end user.

No permanent damage to the equi nt is allowed.

After a reset or restart: norrr\%l\gerformance within the accuracy specification limi{s

N
.. . ’\®
A.6.3.3 Emission requirements ~\

)
TRD2|covered by A.6.3 shall com \With the requirements of 7.2 of IEC 61326-1:2020 for class
A or c|ass B equipment. C)\\

A.6.4 Climatic requi@énts

A.6.4.1 Temper@@ requirements
TRD2|shall con@ith one of the temperature classes defined in A.5.4.2.

O

A.6.4.p ’@rrosion requirements

Risks o&rrosion should to be considered during design according to TRD2 intended uge.

A.6.5 Mechanical requirements
A.6.5.1 Vibration requirements

No additional requirements to the safety requirements.

A.6.5.2 IP requirements

No additional requirements to the safety requirements.
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A.6.6 Interface requirements
A.6.6.1 Input interface requirements

Input terminals, if any, shall be secure and reliable. Screw or screwless terminals are allowed.

A.6.6.2 Output interface requirements

Output terminals, if any, shall be secure and reliable.

For output terminals connection, one the following 4 options is possible:

— intpgral wire with flying leads, provided marking complies with A.6.8.3.4;
— tengminal for wires (e.g. spring terminals, screw or screwless terminals, termin \ock);
— a [RJ45 connector as described in Table A.7 may be used for short distancgi(& 10m);
— a gpecial connector, according to manufacturer specification. (19

Table A.7 — RJ45 connector pinout Cbcb
S0

A\
Pin: 1 2 3 4 5 6 7 8 @

Function: S1 S2 T1+ V+ V- T2— a n ( C)
N\Z

S1, S2: transducer output terminals, for transducers issuing a c ent output signal
a, n: transducer output terminals, for transducers issuing a_%eltage output signal

T1+, T2-: reserved for future use of TEDS connection (Q@ucer electronic data sheet,
ISO/IEC/IEEE 21451-4:2010).
The voltage level delivered to the transducer shallsr\@ xceed 5V DC.

V+, V-: power supply @
_ D
NOTE RJ45 cord can be shielded or not d&) ding on the length of the cord.
¥
A.6.7 Accuracy requirementij;\,O
A.6.7/ Accuracy classeejbcle TRD2 monitoring power factor with arithmetic method

(TRD2-PFA)

Accurfcy classes shal@q with performance classes defined in 4.8.8 of IEC 61557-12:2018
for power factor, aritimetic method.

A.6.7.p A@ﬁacy classes for TRD2 monitoring power factor with vector method
2-PFV)

Accura@ésses shall align with performance classes defined in 4.8.8 of IEC 61557-12:2018
f

for po actar _vectar method

A.6.7.3 Accuracy classes for TRD2 monitoring voltage THD (TRD2-THDU)

Accuracy classes shall align with performance classes defined in 4.8.14 of IEC 61557-12:2018
for voltage THD.

A.6.7.4 Accuracy classes for TRD2 monitoring current THD (TRD2-THDI)

Accuracy classes shall align with performance classes defined in 4.8.16 of IEC 61557-12 for
current THD.
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A.6.7.5 Accuracy classes for TRD2 monitoring AC current (TRD2-I1AC)
A.6.7.5.1 Limits of error (¢) and phase error

The limits for the error on the magnitude and phase (as applicable) at the rated frequency shall
not exceed the values given in Table A.8 for the specified accuracy class at the rated burden.

Table A.8 — Limits for error and phase error for TRD2-IAC

Error (as applicable) Phase error (as applicable)
Accuracy +% +min +Centiradians
cass at current (times rated input at current (times rated input at current (times rat&j input
current) current) current
0,01]0,05| 0,2 | 1,0 | K, |0.01]0,05] 0,2 | 1,0 | K, |0.01]0,05]| 0 QMO Keper
D, 1 - 04 (0201|011 - 15 8 5 5 - 04&‘}})4 0,15(| 0,15
D,2 - 0,75(0,35| 0,2 | 0,2 - 30 15 10 10 - 0,45 | 0,3]| 0,3
4,28 0,75(0,35| 0,2 | 0,2 { 0,2 | 30 15 10 10 10 | O %45 0,3 | 0,3|| 0,3
D,5 - 1,5 {0,75| 0,5 | 0,5 - 90 45 30 30 Q(b 2,7 11,35 0,9(| 0,9
4,55 1,5 {0,75| 0,5 | 0,5 | 0,5 | 90 45 30 30 %<02 1.35| 0.9 | 0.9]| 0.9
1 - 30|15 ] 10 ] 1,0 - 180 | 90 60 \g&) - 54 | 2,7 | 1,8]| 1,8
3 4,5 | 3,0 | 3,0 (@)

QO

A.6.7.5.2 Accuracy class for selectable-rati§t D2 with taps on the output

For all accuracy classes, the accuracy requirements refer to the highest transformation ratio,
unlesq specified otherwise. Q

N

The manufacturer shall give informatio@gﬁout the accuracy performance at lower ratios|

O
A.6.7.5.3 Influence of temp&(a}ure on accuracy

The gccuracy of the TRD2@1aII remain within the specified accuracy limits specified in
Table|A.7 over their ope@ng ambient temperature range.

A.6.7.6.4 Anti- a(;?ng requirements

Anneq C applleQ.

A.6.7.6 %Requlrements for the measurement of harmonics and low frequencieg
Q/ monitoring

Annex D applies.

A.6.7.6 Accuracy classes for TRD2 monitoring DC current
A.6.7.6.1 General

The ratio error for the DC component, at a burden equal to or higher than the rated burden,
shall not exceed the values given in Table A.9, expressed as a percentage of the measured
current. A graphical representation of error limits is shown in Figure A.2.

The accuracy shall be guaranteed for the whole range of temperature, for both polarities.
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Table A.9 — Limits of ratio error for TRD2-IDC

Error (as applicable)
+%
Accuracy

class at current (times rated current)
0,05 0,2 1 Koper
0,05 0,5 0,13 0,05 0,05
0,1 1 0,25 0,1 0,1
0,2 2 0,5 0,2 0,2
0.5 3.5 1 0.5 0.5

1 5 2 1 1

For cyrrent lower than 5 % of the rated current, the absolute error €, shall notiricrease jabove
the vajue at 5 %.

NOTE |The purpose of A.6.7.6 is to consider a minimum value of error due to offset(vQitage and noise.

A

Knar X]

k=]
—
A

Figure A.2 — Accuracy limits of a TRD2-IDC

A.6.7.6.2 Step response time

A value for the step response time T4 shall be specified.

A.6.7.6.3 Frequency bandwidth

A cut-off frequency shall be specified for an amplitude error of 3 dB.

A.6.7.6.4 Maximum amplitude of input current over frequency

If the rated input current cannot be sustained over the specified frequency bandwidth, a derating
shall be specified.
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A.6.7.6.5 Noise

— 63 -

A RMS value referenced to input and a frequency band shall be specified. Alternatively, values
for spectral noise density shall be specified at discrete frequencies.

Preferred values are under consideration.

A.6.7.7

Accuracy classes for TRD2 monitoring AC voltage

The voltage error and phase displacement at rated frequency shall not exceed the values given
in Table A.10 at any voltage between 80 % and 120 % of rated voltage.

The e
fuses

For TH
transf

A.6.7.
The v

rors shall be determined at the terminals of the TRD2 and shall include the effects

pr resistors as an integral part of the TRD2.

of any

RD2 with tappings on the output circuit, the accuracy requirements referto the hiighest
brmation ratio, unless otherwise specified.

Table A.10 — Limits of ratio error for TRD2-UAC

Accuracy Error (as applicable) Phase error (as\applicable)
Class +% +min +Centiradians
At % of rated voltage | At % of rated veltage | At % of rated voltage
80 100 120 80 100 120 80 100 120
0,1 0,1 0,1 0,1 5 5 5 0,15 | 0,15 | 0,15
0,2 0,2 0,2 0,2 10 10 10 0,3 0,3 0,3
0,5 0,5 0,5 0,5 20 20 20 0,6 0,6 0,6
1,0 1,0 1,0 1,0 40 40 40 1,2 1,2 1,2
3,0 3,0 3,0 3,0 Not specified Not specified

8 Accuracy classes'for TRD2 monitoring DC voltage

bltage error shall not\exceed the values given in Table A.11.

Table A.11 — Limits of ratio error for TRD2-UDC

A.6.7.9

Ac¢curacy Error (as applicable)
class 4o,
at % of rated voltage
5 28 48 78 4006 420
0,1 1 0,2 0,1 0,1 0,1 0,1
0,2 2 0,4 0,2 0,2 0,2 0,2
0,5 3,5 1 0,4 0,4 0,4 0,4
1 5 2 1 1 1 1
3 10 5 3 3 3 3

Requirements for short-time currents

The specified ratings shall be confirmed by a test specified in Clause A.7.
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A.6.7.10 Requirements for inter-turn overvoltage

For inductive TRD2 with mA outputs, the rated withstand voltage for inter-turn insulation of
output circuits shall be 2 kV peak according to a test specified in Clause A.7.

A.6.8 Marking requirements
A.6.8.1 Safety markings

Marking and operating instructions shall comply with IEC 61010-1:2010 unless otherwise
specified.

A.6.8.2 General markings A
All trapsducers shall carry at least the following markings: '\Q}/
a) name or trademark of the manufacturer or supplier; Qq’
b) a model number, name or other means to identify the equipment; q’
c) rafed frequency(ies) or declared rated frequency range; Q@cb
d) highest voltage of equipment.
e) other ratings defined in A.5.1: (</C)
. . N

— | input ratings;

— | output ratings. Q
If therp is not enough room on the TRD2 to write e requwed markings, a) and b) shall be

present on the product and symbol 14 in Table .9f IEC 61010-1:2010 shall be added |(if not
otherwise specified). Items c), d) and e) shall b% provided in the documentation.

)
A.6.8.8 Markings of terminals $
N
xO
The tgrminal markings shall |deng}iy~ as applicable,

A.6.8.B.1 General

e the¢ input and output termgéls

e the relative poIan’ue@&%ny,

o th¢ intermediate taps, if any, and

e tenfminals for r purposes, for example auxiliary power supply, earth connection, inputs,
oufputs, c Unication ports.

A.6.8.3.2 Q%Markings to be used

All TR Xehnll r\nmlr_)ly with rnqnirnmnnfc Ir_)rr\\lirh:r'{ in Annex E

A.6.8.3.3 Indication of relative polarities

For TRD2 monitoring current, all the terminals marked P1, S1 and C1 shall have the same
polarity at the same instant.

For TRD2 monitoring voltage, terminals having corresponding capital and lower-case markings
shall have the same polarity at the same instant.

A.6.8.3.4 Method of marking

The terminals shall be marked clearly and indelibly, either on their surface or marked (or
provided by others means) in their immediate vicinity.
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The marking shall consist of letters (in block capitals) followed by numbers, (or preceded where
necessary, e.g. for 2 output circuits), or with an arrow pointing from the P1 toward P2.

If possible, the output terminals shall be identified clearly and indelibly, either on the surface of
the transducer or, in case of an integrated cable with connector, in the immediate vicinity of the
connector. If not possible, the manufacturer shall in any case provide relevant information in
the product documentation.

A.6.9 Documentation requirements

A.6.9.1 General

The mljanufacturer shall make available to the purchaser the technical documentation,& hich is

necespary for the installation, use and maintenance of the TRD2. Q},
The fpllowing information shall either be marked on the transducer oréb;ecified n the
docunjentation: (1/
Q-
e mgss in kg (if > 25kg); %Cb
e alllmeasuring characteristics and all markings. @Q

The fdllowing information shall be specified in the documentat@.c)
e safety instructions (see 5.4 of IEC 61010-1:2010 an& é 61010-1:2010/AMD1:2016 and
sep A.6.2);
e idgntification of connections and colour code in\c\ge of flying leads connection;
e ingtructions for transportation and storage; \Q
e indtructions for assembly, installation, co;@gétion and maintenance;
e indtructions for dismantling and disp‘o Q\
e nojse spectral information for speciﬁ’x}transducers;
e rafings defined in A.5.1: \{:\
— |input ratings; \\0
— | output ratings; . O
— | general ratings. @
e EMC emission |£z Aorclass B ;
e safety classqﬁs. F or class D;
e limits of onment use and mitigation measures:

- gggr or outdoor use;

— Linstallation inside cabinets (or panels or cubical) with or without locking means:

.

— kind of bushings or other means for additional insulation.
A.6.9.2 Information for selection of TRD2

In order to facilitate the selection of transducers compatible with the instrument interface, an
interface code, as specified in Annex B, shall be documented by manufacturers.
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A.7 Tests for TRD2

A.71 Type tests
A711 General
A71.11 Selection of test specimens

All the type tests shall be carried out on a set of identical specimens.

A type test may also be considered valid if it is made on a TRD2 that has minor constructional
deviatiaons from the TRD2 under cansideration

All thg type tests shall be carried out at ambient temperature between 10 °C and Q}C

q/
(19

No spgcific sequence of test is requested. Cb(b
©

A.7.1[11.2 Sequence of tests

A7 Safety tests @Q
All rel¢vant clauses related to testin IEC 61010:2010 and IEC @g)o 1:2010/AMD1:2016 [apply.

N
A.718 Electromagnetic compatibility tests Q O

A.7.1.3.1 General
\Q

Test shall be conducted according to IEC 61326 s1\Q020

The measurements shall be made in the o$}:tmg mode in accordance with the EMC test plan
(arrangements, including cabling, repres@ tive of normal installation conditions, etc.).

A.7.1.8.2 Immunity tests \O

Tests |shall be conducted acet)sl@mg to requirements specified in A.6.3.2 with the following
additigns.

— The output equipmeﬁmd the auxiliary power supply if any, shall not be subjected|to the
tegt stress. C)

ity tests, the length of cable connections between the EUT and the putput
as auxiliary test equipment shall be the maximum allowed according|to the
mgnufact 's specifications.

- The shall be subjected, during the test, to the nominal input signal for which it is|rated.
Hg r, for ease of testing, in case of TRD2 monitoring current, it is allowed to redufce the
input current value, with a minimum of 10 % of the rated value or 10 A, whichever is greater.

A.7.1.3.3 Emission tests

Tests shall be conducted according to requirements specified in A.6.3.3 with the following
additions: TRD2 needs not to be loaded.

A.7.1.4 Climatic tests

Tests shall be conducted according to requirements specified in A.6.4.

A.71.5 Mechanical tests

Tests shall be conducted according to requirements specified in A.6.5.
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A.7.1.6 Accuracy tests

A.7.1.6.1 General

Tests

shall be conducted according to requirements specified in A.6.7.

The limits of error shall be tested at ambient temperature and at the rated frequency(ies).

A.7.1.6.2 Accuracy tests for TRD2 measuring AC currents

Accuracy measurements shall be made at each value of current given in the tables of A.6.7 for

the d

clared accuracy class and the rated frequency relevant to the type of trans

ucer.

Measl|
range

If a s¢

rements shall be made at the highest and at the lowest value of the specifith

&
curity factor FS is declared, the following test applies in addition. Qq:\

(1/

With the input circuit open-circuited, the output circuit is energized a?%éd frequenc

substad

reaches I, x FS x 0,1.

The R

The e
the av|
using

A.71.

Tests

ntially sinusoidal voltage. The voltage shall be increased until-he exciting cur

Q@
MS value of the obtained terminal voltage shall be Iess;{ the output limiting EM
O

citing voltage shall be measured with a transduo@ hich has a response proportig
brage of the rectified signal, but calibrated in RI\@. he exciting current shall be med
pn RMS measuring transducer having a min@m crest factor of 3.

6.3 Accuracy tests for TRD2 me@@ing DC currents

shall be made at each value of. @‘ﬁent given in the tables of A.6.7 for the de

accuracy class relevant to the type of tﬁé}sducer, at rated burden, and at ambient tempe

unless

The tqg

For in
absold

For th

accurLcy of t

manu
specif]

otherwise specified. xO

-

st shall be made up to @§'}ated input current (7).

but current equa ero, the measured absolute error shall not exceed the value
te error allow 0,05 x I,

-

e test at racy limit input current, the DC current source might not be availabl
hole system may be tested using an alternating DC signal input metho

urden

by a
ent I

= EFS'

nal to
sured

clared
ature,

of the

£. The
. The
at the

(zg? shall supply all necessary information for the calculation of the accuracy

K ut level.

For some technologies, instead of applying the input current on the input terminals, an auxiliary
test circuit may be used to supply a corresponding test current.

A.7.1.6.4 Accuracy tests for TRD2 measuring AC voltages

Tests shall be made at each value of the input signal given in A.6.7.7 at the rated frequency
and at ambient temperature, unless otherwise specified.

The tests shall be made with each burden listed in Table A.12.
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Table A.12 — Burden values for basic accuracy tests

Resistance Capacitance

Rated value 0@

Rated value Rated value
Rated value +5 % Rated value
Rated value -5 % Rated value

NOTE The burden values during test include the impedance of the test equipment.

@ Only inherent capacitance of test equipment which shall be not more than 10 pF.

In a fif

time cpnstant) at ambient temperature with increasing voltages.

Then [the voltage is set to the rated input voltage Upr and mamtame% to the th
stabiligation and then the accuracy is measured again. In case of ned range of
voltagE, the highest level shall be used.

The e
the te

NOTE
manufa

NOTE 1
temper.

A.7A1

Tests

accuracy class relevant to the type ansducer, at rated burden, and at ambient tempe
A

unlesq

In a fif
time ¢

Then t{he voltage is r@ced to Uy, and maintained up to the thermal stabilization. The ac

is med

From
estima

p.5 Accuracy tests for TRD2 m a’lzs%rmg DC voltages

3

st step, the accuracy shall be measured in a short time (less than 0,05 timeQ}étr

rors shall be within the limits of the relevant accuracy ci\%g)both at the time of ap
bt voltage and after thermal stabilization.

The stability is considered after a delay of 3 times thaérmal time constant which is defined
Cturer or determined during the temperature-rise test.

This test can be performed in combination with @Emperature-rise test, or can be combined
ture cycle accuracy test.

shall be made at each value oQ\%Itage given in the tables of A.6.7 for the de

otherwise specified.
O

\
st step, the accuracy s I be measured in a short time (less than 0,05 times the tf
pnstant), at ambleggemperature with increasing voltages.

sured an accuracy variation at Uy is determined.

this(:ieult, the accuracy variation at intermediate voltages and maximum volt
t% cording to the thermal characteristics of the resistors.

ermal

ermal
input

plying

by the

ith the

clared
ature,

ermal

buracy

hge is

The errors shall be within the limits of the relevant accuracy class, both at the time the test

voltag

e is applied and after the correction of the accuracy variation.

The stability is considered after a period of 3 times the time constant, which shall be defined by

the su

pplier.

For input voltage equal to zero, the measured absolute error shall not exceed the value of the
absolute error allowed at 0,05 x U,

NOTE

This test can be performed together with the temperature-rise test.
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A.7.1.6.6

voltage

A.7.1.6.6.1 Test setup for TRD2 measuring DC currents

Tests of the step response time (7,) for TRD2 measuring DC current or

The determination of the step response time requires a current generator and instruments to
measure the input signal and the output signal. The rise time of the generated signal shall be
less than 0,2 x T, (see Figure A.3).

The input current step-up may be replaced by a current step-down. The rise time is then
replaced by the fall time. The positive current polarity generates a negative step-down and vice

versa.

The sfep response time of the signal measurement systems shall be lower than 0,@ Tk,

The tqg
value

A ste
simult

The tg

NOTE

3

N
st shall be performed with input current of positive and negative pol q./A test d
equal to the rated current shall be used. (b
RS

b current will be applied and both input current and outp%Q(ZI)gnal will be req
hneously. C)

lerance limit AVq is defined as 5 % of the steady-stat%c(}me of the output signal /.

A reduced tolerance limit can be defined by agreement b&n the purchaser and the manufacturef.

urrent

orded
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B o T (1) For periodic behaviour
< s - (2) For aperiodic behaviour
T =Ts () o
o o IEC
Ip(1) input current for periodic behaviour
1p(2) input current for aperiodic behaviour
Us(1) output signal of test object for periodic behaviour
Us(2) output signal of test object for aperiodic behaviour
T, ) measured step response time for periodic behaviour
T, @) measured step response time for aperiodic behaviour
Ty ) settling timhe for periodic behaviour
T @) settling=time for aperiodic behaviour
Figure A.3 — Measurement of the step response time

In case of difficulties to generate the input signal with the specified rise time, the test procedure
may be adapted as follows.

— Inject an equivalent sensor signal on the input of the input converter. The supplier shall
supply necessary information for the calculation of the step response time at the input level.

— For some technologies, instead of applying the input current on the input terminals, an
auxiliary test circuit may be used to supply a corresponding test current. The supplier shall
supply information for the calculation of the step response time at the input level.

Test results: see A.7.1.6.6.3.
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A.7.1.6.6.2 Test setup for TRD2 measuring DC voltages

The input test voltage should be the rated input voltage and represents an impulse voltage
characteristic with an accuracy of £+3 %. The step voltage can be generated by an impulse
voltage generator. In case of difficulties in generating the input signal with the specified rise
time, the test procedure may be adapted, using a reduced input voltage signal, provided that
the linearity of the system is proven, and the output signal level permits an accurate
measurement (see Figure A.3).

The front time corresponds to the definitions of lightning impulse definition with a front time of
1,2 ys, with a relative tolerance of +30 %.

The tilne to half value corresponds to the definitions of switching impulse definition \mth a time
to half value of 2 500 us, with a relative tolerance of +60 %. Q}/

The tgst shall be performed one time for each polarity. Each test shall be %a@rded with the
reference curve together with the step response curve of the test object. q,

.

The i[]put voltage is measured with a reference divider. The output of cbreference divider and
the output voltage of the transducer is measured with a transient r er (see Figure A|3).

The tdlerance limit AVg is defined as 5 % of the steady—states\\mg{e of the output signal /...
)

NOTE |A reduced tolerance limit can be defined by agreement betéu the purchaser and the manufacturef.

Test rgsults: see A.7.1.6.6.3. \Q
N
QO
%
&
The TRD2 is considered to have passed %k\test if
N

A.7.1.6.6.3 Test results

— th¢ measured step response timed’?r is lower than the rated value, and

— thg settling time is less than gl:x T,
N

A.7.1.6.7 Temperature, cycle accuracy test

This te¢st is intended to Q/ compliance with the accuracy requirements under rated conglitions
the rajed temperatur egories is given in Table A.3.

If it cdn be pr with general engineering practices that the transducer under its normal
conditjons a ding to Clause A.4 and for its declared ratings will remain within its acg¢uracy

Lo odndan 4. 0040 fdoan a4 .00 4N 4

The t&mpclatuw: IiDU tcbi Uf I-C OTUTU=T1T.2U1TU dlld iEC OTUTU=1 .LO |u/r'-\?v'iD"| 2016, IO.4, Sha”
be performed prior to this test. From the temperature rise test, the thermal time constant (r) and
the temperature rise (AT) shall be determined at the rated continuous thermal current for TRD2
measuring currents or, for TRD2 measuring voltages, at the rated voltage factor multiplied by
the rated input voltage. Temperature rises may be negligible for some technologies. Thus,
temperature rise tests may not be conducted for those transducers.

The temperature cycle accuracy test shall be performed under the following conditions:

— at rated frequency;
— at rated burden (external burdens may be kept outside the chamber);

— active electronic components and the transmitting system may be exposed in the same
chamber or, to their specified minimum and maximum operating ambient temperature if
different from the temperatures of the transducer. Other components such as auxiliary power
supply may be kept at room temperature.
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are subjected to a temperature cycle in accordance with Figure A.4.

A

Air temperature

Maximum + AT .I ..... . VRN

Maximum |-...

Ambient Vheereeraianaies 3% T :

® Instant where accuracy has to be me\ d

O
Figure A.4 — Temperature cyc@ccuracy test

IEC

nbient air temperature at the start and at tQ\@M of the test shall be between 10

\‘QQ)

The minimum and maximum air tempe@;res correspond to the specified minimur
maximum operating ambient temperatu&@

The dcclimatization before the Qgéuoracy test for maximum ambient temperature sh

perfor
increa

med with the air temper e equal to the maximum operating ambient temp¢g
sed by the established fejnperature rise AT.

transducer or its ass ed equipment, the input may be energized.

The t
chang
rate i

The tgst is performe%@&out input signal. When a input signal is required for poweri

-

C and

h and

all be
rature

ng the

2 ."Condensation shall be avoided. The temperature variation rate shall pre

mperatur riation part of the test is when the air temperature in the climate char:Lber is

iation
rably

W be either a positive or a negative change. The minimum temperature va
0

be nofed’in-the report.
AN

After each temperature variation, the transducer shall enter a stabilizing period with a duration
of at least three times the thermal time constant 7.

At the end of each stabilizing period, the accuracy of the transducer shall be measured. After
the stabilizing period, measures shall be taken to avoid cooling or heating other than caused
by the accuracy measurement itself.

Measured values at every point of the test shall be within the limits of the specified accuracy
class. The accuracy measurement at the start of the temperature cycle may be omitted if the
accuracy at ambient temperature is known from previous tests.

For TRD2 with multiple rated frequencies, accuracy class measurements may be done at one
rated frequency only.
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A71.7 Verification of markings and documentation

Conformity of markings and documentation is checked by inspection. Legibility of markings is
checked by the tests defined in [IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016.

A.7.1.8 Short-time currents tests
A.7.1.8.1 General

The following tests apply as far as possible depending on the kind of device under test and its
technology. Thus, if the tests described in this clause cannot be applied, manufacturers should
reference in their documentation the product standard used for the tests.

HoweyYer, short time current tests may not apply to some specific technologies. Q},

A.7.1.8.2 For TRD2 measuring AC currents Qq:\

The tHermal test shall be made at a current /7’ for a time ¢’, so that: (bq’

S
@Q@
&
g\\

I’2><t'21t2h><t

where

)
t is the specified duration of the short-time thermal&@%nt;
t' shpll have a value between 0,5 s and 5 s. 0\\

The dynamic test shall be made with an input %sr}ent the peak value of which is not lesf than
the rajed dynamic current (ldyn) for at least o@peak.

The dynamic test may be combined wi.f@@ﬁe thermal test above, provided the first majof peak
current of that test is not less than gf{'@rated dynamic current (/yy).

-

For TRD2 with mA output, thtf}fgf)s shall be made with the output circuit(s) short-circuitgd.

For TRD2 with mV out&&tﬁe output terminals shall be left open or connected to the rated

burden.
@)

A.7.18.3 F&DZ measuring DC currents

Tests |shou applied as stated in A.7.1.8.2 but with a single test at a value of test qurrent
as degla the manufacturer. The value of the test current should be at least equal to|either

e ol frrral. 4
- tel urmes uic ratcu Currcerlit, Ul

— five times the rated current multiplied by K¢,

If there is no limitation of use of transducer, then above limit of time applies. If the use is limited
to specific applications, then the time limit can be reduced according to manufacturer
specification.

A.7.1.8.4 Test results

The device is deemed to have passed these tests if, after cooling to ambient temperature, it
satisfies the following requirements:
— it is not visibly damaged;

— its errors after demagnetization do not differ from those recorded before the tests by more
than half the limits of error appropriate to its accuracy class;
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— it withstands the dielectric tests specified in IEC 61010-1:2010 but with test voltages
reduced to 90 % of those given;

— examination of the insulation next to the surfaces of the conductors does not show
significant deterioration (e.g. carbonization).

The examination is not required if the current density in the input and output circuits,
corresponding to the rated short-time thermal current (/;;,), does not exceed

— 180 A/mm2 where the circuit is of copper of conductivity not less than 97 % of the value
given in IEC 60028, or

— 120 A/mm2 where the circuit is of aluminium of conductivity not less than 97 % of the value
given in IEC 60121. A

A7.1P9 Inter-turn overvoltage tests Qy

Tests [shall be performed at the full circuit in accordance with one of the foll@ng procgdures
AorB.

>
@Cb

NOTE Due to the test procedure, the wave shape can be highly distorted.

NOTE 3 Tests can result in voltage values lower than specified in A.6.7.

e Prpcedure A \<(/C)

With the output circuit open-circuited (or connected to h@1 impedance device which|reads
peak Joltage), a substantially sinusoidal current at som&ﬂtable test frequency betweer] rated
frequgncy and 400 Hz and of RMS value equal to tIQ ted input current (or rated extended
input ¢urrent if specified) shall be applied for 60 sS}the input circuit.

Test results: Q)

— | The applied current shall be limite ‘ﬁhe test voltage for inter-turn insulation is obftained
before reaching the rated input ent (or rated extended input current).

— | If the test voltage for inter-tm@msulahon is not reached at maximum input current, the
obtained voltage shall be C‘@arded as the test voltage.

\\

e Prpcedure B

With tpe input circuit o@wcwted the test voltage for inter-turn insulation (at some sditable
test frequency) shall pplied for 60 s to the terminals of each output circuit.

Test results: Q_@

— | The value of the output current shall not exceed the rated output current (or the
riate extended value if specified).

maximum test frequency, the obtalned voltage shaII be regarded as the test voltage

The inter-turn overvoltage test is not a test carried out to verify the suitability of a transducer to
operate with the output circuit open-circuited. Transducers should not be operated with the
output circuit open-circuited because of the potentially dangerous overvoltage and overheating
which can occur.

A.7.1.10 Anti-aliasing tests

This test addresses anti-aliasing requirements defined in Annex C, when applicable.

The attenuation is calculated, and above limits are checked. Where agreed to by the user and
manufacturer, injection may be into the output converter.
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The magnitude of the input signal shall be at least 1 % of the rated input signal.

NOTE Due to the fact that aliasing occurs, the input signal and the output signal do not have the same frequencies.
Therefore, test arrangements using bridge configurations cannot be used. The easiest way to do the test is to
calculate or measure the RMS values for input and output separately using a digital system or a simple multi-meter
for analogue systems.

Test results: see Annex C.

A.7.1.11 Test with harmonics and at low frequencies

This test addresses requirements for the measurement of harmonics and low frequencies
deflne’l ;II I"\\IIIIUI\ D VVhUII GPP:IUGb:U A

In an jdeal case, tests on harmonics should be made with the rated input signal \fhe rated
frequgncy plus a percentage of the rated input signal at each considered harn}gﬁlc freqliency.
Such gn input signal should provide a realistic image of the dynamic r?gg ents ¢n the

transducer and will yield a good image of some non-linear phenomena whic n happen|in the
transducer (intermodulation, for example). o

Howeyer, it can be difficult to achieve a test circuit which generate@mh a input input $ignal.
For prictical considerations, it is accepted that the accuracy tes (E_)}e made with only onelsingle
harmagnic frequency applied at the input side for each measur nt.

Frequgncy response requirements defined in Table E.1 very important for achieving flevice
interoperability. Verification of these requirements m wever, be quite difficult and refquires

intimafe knowledge of physical properties and li ons of the tested device’s technlology.
Frequgncy response testing shall fulfil the harmoni requwement described in Table E.{.
%

The usge of a suitable test setup is required. \,\Q

Transqlucers susceptible to saturation @gﬁot in general be tested at low frequencies using full
voltagg/current levels. For these d,?’ces, measurements at frequencies below the n¢minal
system frequency should be perfoqn d with test signal magnitude reduced in inverse progortion

with the frequency: C)\\

@ . Jrest
( ) Linet =1 X
Q test pr fr

-

To avpid m@aﬁent circuit clipping, testing of transducers with output signals incrg¢asing

with frleque hould be performed with test signal magnitude reduced in proportion wjth the

frequgnc Q
<

fr

test

Liest :Iprx

In case of difficulties or limitations of the laboratory capabilities, it is also accepted to reduce
the input test current of TRD2 measuring current to a value not lower than 10 % of the rated
value or 10 A, whichever is greater.

Test results: see Annex D.

A.7.2 Routine tests
A.7.21 General

Routine tests shall be conducted on 100 % of manufactured TRD2.
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Except otherwise specified, TRD2 may be in any position for routine tests as long it does not

influence the test results.

Except otherwise specified, accessories and other optional parts may be omitted for routine

tests as long it does not influence the test results.

A.7.2.2 Accuracy tests

Accuracy of TRD2 shall be verified in order to verify that the TRD2 complies with its assigned
accuracy class. Conformity is checked by any relevant means, under the responsibility of the

manufacturer.

Routirje test is performed at room temperature at routine test location and at rated\fr}q

uency

only. Q~
N
A.7.2 Verification of markings (I/Qq/
It shall be verified that the markings are clearly readable. Conformity is @c’ked by inspgction.
S
A.7.2.4 Safety tests @

TRD2|class F shall comply with Annex F of IEC 61010-1 :2010\<(/

A.7.256 Inter-turn overvoltage tests QQ ©
No requirements. \\Q
QO
\‘QQ)
o
A\
xO
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Annex B
(normative)

Interface coding

B.1 General

Annex B provides a way to specify an interface coding, aiming at facilitating the selection of
transducers compatible with the equipment interface.

This interface coding includes A

— th¢ characteristics of connection between the output of transducers and the p\ ment,

— th¢ rated output value at the output of the transducer, Qq/

— the ra_ted power supply a’F the output of the transducer, in case an au%i%};y power supply is
supplied from a standardized connector, and %cb

— the rated transfer curve. @Q

This ipterface coding shall be described in the manufactureréﬁnical literature, in onder to
ease fhe selection of the relevant transducer by the custom (\’b\ ore ordering.

e
O
This ipterface code is not supposed to be marked on t ransducer name plate, because this
name [plate is visible by the customer once the trans has been delivered, that is to¢ late.

D
B.2 | Characteristics of interface conne@si\on
D\

Table[B.1 provides options for connectigﬁ, either though wires or through a standafdised

.

connegtor. A\

@
Table B.{{; oding of interface connection
QS

AN
Com@or specification Code letter
RJ45 With pinout as specified.i 6.6.2

)
Wires {-Q
\J

Termirjal for wires \.
*§~

w|ld|s|=

Specidl connecto

\ )
NOTE[1 Sols@d terminals on PCB is an example of special connector.

NOTE 2©rew/screwless terminals or spring terminals are examples of wired terminal for wires.

B.3 Coding of rated output values for transducers

Table B.2, Table B.3, Table B.4, Table B.5, Table B.6, Table B.7 and Table B.8 provide lists of
rated values to be used for TRD2, and that may be used for TRD1 if relevant.
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Table B.2 — Rated AC RMS voltage output

Kind of output Rated output value Code Applicable for
letter * | rep1 | TRD2
AC voltage output 22,5 mV AC RMS U1
100 mV AC RMS U2
150 mV AC RMS U3 X
225 mV AC RMS U4 X
33T M-ACRMS 5 X
1V AC RMS U6 X
112,5mV AC RMS u7 X
Special value Ux X

@ In case the output depends on other items (e.g. configuration, paqsitién of
transducer, frequency or phase of AC input signal) than the input leyeli.then the
curve shall be noted "dU" instead of "U" or "dx" instead of "x"

Table B.3 — Rated DC voltage oufgut

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
DC voltage output 1,66 VDC us X
3VvDC U9 X
4V DC u10 X
5V DC U1i1 X
Speegial value Ux X

TableB4 — Rated range of DC voltage output

Kind of eutput Rated output value Code Applicable for
letter
TRD1 TRD2
Range\of DC voltage 0Vto1VDC u21 X
output
0Vto10VDC u22 X
-1Vto1VDC u23 X
-10Vto 10V DC uz24 X
Speciatvatue Ux

Table B.5 — Rated AC RMS current output less than 1A

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
AC current output (less | 20 mA AC RMS 11 X
than 1 A)
50 mA AC RMS 12 X
100 mA AC RMS 13 X
Special value Ix X
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Table B.6 — Rated range of DC current output

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
Range of DC current | 4 mA to 20 mA DC 121
output
0 mA to 20 mA DC 122 X
0 mA to 1 mADC 123 X
0 mA to 10 mA DC 124 X
-1 mAto1 mADC 125 X
—5 IIII:\ |19} 5 IIII:\ DU iLU N
—-10 mA to 10 mA DC 127
—20 mA to 20 mA DC 128 X
—-50 mA to 50 mA DC 129 X
—-100 mA to 100 mA DC 130 X
—200 mA to 131 X
200 mA DC
—-500 mA to 500 mA DC 132 X
Special value Ix
Table B.7 — Rated frequegficy output
Kind of output Rated output,value Code Applicable for
letter
TRD1 TRD2
Range of frequency 0 to 20 kH2 F1 X
output proportional to -
the input quantity Special value Fx X

Table(B:8 — Rated pulse density output

Kind of output Rated output value Code Applicable for
letter

TRD1 TRD2

Pulse density output 10 MHz P1 X
preportional to the
input quantity

20 MHz P2 X

Special value Px X

B.4 Coding of auxiliary power supply for transducers

Table B.9 provides possible options for power supplies for transducers supplied from measuring
instrument via the connector.

Table B.10 provides possible options for external power supplies for transducers.
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Table B.9 — Coding of power supply for transducers supplied from measuring
instrument via the connector

Power supply characteristics Voltage Code letter
Power supply when provided by the measuring No need (blank)
equipment connected to the transducer output via the
connector 3,3V DC PS1
5V DC PS2
12V DC PS3
24V DC PS4
48 \/ DC PS5
Special voltage or range of PSx
voltage

Table B.10 — Coding of external power supply for transducers

External power supply characteristics Voltage Code letter
Power|supplied by external power supply 3,3Vv DC EPS1
5V DC EPS2
12V DC EPS3
24/ DC EPS4
48V DC EPS5
+15V DC EPS6
+24V DC EPS7
110V AC EPS8
230 V AC EPS9
Special voltage or range of EPSx
voltage

B.5 |[Coding of transfer function curves for transducers
Table |B.11 provides eoding for transfer function curves, if applicable.

\Rable B.11 — Coding of transfer function curves for transducers

Transfer function curve Code letter

Transfpr fuhction curve A, as defined in Figure 2

Transfer function curve B, as defined in Figure 3

Transfer function curve C, as defined in Figure 4

Transfer function curve D, as defined in Figure 5

Transfer function curve E, as defined in Figure 6

M| m[O|O ||

Transfer function curve F, as defined in 5.8

B.6 Interface full coding for output of transducers

B.6.1 General

Table B.12 provides the full coding of the output of transducers.
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Table B.12 — Interface full coding for output of transducers

Coding of
connectors for the
output of
transducers

Coding of rated
output values

Blank Coding of auxiliary Blank

power supply

Coding of transfer
function curve

Code according to

Code according to

Code according to

Optional code

Table B.1 Table B.2 to Table B.9 or to according to
Table B.8 Table B.10, if Table B.11, if
relevant relevant
B.6.2
Table|B.13 provides a list of examples, and the most common interface codes for rgnsducers.
Table B.13 — Examples of interface codes and most common interface codes
Kjnd of Interface Meaning of the interface code Most
tranisducers code compmon
Transflucers wu2 Transducer with wires connection, 100 mV AC rgteg-voltage output
delivefing an AC - - )
RMS \oltage wu3 Transducer with wires connection, 150 mV AC_rated voltage output
outpu TU3 Transducer with terminal block connection,\I'50 mV AC rated
voltage output
wu5 Transducer with wires connectiongs383 mV AC rated voltage output X
TUS Transducer with terminal block;\833 mV AC rated voltage output X
Wue6 Transducer with wires conpegtion, 1 V AC rated voltage output
RU1 Transducer with RJ45 standardised connector, 22,5 mV AC rated
voltage output
RU7 Transducer with/R945 standardised connector, 112,5 mV AC rated X
voltage output
RUS Transducefwith RJ45 standardised connector, 333 mV AC rated X
voltage putput
RdU3 Transdtcer with RJ45 standardised connector, 150 mV AC rated X
voltage output depending on other items than the input level
RU4 Transducer with RJ45 standardised connector, 225 mV AC rated X
voltage output
SN2 Transducer with special connector, 100 mV AC rated voltage
output
Sdu2 Transducer with special connector, 100 mV AC rated voltage
output depending on other items than the input level
SuU5 Transducer with special connector, 333 mV AC rated voltage
output
Sx Transducer with special connector, special analog output
Sdx Transducer with special connector, special analog output
depending on other items than the input level
Transducers wus8 Transducer with wires connection, 1,66 V rated voltage output
delivering a DC - - )
voltage output wu9 Transducer with wires connection, 3 V DC rated voltage output
wu10 Transducer with wires connection, 4 V DC rated voltage output
wu11 Transducer with wires connection, 5 V DC rated voltage output
RU11 Transducer with RJ45 connection, 5 V DC rated voltage output X
SU10 Transducer with special connector, 4V DC analog output
Sx Transducer with special connector, special analog output
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Kind of Interface Meaning of the interface code Most
transducers code common
Transducers wu21 Transducer with wires connection, 0 V DC to 1 V DC rated voltage
delivering a DC output
range of voltage - - -
output wu22 Transducer with wires connection, 0 V DC to 10 V DC rated
voltage output
wu23 Transducer with wires connection, —1 V DC to 1 V DC rated
voltage output
wu24 Transducer with wires connection, =10 V DC to 10 V DC rated
voltage output
Sx Transducer with special connector, special analog output
Trans{lucers WI1 Transducer with wires, 20 mA DC rated current output
delivefing an AC - -
currerjt output WiI2 Transducer with wires, 50 mA DC rated current output
WI3 Transducer with wires, 100 mA DC rated current output X
Sx Transducer with special connector, special analog output
Transglucers Wi21 Transducer with wires, 4 mA DC to 20 mA DC rated cuysrent output X
delivefing an AC - -
range |of current Wi22 Transducer with wires, 0 mA DC to 20 mA DC rated\gurrent output
outpuf WI23 Transducer with wires, 0 mA DC to 1 mA DC rated’current output
Wi24 Transducer with wires, 0 to 10 mA DC rate@/€urrent output
WI125 Transducer with wires, —1 mA DC to 1 mADC rated current output
WI126 Transducer with wires, —10 mA DG¢ 10 mA DC rated current
output
Wi27 Transducer with wires, —20 mA,DC to 20 mA DC rated current
output
WI128 Transducer with wires 60 mA DC to 50 mA DC rated current
output
WI29 Transducer withewires, —100 mA DC to 100 mA DC rated current
output
WI30 Transducefwith wires, =200 mA DC to 200 mA DC rated current
output
Wi21 Transducer with wires, =500 mA DC to 500 mA DC rated current
output
Rangq of WF1 -Transducer with wires, 0 kHz to 20 kHz rated range of frequency
frequgncy
output
Pulse [density Y¥P1 Transducer with wires, 10 MHz pulse output
output
P WP2 Transducer with wires, 20 MHz pulse output
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Annex C
(informative)

Anti-aliasing requirements

The requirements in Annex C are applicable to transducers with embedded digital data
processing or transmission.

Digital and discrete time data processing limits the bandwidth to half the digital sampling rate
fs. If different sampling rates along the signal processing path are used, the lowest rate is the
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Hence, a so-called anti-aliasing filter shall be used. Minimum anti-aliasing filter attenuation
requirements are specified, as a function of the transducer accuracy class, in Table C.1.

Table C.1 — Anti-aliasing filter

Accuracy class Anti-aliasing filter
attenuation
(rzfs=/)
0,1 > 34 dB
0,2 > 28 dB
0,5 > 20 dB
1 > 20 dB
Other classes =20 dB
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Attenuation, expressed in decibels (dB), is calculated according to the following formula (for

voltage transducer, replace current 7 by voltage U):

Ly XYy
o= 20 log;, Yix_lpr (dB)

where

is the attenuation

[
I, is the RMS value of the input current at frequency f, with /2 fo — f,;

YS is fhe RMS vatue ot the output sighal at the mirrored trequency, that Is, at jg — /;, A

Ipr is the rated input current; Q}/
Y, is the rated output signal. '\

Figurd C.2 illustrates an example of harmonic and anti-aliasing frequency, (}vponse mag
requirements for metering accuracy class 1, where . = 60 Hz and f; = 4@

Y

EIT overall gain (dB)

nitude

20 Boniioani g s g
22 ! H
0,1 1 10 100 1000 10 000
v Frequency (Hz)

IEC
Key

Prohibited region for response

Figure C.2 - Frequency response mask for metering accuracy class 1
(f, = 60 Hz, f, = 4 800 Hz)
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Annex D
(informative)

Requirements for the measurement of harmonics and low frequencies

D.1 General

Annex D may become normative in a future edition.

Due Th&uu&%@@&@ﬂmb&ﬂw&m@&m&g&n&ed on
the ndtwork. The amount of harmonics depends on the network and the voltage level.

Harmanics are of interest for monitoring applications, because they may have an_impact on all
the elgctrical quantities. Such applications include basic energy management,! power metering
and njonitoring, and power quality monitoring, which require the performanc¢e on hagmonic
measyrement to be quantified. Specific accuracy requirements for eadhyclass are giyen in
Claus¢ D.2 and Clause D.3.

If harrhonics measurement and low frequencies performance is declared by the manufagturer,
the requirements for accuracy with harmonics in the next subclausées are applicable as ngeded.

D.2 [ Measuring accuracy classes with harmonics

Table|D.1 gives the limit of errors on the magnitude and phase (as applicable) for the measuring
classgs.

Table D.1 — Limits of error for harmonics — Accuracy classes

Error limit Phase
o Error limit error limit Phase error limit [at
at low at‘harmonics of f at low harmonics of £,
frequency r '
Acduracy frequency
f ?;s) % % Degrees Degrees
r
th th th th
a 2nd o | O 7o | 107 | Above ond o | 2 7thto || 19
DC 1Az 4th and gth to 13th 1 Hz 4th and gth to
6th 13th 6th 131h
A +14 +1 +1 +2 +4 +8 +8 +45 +1 +2 +4 8
<160 | -30 -100
0,2 apd 0,2 S +2 +2 +2 +4 +8 +16 +16 +45 +2 +4 +8 +16
-100 | -30 -100
0,5 anhd 0,5 S +5 +5 5 +10 +20 +20 +20 +45 15 +10 +20 +20
1 +10 +10 +10 +20 +20 +20 +20 +45 +10 +20 +20 +20
-100 | -30 -100
3and 5§ — — — — — — — — — — — _
8 100 % means DC coupling is possible but not required.

The transition between points defined in the above table shall be a straight line when shown in
log/log scale.



https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

- 86 — IEC 60688:2021 RLV © IEC 2021

D.3 Accuracy class extensions of transducers for high bandwidth applications

According to EN 50160 and IEC 61000-4-7, for such purposes, harmonics up to the 40th order
(in some cases even to the 50th order) are measured. IEC 61000-4-7 specifies that the relative
error (related to the measured value) shall not exceed 5 %.

These extensions can be applied to all accuracy classes to indicate better performances at high
frequencies. This performance is indicated by a wide bandwidth (WB) accuracy class extension.

The limits of accuracy for high bandwidth applications are given in Table D.2.

VB2

Table D.2 — Limits of error for harmonics — Accuracy class extensions WB1 amﬁ\

oV

measy

The a

Ccuracy classes 0,2S and O,SQ@pply only to TRD2 measuring current.

ring voltage.

N

Error limits Phase error limjts
Acduracy at frequencies shown below at frequencies shcﬂn elow
clgsses als
+% + Degfaéa)
WB1 0,1sf<1kHz | 15/<15kHz | 1,55/<8kHz | 0,1</<1kHz | 1= )5 kHz | 1,5<543kHz
WB2 0,1 <f<5kHz 5<f<10 kHz 10<f<20kHz | 0,1<f<5kHz {.Q\Qfdo kHz 10 < f< PO kHz
02
D, 1 1 2 5 1 ) C) 2 5
0,2 ahd 0,28 2 4 5 2& 4 5
0,5 apd 0,58 5 10 10 o 10 2
Vi
1 10 20 20 <§< 10 20 2
Vv
For D@ applications, the phase errors are not applicable. \\
QO
%
The gbove limits of Table D.2 apply quﬁg\to both TRD2 measuring current and [TRD2
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Annex E
(normative)

Markings terminals of TRD2

E.1 Marking of terminals for TRD2 monitoring AC current

The markings of TRD2 monitoring AC current shall follow the principles illustrated in the

examples in Table E.1.

Table E.1 — Marking of terminals for TRD2 monitoring current

P1 P2
o Y Y YN o

Input trminals

S1 S2 EC

Output terminals Single-ratio TRD2

S4 S2 S3

P>

1gC

TRB2 with an intermediate tappin
output circuit

b on

C1 c2 P1 P2
o O O
Input tprminals
P1
o Y Y Y P2
[ 1 o
181 182 281 2S?
1 1 2 2
5 5 S, S, S] S5 .
) St S2 Ec
Outpuf terminals TRD2 with 2 output circuits; each with its
TRDP2\With input circuit in own magnetic core (two alternat|ve
2 seetiohs intended for connections markings for the output terminals)
either in series or in parallel
NOTE| For TRD2 using curv& Fp, S can be replaced by T.
E.2 | Marking‘of terminals for TRD2 monitoring voltage
The markings of TRD2 monitoring AC voltage shall follow the principles illustrated [in the

examples’in Table E.2.
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Table E.2 — Marking of terminals for TRD2 monitoring voltage

Input terminals A B A N
® q ® [
LAAAAA (AAAIN
Y Y Y YY) Y Y Y YY)
[ ] [ J L
a b a n
IEC IEC

Outpuf terminals Single-phase TRD2 with a single output | Single-phase TRD2-with a single output
LL LN

2
|

Three-ph@se assembly TRD2 with a
single output 3L-N

Input trminals

O T UNNT] P AAAT—O
|
|
|
|
|
b _eZZ

Outpuf terminals
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Annex F
(informative)

Guidance related to cables, busbars and
bare conductors within an installation

F.1 Insulation of cables

Cables used in cabinets, panels and cubicles are supposed to provide a basic insulation at the
working voltage specified for this cable

A busTLng can provide a supplementary insulation, provided this bushing is specifi for 4t least
the same working voltage as for the cable or the same working voltage of the syﬁ\te .

Under] some conditions (see installation rules), a cable may be consida%d to proyide a
reinfofced insulation. o :

Busbars and bare conductors do not provide any insulation. A bu%%g can provide a ['basic
insulafion" provided this bushing is specified for at least the s r@ working voltage as for the
busbafr or the same working voltage of the system. s\\2(/

Under] some conditions (see installation rules), a bushing may be considered to proyide a
reinfofced insulation. Q

Meang to avoid contact with cable, busbars or b\s}\e conductor (e.g. integral means to| avoid
contagt with cable or busbar) are not supposedAo provide any additional insulation to the one
provided by bushing, the insulation of cable % insulation of TRD2.

)
F.2 | Temperature of cables ang \usbars
b\

F.2.1 Cables ‘\C\)j“

Accorgling to Table 6 of IEG 671439-1:2020, the maximum temperature-rise limits on terfinals
for exfernal insulated co tors, for a daily average ambient air temperature up to 35 °Clunder
servicp conditions, is

Therefore, max@’permissible total daily average temperature of cable terminals is 105 °C
(35°g+ 70K

Consi j%{%’the usual decrease of cable temperature from terminal, 90 °C can be consjdered
as a cpmrfon value. This covers copper and aluminium cables.

F.2.2 Busbars

According to Table 6 of IEC 61439-1:2020, the maximum temperature-rise limits on copper
busbar, for a daily average ambient air temperature up to 35 °C under service conditions, is
105 K.

Therefore, maximum permissible total daily average temperature of busbar terminals is 140 °C
(35 °C + 105 K).

Considering the usual decrease of busbar temperature from terminal, 105 °C can be considered
as a common value. This covers copper busbar and also aluminium busbar having lower
permissible temperature.
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Annex G
(informative)

Guidance related to overvoltage categories and measurement

categories

Concept of overvoltage category

The concept of overvoltage categories is defined in 4.3.2 of IEC 60664-1:2020, or IEC 60364-

4-44 or IEC 61010-1:2010
G.2 | Approach of IEC 60664-1 for primary circuits of TRD2 \Q~
G.2.1| General (19(1’
IEC 6(0664-1 uses the concept of overvoltage categories (OVC). %Cb(b
G.2.2 Examples with IEC 60664-1:2020, for primary meas C)rf@clrcults OVC I, PD 2,
altitude under 2 000 m, inhomogeneous field <</
A
Two ekamples are considered below: ‘\
— expmple 1 =230/400 V network, material group IQQQ
— expmple 2 = 400/690 V network, material groupQ\
Table|G.1 and Table G.2 show clearances and@’eepage distances, respectively, according to
IEC 60664-4. S\
Table G.1 - CIearar@& according to IEC 60664-1:2020
| P \4
Diftribution Reference volt ;\' Basic insulation Reinforced insulatidn
system for cIearanc\@
(LN/LL) . C) Uinp ® Clearance ? Uinp ° Clearafce °
V AC @v' KV mm KV mn
30/400 (-‘\.)‘300 4 3 6 5,5
100/690 yj-’ 600 6 5,5 8 8
NOTE| Cleara according to Table F.2 of IEC 60664-1:2020 can be reduced under some circumstancels, see
IEC 60664-1; . However, values of impulse tests cannot be reduced.
a Ade OQ;’to Table F.1 of IEC 60664-1:2020.
b A u.u...y to—Fabte2-ofHEC-66664+262

¢ For reinforced insulation, values are defined one step higher in the preferred list of values in 4.2.2.1 of IEC 60664-
1:2020 (see 5.2.3.1 of IEC 60664-1:2020).
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Table G.2 - Creepage distances according to IEC 60664-1:2020

Voltage
Distribution rationalized for Material Basic i lati Reinf di lati
system insulation line to Group asic insulation eintorced insulation
line 2
(LN/LL) Creepage distance ° Creepage distance ©
V AC Vv mm mm
230/400 400 I 2,8 5,6
400/690 630 [ 3,2 6,4
NOTE VT 5.0.4.5 UI' iE\J UUUU4-1.LULU I'UI I.iIU IUidLiUIIbilip U; Crecpayc dibldllbc 119J bicdldllbc. A
a8 Adcording to Table F.4 (rationalized voltages) of IEC 60664-1:2020. \/
b Adcording to Table F.5 of IEC 60664-1:2020. \Q~
Fof reinforced insulation, creepage distance are twice the creepage distance for basic ir%l ion, see 4.3.5 of
IEf 60664-1:2020. .
&
G.3 |Approach of IEC 61010 for primary circuits of TR%Q)
G.3.1 General O‘\\
IEC 61010-1 is the generic standard for safety req '<§ments for electrical equipmgnt for
measyrement, control, and laboratory use that refers@ C 61010-2-030 for circuits dedicated
to tesfing or measuring purposes. \}\
IEC 61010-2-030 has introduced a concept o§@asurement categories (MC, named as CAT II,
CAT IlI, and CAT V) that replaces the cong of overvoltage categories.
.\@
IEC 61010-2-030 applies to testing an&neasuring circuits.
xO
G.3.2 Example with IEC 61 &2-030:2017, for primary measuring circuits, OVC lll, PD
2, altitude under 2 m, inhomogeneous field
Two ekamples are consi d below:
— Example 1 = ZSOQQQV network, material group I,
— Exjpmple 2 = 690 V network, material group I.
Table|G.3 a,@able G.4 show clearances and creepage distances, respectively, according to
3

IEC 6

0:2017.

01
&
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Table G.3 — Clearances according to IEC 61010-2-030:2017

Distribution Reference voltage Basic insulation Reinforced insulation
system for clearances
(LN/LL) Upp © Clearance ° Upeot © Clearance °
V AC Vv kV mm kV mm
230/400 300 4 3 6,40 5,9
400/690 600 6 5,5 9,50 10,5

NOTE Clearances according to K.101 of IEC 61010-2-030:2017 can be reduced under some circumstances, see
IEC 61010 series.

a8 Adcording to Table K.16 of IEC 61010-1:2010 A
b Adcording to Table K.101 of IEC 61010-2-030:2017. Q}’
¢ Adcording Table K.16 of IEC 61010-1:2010. q'\

¥

v

Table G.4 — Creepage distances according to IEC 6101&2&)30:2017

P
Voltage C)
Digtribution rationalized for Material Basic insulaf Reinforced insuldtion
bystem insulation Group $\ ]
line to line
=
LN/LL) Cree@é distance @ Creepage distange °
V AC \Y Q mm mm
130/400 400 I &Q}\ 2,8 5,6
N
400/690 690 | ) 3,5 7,0

2 Adcording to Table K.13 of IEC 61010-1:2010. \\

b Fof reinforced insulation, creepage distan@are twice the creepage distance for basic insulatiof, see
IEf 61010-1:2010. A\
X

: C)k
N
G.4 | Approach for secondary circuits of TRD2

Propapation of overvoltage is linked to the "coupling power capability" between primary [circuit
and s¢condary circuif. This coupling capability is usually limited for TRD2.

For TRD2 havi current measurement input, the coupling power capability is deemed to be
low. Therefores“very low values of transient overvoltages can be expected on the secgndary
circuitf In ¢age of doubt, a verification by measurement should be performed.

For TRDZ having a voltage measurement Input, the coupling power capability 1s deemed to be
limited. Values for clearances can be found in Table K.11 of IEC 61010-1:2010 and IEC 61010-
1:2010/AMD1:2016 or a verification by measurement should be performed in order to determine
the remaining value of transient overvoltages on the secondary and to calculate according K.3.2
of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016.

Even if transient should not be considered on the secondary (low values for clearance), other
safety-related requirements should apply (e.g. creepage distances).
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INTRODUCTION

New transducers can now be equipped with microprocessors that utilise digital data processing,
communication methods and auxiliary sensors. This makes them more complex than
conventional analogue transducers and gives them considerable added value.

The class index system of classification used in this document is based upon IEC 60051 (all
parts). Under this system, the permitted variations of the output signal due to varying influence
guantities — ambient temperature, voltage, frequency, etc. — are implicit in the classification.

For those unfamiliar with the class index system, a word of warning is hecessary. If, for example,

a tran
of us¢g
means
condif
range
incurr

sducer is classified as class 1, it does not mean that the error under practical con
will be within +1 % of the actual value of the output or +1 % of the full output ve
that the error should not exceed 1 % of the fiducial value under closeély sp
ons. If the influence quantities are varied between the limits specified-by. the n
5 of use, a variation of amount comparable with the value of the class”index m
ed for each influence quantity.

The p
intrins|

ermissible error of a transducer under working conditions is the;sum of the perm
c error and of the permissible variations due to each of the infldénce quantities. Ho

the acftual error is likely to be much smaller because not all of the\influence quantities arg

to be

imultaneously at their most unfavourable values and some of the variations may

one another. It is important that these facts be taken into consideration when spe
transducers for a particular purpose.

Furthgrmore, some of the terms used in this decument are different from those u
IEC 60051 (all parts) due to the fundamental differences between indicating instrumen
measyring transducers.

All statements of performance are relatedsto the output which is governed by two basic t

— "the nominal value", which may have a positive or a negative sign or both;

_ "t
ma

e span”, which is the range-of values of the output signal from maximum posi
ximum negative, if appropriate.

ditions
lue. It
bcified
bminal
ay be

ssible
vever,
likely
cancel
cifying

sed in
[s and

erms:

ive to
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ELECTRICAL MEASURING TRANSDUCERS FOR CONVERTING AC AND DC

ELECTRICAL QUANTITIES TO ANALOGUE OR DIGITAL SIGNALS

1 Scope

This document applies to transducers with electrical

inputs and outputs for making

measurements of AC or DC electrical quantities. The output signal can be in the form of an

analog

ue direct current an analoa direct voltage or in digital form
T b ) J ~

This d
as

- cu
- vo

— ac

— redactive power,

- po
- ph
- fre
— ha
- ap

to an

This d

— ing

an

— transmitters for use in industrial process application that comply with IEC 60770 (all
i
fformance measuring and monitoring devices (PMD) that comply

- pe
IE

Within
supply

This d

ocument applies to measuring transducers used for converting electrical quantitie

rrent,
tage,
ive power,

wer factor,

pse angle,

quency,

rmonics or total harmonic distortion, and

parent power

butput signal.

ocument is not applicable for

trument transformers that comply with IEC 61869 (all parts),

C 61557-12:2018.

the measuring range, the output signal is a function of the measurand. An ay
can be,ngeded.

ocument applies

5 such

barts),

with

xiliary

a) ift

Te ormiat frequerncy of the mput{s)yties betweem O Hzanmd—t500+Z;

b) to the electrical measuring transducer if it is part of a system for the measurement of a non-
electrical quantity, and if it otherwise falls within the scope of this document, and

c) to transducers for use in a variety of applications such as telemetry and process control and
in one of a number of defined environments.

This d

ocument is intended:

— to specify the terminology and definitions relating to transducers whose main application is

in
- to
- to

industry,
unify the test methods used in evaluating transducer performance, and
specify accuracy limits and output values for transducers.
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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 60068-2-6, Environmental testing - Part 2-6: Tests - Test Fc: Vibration (sinusoidal)

IEC 60068-2-27, Environmental testing - Part 2-27: Tests - Test Ea and guidance: Shock

IEC 6(

for over/under current protection

IEC 6

and laporatory use

IEC 6
labord
IEC 6

IEC 6
and I
measy

IEC 6
requir

IEC 6
1500
Powe

IEC 6
thered

3 Terms and definitions

For th

ISO and |EC maintain terminological databases for use in standardization at the fol

addre

255-151, Measuring relays and protection equipment - Part 151: Functional require

010 (all parts), Safety requirements for electrical equipment for measlrement, (

010-1:2010, Safety requirements for electrical equipment for méasurement, contrq
tory use - Part 1: General requirements
010-1:2010/AMD1:2016

010-2-030:2017, Safety requirements for electrical equipment for measurement, c
boratory use - Part 2-030: Particular requirements for equipment having tesf]
ring circuits

1326-1:2020, Electrical equipment for measurement, control and laboratory use
ements - Part 1: General requirements

557-12:2018, Electrical safety in lowtvoltage distribution systems up to 1 000 V A
V DC - Equipment for testing, measuring or monitoring of protective measures - P
metering and monitoring devices (PMD)

1558-1:2017, Safety of tranhsformers, reactors, power supply units and combin
f - Part 1: General requiréements and tests

b purpose/ofithis document, the following terms and definitions apply.

5SES.

ments

ontrol

I/, and

ontrol,
jng or

EMC

C and
art 12:

ations

owing

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

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

3.1

3.1.1
electr

General terms

ical measuring transducer

transducer

TRD

device for converting an AC or DC measurand to a direct or alternating current, a direct or
alternating voltage or a digital signal for measurement purposes
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3.1.2

electrical measuring transducer type 1
transducer type 1

TRD1

conventional transducer

Note 1 to entry: Transducers type 1 use conventional interface outputs and are generally single-function devices.

3.1.3

electrical measuring transducer type 2

transducer type 2

TRD2

singletfunction transducer used in low voltage (LV) monitoring applications

Note 1 [to entry: Transducers type 2 are using specific interface outputs and are generally morexaccurdte than
transducers type 1.

3.1.4
singlg-function device
devicg performing the measurement of a single electrical quantity (e.g-'eurrent, power factor,
THD) |n a single form (e.g. RMS or peak or average) but not both

3.1.5
analogue transducer
devicg for converting an AC or DC measurand to a dirgct or alternating current, a difect or
alternating voltage for measurement purposes

3.1.6
digital transducer
devicg for converting an AC or DC measurand to a digital signal for measurement purposes

3.1.7
auxiliary supply
AC or DC electrical supply, other ‘than the measurand, which is necessary for the gorrect
operalion of the transducer

3.1.8
auxiliary circuit
circuit|which is usually‘energized by the auxiliary supply

Note 1 fo entry: The auxiliary circuit is sometimes energized by one of the input quantities.

3.1.9
transqlucer with suppressed zero

transducer for which zero output signal corresponds to a measurand greater than zero

3.1.10

output load

<analogue signal> total resistance of the circuits and apparatus connected externally across
the output terminals of the transducer

3.1.11

ripple content

<analogue output signal> ratio of the peak-to-peak value of the fluctuating component of an
analogue output signal, expressed in percentage, to the fiducial value, with steady-state input
conditions

3.1.12
output signal
analogue or digital representation of the measurand
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3.1.13
output power
power at the transducer output terminals

3.1.14

output current

<analogue signal> current produced by the transducer which is an analogue function
measurand

3.1.15
output voltage
<anal i
measyrand

3.11
measuring element

<trangducer> unit or module of a transducer that converts the measurand, or part
measdrand, into a corresponding signal

lement transducer
ucer having two or more measuring elements

Note 1 fo entry: The signals from the individual elements are combined to produce an output signal corres
to the measurand.

3.1.18
response time

time fom the instant of application of a specified change of the measurand until the
signallreaches and remains at its final steady value or within a specified interval centred
value

3.1.19
compliance voltage

accurjcy limiting output voltage

<variaple output load transducers having a current output> value of the voltage app
acrosg the output terminals up to which the transducer complies with the requirements
docunjent

3.1.20
stabiljty

ability| of a transducer to keep its performance characteristics unchanged during a sp
time, all influence quantities remaining within their specified ranges

of the

of the

of the

onding

putput
bn this

paring
of this

bcified

3.1.21
usage group
group of transducers capable of operating under a specified set of environmental conditi

3.1.22
pulse density output

ons

digital representation of the measurand, where the relative density of the output pulses

corresponds to the analog signal amplitude

3.2 Terms describing transducers according to the measurand

3.21
voltage transducer
transducer used for the measurement of AC or DC voltage
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current transducer

transd

3.2.3

appar
transd

3.2.4

ucer used for the measurement of AC or DC current

ent power transducer
ucer that is used for the measurement of the apparent power

active power transducer

transd

ucer used for the measurement of active electrical power

3.2.5

react(iJve power transducer

trans

3.2.6
frequ
trans

3.2.7

ucer used for the measurement of reactive electrical power

ncy transducer
ucer used for the measurement of the frequency of an AC electrical quantity

trans
the sa

3.2.8
powe

ucer for the measurement of the phase angle betweentwo AC electrical quantities
e frequency

phas%:ngle transducer

factor transducer

transducer used for the measurement of the power factor of an AC circuit

3.2.9
harm
trans
of an

3.2.10
TRD2
power

3.2.11
TRD2
power|

nics transducer
ucer that is used for the meastrement of the harmonics or the total harmonic dis
\C circuit

PFA
factor (arithmetic'method) transducer for LV monitoring applications

PFV
factor (vector method) transducer for LV monitoring applications

3.2.12

having

ortion

TRD2-THDU
voltage THD transducer for LV monitoring applications

3.2.13

TRD2-THDI

curren

3.2.14

t THD transducer for LV monitoring applications

TRD2-UAC
voltage transducer for LV monitoring applications that is used for the measurement of AC
voltage
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3.2.15

TRD2-UDC

voltage transducer for LV monitoring applications that is used for the measurement of DC
voltage

3.2.16
TRD2-IAC
current transducer for LV monitoring applications that is used for the measurement of AC current

3.2.17

TRD2-IDC

current—transducer—fortV IIIUIIitUI;IIy app“batiuna that—s—used—forthe—measurementof DC
current

3.3 |[Terms describing transducers according to their output load

3.3.1
fixed putput load transducer
transducer that complies with this document only when the output load-is’at its nominal |value,
within|specified limits

3.3.2
variable output load transducer
transducer that complies with this document when the outputiload has any value within a given
range

3.4 |Nominal values

3.41
nominal value
value,|or one of the values, indicating thesintended use of a transducer

Note 1 fo entry: The lower and upper nominal values of the measurand are those which correspond to the lower
and upper nominal values of the output signal.

3.4.2
span
outpurr span

algebrfaic difference between the upper and lower nominal values of the output signal

3.4.3
fiducipl valug
value fo which reference is made in order to specify the accuracy of a transducer

Note 1 [o entry: The fiducial value is the span. except for transducers having a reversible and symmetrical output
signal when the fiducial value may be half the span if specified by the manufacturer.

3.4.4

nominal power factor

factor by which it is necessary to multiply the product of the nominal voltage and nominal current
to obtain the nominal power

Note 1 to entry: When the current and voltage are sinusoidal quantities, the nominal power factor is cos ¢ where ¢
is the phase difference between the current and the voltage. For reactive power transducers, the nominal power
factor is sin o.

3.4.5

limiting value of the output signal

<current or voltage> upper limit of output signal which cannot, by design, be exceeded under
any conditions
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3.4.6

measuring range

range defined by two values of the measurand within which the performance complies with the
requirements of this document

Note 1 to entry: See 3.4.3 of IEC 60051-1:2016.

3.4.7

nominal value of the measured voltage

nominal value of the voltage of the external circuit (e.g. the secondary winding of a voltage
transformer) to which the voltage input circuit of the transducer is to be connected

3.4.8
nominal value of the measured current
nomingl value of the current in the external circuit (e.g. the secondary winding ‘6f a dqurrent
transformer) to which the current input circuit of the transducer is to be connected

3.5 |Terms describing transducers with provisions to be adjusted by, users

3.51
calibrption value
value |of a quantity to which the nominal value is changed bysuser adjustment for a specific
applicption

3.5.2
adjustment range
possiljle range of adjustment values of the measured current or voltage

3.6 |Influence quantities and reference conditions

3.6.1
influepce quantity
quantity (other than the measurand) that may affect the performance of a transducer

3.6.2
refergnce conditions
specifled conditions under_which the transducer complies with the requirements concgrning
intrinsjc errors

Note 1 fo entry: These conditions may be defined by either a reference value or a reference range.

3.6.2.
refergnce value

specifled single value of an influence quantity at which the transducer complies with the
requirements concerning intrinsic errors r

3.6.2.2

reference range

specified range of values of an influence quantity within which the transducer complies with the
requirements concerning intrinsic errors

3.6.3

nominal range of use

specified range of values over which it is intended that an influence quantity can assume without
the output signal of the transducer changing by amounts in excess of those specified
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3.7

3.71
error

Errors and variations

actual value of the output signal minus the intended value of the output signal, expressed

algebr

3.7.2

aically

intrinsic error
error determined when the transducer is under reference conditions

3.7.3

variat

on due to an influence quantity

differgnce between the two values of the output signal for the same value of the-mmeagurand

when

3.74

variat
<expré
due tg

3.8

3.8.1
accur,
accur

3.8.2

bn influence quantity assumes successively two different specified values

on due to an influence quantity
pssed as a percentage of the fiducial value> one hundred times ¢he’ratio of the va
an influence quantity and the fiducial value

Accuracy, accuracy class, class index

cy
cy of a transducer is defined by the limits of intrinSic error and by the limits of var

accurpcy class

class
compl

3.8.3
class

bf transducers for which the accuracy_ofall can be designated by the same number
y with all the requirements of this.document

index

numbegr which designates thesaccuracy class

Note 1

Note 2
relating

4 G

4.1

o entry: The class index:is applicable to the intrinsic error as well as to the variations.

o entry: Throughoutthis document, the phrase "x % of the class index" denotes "x % of the limits
to the class index".

pneral

Transducer general architecture

Fiation

ations

if they

of error

Organisation of the measurement chain: the electrical quantity to be measured may be either
directly accessible, as it is generally the case in low-voltage systems, or accessible via
measurement sensors like voltage sensors (VS) or current sensors (CS).

Figure 1 shows the common organisation of a transducer (TRD).
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!

Transducers L
_.Gommunication protocol
i Communication i
' management |
Electrical oo - - -
in i Measurement Acquisition Processing Evaluation
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signal ' sensors | unit unit unit
it [ F 3
! Analogue | | Digitall/lO ~.
| output | 1 management\ /!
\ management | o __________3/Tz__ ]
| S p—— i ________ 1 I
Analogue output Digital 1/10

IEC
Figure 1 — Transducer (TRD) architecture

4.2 |Classification of transducers (TRD)

Trans@ucers are classified according to the applications as defined in Table 1.

Taple 1 — Functional classification of transducers’with minimal required functians

Transducers type

Requirements
TRD1 (transducer type 1) TRD2 (transducer type 2)

See Clause 5 u

See Annex A u

NOTE| For more information about differences between TRD1 and TRD2, see also Annex B

5 Requirements for<TRD1

5.1 |Safety requirements: clearances and creepage distances

Trans@lucers shall comply with safety requirements of IEC 61010 (all parts), and in additign with
the following-requirements of:

Clearances and creepage distances shall be selected at least in accordance with

— pollution degree 2,
— measurement category Il for measuring input circuits, and
— overvoltage category Il for mains circuits.

NOTE Measurement category is defined in IEC 61010-2-030.
5.2 EMC requirements
5.2.1 Immunity

For high frequency disturbance test, see IEC 61326 (all parts).

If, by agreement, other tests are required, then TRD1 with active electronic components may
comply with Clause 6 of IEC 61326-1:2020.
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NOTE These requirements are consistent with those of 6.21 and 6.23.

5.2.2

Emission

If, by agreement, other tests are required, then TRD1 with active electronic components may
comply with either class A or class B limits as defined in Clause 7 of IEC 61326-1:2020.

NOTE This requirement is consistent with the one of 6.23.

5.3 Class index requirements

5.3.1

Class index

The class index for a transducer shall be chosen from those given in Table 2.

This ¢

5.3.2

If the
the wh

In some cases when a transducer does-not include the sensors, their associated uncert
are ndt considered. When a transducer includes the sensors, their associated uncertainti

consid

5.3.3
When

and lgwer nominal values of the output signal shall not exceed the limits of the intrinsic

given

Value$ stated.in a table of corrections, if any, supplied with the transducer shall not be

into a

ass index definition only applies for the analogue output of the transducers.

Table 2 — Relationship between the limits of intrinsic erroy,
expressed as a percentage of the fiducial value, and the ¢lass index

Class index 0,2 0,5 1 2 2,5 3 5 10 20

Limits of $0,2% |20,5% | 1 % |22 % | 2,5 % | £3 % |'¢5 % | £10 % | +20 %
error

Class indices of 0,3 and 1,5, although non-preferred, can belused.

Class index for transducer used with sensors

ransducers are used with sensors, the manufacturer shall specify the accuracy cl
ole system transducer and sensor.

ered.

Intrinsic error

the transducer is under reference conditions, the error at any point between the

n Table 2 expressed as a percentage of the fiducial value.

countyin determining the errors.

54

Conditions for the determination of intrinsic error

ass of

hinties
s are

upper
error

taken

Prior to pre-conditioning and before determination of the intrinsic error, preliminary adjustments
shall be carried out in accordance with the manufacturer's instructions. The transducer shall be

at the

reference temperature.

The transducer shall be left in circuit under the conditions specified in Table 3.
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Conditions

Values

Voltage (including any auxiliary supply)

Nominal value

Current

Nominal value

Frequency

Reference value

Power factor

Reference value

Time between connection into circuit and
start of determination of errors

30 min

After tLe specified pre-conditioning, transducers having adjustments available to the uselr shall

be adjusted in accordance with the manufacturer's instructions.
The rgference conditions relative to each of the influence quantities are given)in Table #. The
referepce conditions relative to the measurand are given in Table 5.
Table 4 — Reference conditions of the influence quantities and
tolerances or testing purposes
Influence quantity Reference conditions Tolerances permitted for tesfing
unless otherwise marked purposes applicable to a sirjgle
reference value @
Ambiept temperature To be marked in the type téest |1 °C
report
Usage|group (see 6.1.2)
| K55 -
Il K70 -
1 Kx b -
Frequgncy of the input quantity
N¢n-frequency sensitive Nominal value +2 %
Frequency sensitive To be marked in the type test | 10,1 %
report
Wavefprm of the input quantity Sinusoidal, except for The distortion factor x 100 shall pot
harmonics transducers exceed the class index, unless
otherwise specified by the
manufacturer
Outpuf load
Fiked output load transducers Nominal value 1 %
Variable output load transducers Mean value of the nominal 1 %
Auxiliary supply
Voltage AC Nominal value 12 %
Voltage DC Nominal value 1 %
Frequency Nominal value 1 %
Distortion factor 0,05 maximum -

Magnetic field of external origin

Total absence

40 A/m at frequencies from DC to
65 Hz in any direction °©

b

28 When a reference range is marked, no tolerance is allowed.

"Kx" stands for extended conditions.

¢ 40 A/m is approximately the highest value of the earth's magnetic field.
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Table 5 — Reference conditions relative to the measurand

Reference conditions

Measurand Voltage Current Power factor, active or
reactive

Apparent power Nominal voltage 2 % Any current up to the |Cos o] or [sin | = 1,0 to

nominal current 0,8
lagging or leading

Active power Nominal voltage +2 % Any current up to the |Cos 9| =1,0t0 0,8

nominal current lagging or leading

Reactive power Nominal voltage 2 % Any current up to the |sin ¢] = 1,0 t0 0,8

nominal current |agg|ng or |eading a

Phasefangle or power Nominal voltage 2 % 40 % to 100 % of the -

factor nominal current

Frequgncy Nominal voltage 2 % - -

Polyphase quantities Symmetrical voltages ° Symmetrical currents ? -

2 Apparent, active power and reactive power transducers are normally used together(and are connected to the
sarpe current and voltage transformers. It must be noted that sin ¢ = 1,0 to 0,8 issused here for ease of testing
only.

b The¢ difference between any two line-to-line voltages and between any two.line-to-neutral voltages sHall not
exdeed 1 % of the average (line-to-line and line-to-neutral voltages respectively). Each of the currentq in the
phdses shall differ by not more than 1 % from the average of the currents.

The anlgles between each of the currents and the corresponding phase€-to-neutral (star) voltages shall differ] by not

more than 2°.

Where| interactions between the separate measuring elements of a multi-element transducer are adequately

characterized, single-phase testing of the transducer is acceptable.

5.5 [|Auxiliary supply

5.5.1 General

Some|transducers dealt with inthis document may need an auxiliary supply. This is spé¢cified

in two|separate categories, DCJjand AC supplies.

5.5.2 DC supply

a) Thee value of the voltage of the DC supply shall be as specified in 5.6.3.

in the
of the
peak

d) The noise fed back to the battery from the transducer shall be limited to 100 mV peak to
peak when measured with a specified source resistance at all frequencies up to 100 MHz.

In addition, when the battery feeding the transducer is also used for telephone equipment, the
noise shall not exceed 2 mV psophometric.

NOTE

5.5.3

The psophometric weighting characteristic is specified in ITU-T Recommendation O.41.

AC supply

For the nominal value of the voltage of the AC supply, see 5.6. This voltage may be provided
by a separate supply or may be derived from the measured voltage or current.
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5.6 Input values
5.6.1 General

The nominal values of voltage, current, frequency and auxiliary supply shall be specified by the
manufacturer.

5.6.2 Adjustment ranges
Adjustment range for transducers that can be adjusted by the user:

a) for the input voltage: 80 % to 120 % of the nominal value;

b) fonthe input current: 60 % to 130 % of the nominal value.

This means that the nominal value of the output signal can be obtained for any adjusted value
of the|measurand within the ranges given above.

5.6.3 Preferred nominal values

The preferred nominal value of DC auxiliary supplies shall be 24 V, 48V or 110 V.

5.7 |Analogue output signals
5.71 General

The Igwer and upper nominal values of the output signal and the compliance voltage shall be
choseh from those given in 5.7.2 and 5.7.3 or 5.7.6.

5.7.2 Output current

The signal 4 mA to 20 mA is preferred.

NOTE |The condition "0 mA" has a special meaning (IEC 60381-1).
Other [permissible values are

e 0 mA to 20 mA,

e OmAto1 mA,

e 0 mAto 10 mA,

e —1lmA to 1 mA;

e —5/mA to.5 mA,

e —1Pp mAto 10 mA, and
o —2D'mA to 20 mA.

5.7.3 Compliance voltage
e 10V,
e 15V.

5.7.4 Maximum output voltage

The manufacturer shall state the maximum value of the output voltage occurring under any
conditions of output load and input. This voltage shall not exceed the limit of safety extra-low
voltage.

5.7.5 Interference risk of output current

Attention is drawn to the interference problems which may result if the output current has a low
value.
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5.7.6 Output voltage

e OVto1yVv;
e OVio10V,;
e —-1Vto1V;

e —10Vto10V.
NOTE Transducers having a voltage output are non-preferred.

5.8 Output transfer function

For an nlngllo hr':\ncrhlr\nrc’ the used transfer function shall be one of the fnlln\Aling curves.

For analogue transducers, variables x, y can be adjustable.

Curve|A is described in Figure 2.

Output

Y (+ 100 %) |-=======mmmmmmmeaenee

>

0 +x % X (+ 100 %)
Input
IEC

Figure 2 — Transfer function curve A

Curve|B is described in kigure 3.

Output

Y (+ 100 %)

+y%

>

0 X (+ 100 %)
Input
IEC

Figure 3 — Transfer function curve B
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Curve C is described in Figure 4.

Output

Y (+ 100 %) |- === ==mmmmmm e

T
]
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'
'
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)
'
1
)
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)
)
'
)
'
'
1
)
'
'
1

— X (— 100 %) -x%
: : A x % X (+ 100 %)
. : Input
E AARE— -y %
¥ S —Y (- 100 %)
IEC

Figure 4 — Transfer function curve C

Curve|D is described in Figure 5.

Output

Y (+ 100 %)

+y%

=X (= T00 %) 0

Figure 5 — Transfer function curve D
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Curve E is described in Figure 6.

Curve

The a
formu

where
R is
Y is

34
=
(@]
Y(+100 %) [===================-=---~ ;
0 X (+ 100 %)
Input
— Y (- 100 %)

IEC
Figure 6 — Transfer.function curve E
F (all other kind of curves):

Ccuracy class shall be checkedyfor each point of the transfer function according
a:

Y—-R

x100

he value of the output signal under reference conditions;

he value of the output signal measured at one extreme of the influence quantity.

NOTE

Ferthe curves F, replace in 6.1 to 6.23 F by R.

to the

5.9

Digital output signals

The digital output signals chosen shall correspond with the requirements for transducers
concerning accuracy and response time as well as with the requirements of the communication
system.

For the digital output, the class index shall be in conformity with the performance class

descri

bed in IEC 61557-12:2018.

If outputs relays are provided, they shall comply with IEC 60255-151.

5.10

Ripple (for analogue outputs)

The maximum ripple content in the output signal shall not exceed twice the class index.
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5.11 Response time

5.11.1 Before determining the response time, the transducer shall be under reference
conditions and the auxiliary circuit shall be energized for at least the pre-conditioning time
unless it is energized from one of the input quantities and is not separately accessible.

5.11.2 The response time shall be stated by the manufacturer and shall be determined for an
input step such that it would produce a change in output signal from 0 % to 90 % of the fiducial
value.

5.11.3 If a test for decreasing input is required, the input step should produce a change in
. o A R

The interval (see 3.1.24 ) shall be +1 % of the upper nominal value of the aUtput gignal.

Methods of test for frequency transducers and transducers with suppressed zerp shall
ed by the manufacturer.

5.12 [Variation due to over-range of the measurand

If, by fgreement, a transducer is required to operate with an inputjup to 150 % of the npminal
value,| the difference between the intrinsic error at 100 % <and the error at 150 % (under
referepce conditions) of the nominal value of the input shall pot exceed 50 % of the class [index.

For agtive power and reactive power transducers, 150 % of the nominal value is achieyed by
increasing the current while retaining the voltage at:the nominal value.

5.13 |Limiting value of the output signal

The output signal shall be limited to a maximum of twice the upper nominal value.

When|the measurand is not betweenits lower and upper nominal values, the transducer shall
not, umder any conditions, for example over-current or under-voltage, produce an output having
a valuge between its lower and upper nominal values.

5.14 [Limiting conditions of operation

The lipits of the nominatranges of use given in Clause 6 are those within which the trangducer
will comply with thetxrequirements of this document. It is possible to operate transducers beyond
these [imits but the'user should note that

— thg¢ accuracy may not be maintained, and/or

— th¢ déesigned operational lifetime may be reduced.

As an example, many transducers will operate in ambient temperatures as low as —25 °C and
as high as +70 °C but the manufacturer should be consulted as to the degradation to be
expected in both accuracy and operational lifetime.

5.15 Limits of the measuring range

When the limits of the measuring range do not coincide with the lower and upper nominal values
of the output, the limits of the measuring range shall be marked — see 7.1 i).

5.16 Limiting conditions for storage and transport

Unless otherwise stated by the manufacturer, transducers shall be capable of withstanding,
without damage, exposure to temperatures within the range —40 °C to +70 °C.

After returning to reference conditions, they shall meet the requirements of this document.
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The manufacturer shall specify any additional limiting condition required to ensure the integrity

of the

5.17

transducer.

Sealing

When the transducer is sealed to prevent unauthorized adjustment, access to the internal circuit

and to

5.18

the components within the case shall not be possible without destroying the seal.

Stability

Transducers shall comply with the relevant limits of intrinsic error specified for their respective

accur

cy classes fora Ir_\nrind epnnifind hy the manufacturer prn\/ir*lnrl that the conditions of use,

transp

NOTE

ort and storage specified by the manufacturer are complied with.

Usually, the period will be below one year.

6 Tests for TRD1

6.1
6.1.1

The v
influer

perce

valuey.

Variat
other

shall
varyin

When
limits
adjace

6.1.2

The c
the us|

General
Determination of variations

priations shall be determined for each influence quantity. During the tests, all
ce quantities shall be maintained at reference conditions.

tage of the class index. None of the variations determined shall exceed the perm

ons shall be determined at the upper nominal value of the output and, at least,
point. For apparent power, active' power and reactive power transducers, these

g the value of the current.

a reference range is specified, the influence quantity shall be varied between each
pf the reference range and any value in that part of the nominal range of use w
nt to the chosen\limit of the reference range.

Environmental conditions

nditions-of temperature and humidity are classified according to the severity dicta
gelgroup in accordance with Table 6.

other

All the influence quantities are given in 6.1 to 6.23, together with the appropriate festing
procefure, computations and the permissible variations for each usage group expresse

d as a
ssible

At one
alues

e obtained by maintaining the«voltage and power factor at their reference conditions and

of the
hich is

ted by
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Table 6 — Usage groups

K55 class of
transducer

K70 class of
transducer

Kx P class of
transducer

Usage group

Rated operating range
(with specified uncertainty)

-5 °C to +55 °C

—25°C to +70 °C

Above +70 °C and/or
under -25 °C @

Limit range of operation
(no hardware failures)

-5 °C to +55 °C

-25°Cto +70 °C

Above +70 °C and/or
under =25 °C @

Limit range for storage and

—25°C to +70 °C

—40 °C to +85 °C

According to
manufacturer

shippjrg

specification 2

b Kx

a8 Lirnits shall be defined by manufacturer according to the application.

stands for extended conditions.

For th
a sing
be adj
heat f

Humid
condif

6.1.3 Computations
In 6.2
follow|a general principle:

- Ri
- X
- Fi
NOTE
6.2

6.2.1

All tra
input

6.2.2

e purpose of this document, ambient temperature shall be the temperature measu
e representative point with the transducer operating normally. Fhis measuring poin
acent to the transducer, exposed to free air circulation and not-significantly affec
om the transducer or by direct solar radiation and other sources of heat.

ons are within the limits specified.

5 the value of the output signal undér reference conditions;

red at
t shall
ted by

ity is not considered to be an influence quantityprovided that the environmental

to 6.22, a computation is required according to a formula. The terms in the formulae

or Y) is the value of the output signal measured at one extreme of the influence qujantity;

5 the fiducial value.

For curves F (see 5.8) replace)in all the following formula F by R.
Variations due totauxiliary supply voltage
Application
oltage~orcurrent and the connections cannot be separated for testing purposes.

Procedure

nsducers_fequiring a DC or an AC auxiliary supply except where this is obtained frgm the

Apply the nominal value of auxiliary supply voltage and record the value of the output signal (R).

At a constant value of the measurand, reduce the auxiliary supply voltage to the lower limit
given in 6.2.4 and record the value of the output signal (X). Increase the auxiliary supply voltage

to the

6.2.3

The variations are:

and:

upper limit given in 6.2.4 and record the value of the output signal (Y).

Computation

X-R

x100

Y-R

x100
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For AC auxiliary supplies, Table 7 applies.

Table 7 — Permissible variations due to AC auxiliary supply

Usage group Nominal range Variation
of use
% % of class index
| 90 to 110 50
Il 80 to 120 50
11l 80 to 120 50

For DC auxiliary supplies, Table 8 applies.

Table 8 — Permissible variations due to DC auxiliary supply

Usage group Nominal range Variation
of use
% % of class index
| 85 to 125 50
I 85 to 125 50
11l 85 to 125 50

6.3 |Variations due to auxiliary supply fréquency

6.3.1 Application

All trapsducers requiring an AC auxiliary supply except where this is obtained from thg input
voltage or current and the connections cannot be separated for testing purposes.

6.3.2 Procedure

Apply the nominal valug of auxiliary supply frequency and record the value of the output|signal
(R). Af a constant value of the measurand, reduce the auxiliary supply frequency to the| lower
limit gjven in 6.3.4_and record the value of the output signal (X).

Incredse the ‘auxiliary supply frequency to the upper limit given in 6.3.4 and record the value of
the outputssignal (7).

6.3.3 — Computation

X=R 100

The variations are:

Y-R 100

and:

6.3.4 Permissible variations

Table 9 applies.
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Usage group Nominal range Variation
of use
% % of class index
| 90 to 110 50
I 90 to 110 50
11l 90 to 110 50

of the

me for
I (X).

same

6.4 ariations—due-toambienttemperatire—Mm7M7Mm—————————————————————————
6.4.1 Application

All trapsducers.

6.4.2 Procedure

At a donstant value of the measurand and at reference temperature,\record the value
outpuf signal (R).

Increase the ambient temperature to the upper limit given in6.4°4 and allow sufficient ti
conditjons to stabilize (30 min is usually adequate). Record(the value of the output signg
Redude the ambient temperature to the lower limit 'given in 6.4.4 and allow the
stabiligation to take place. Record the stabilization time and the value of the output signal (7).
6.4.3 Computation

The variations are: Xk x100

and: V=R 300

6.4.4 Permissible-variations

Table [10 applies.

Table 10 — Permissible variations due to ambient temperature

Usage group Nominal range Variation
o UstT
°C % of class index
| 10 to 35 100
I 0 to 45 100
" —10 to 55 100

6.5 Variations due to the frequency of the input quantity(ies)

6.5.1

Application

All transducers except frequency transducers. Frequency sensitive transducers (e.g. those
employing phase shifting circuits) are exceptions and the nominal range of use shall always be

marked.
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6.5.2 Procedure

Apply the nominal value of the input frequency and record the value of the output signal (R).

At a constant value of the measurand, reduce the frequency to the lower limit given in 6.5.4 and
record the value of the output signal (X).

Increase the frequency to the upper limit given in 6.5.4 and record the value of the output signal

(Y).

6.5.3 Computation

X-R

The variations are: x100

Y-R

and: x100

6.5.4 Permissible variations

Table |11 applies.

Table 11 — Permissible variations due to the frequency of input quantity

Usage group Nominal range Variation
of use
% % of class index
| 90Mo 110 100
I 90 to 110 100
11l 90 to 110 100
Frequency sensitive As marked 100

6.6 |Variations due to the'input voltage
6.6.1 Application

All trapsducers exeept voltage and current transducers.

6.6.2 Procedure

Apply thevshominal value of the input voltage and record the value of the output signal (R).

At a constant value of the measurand, reduce the voltage to the lower limit given in 6.6.4 and
record the value of the output signal (X).

Increase the voltage to the upper limit given in 6.6.4 and record the value of the output signal (Y).

6.6.3 Computation

X-R

The variations are: x100

Y-R

and: x100
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Table 12 — Permissible variations due to the input voltage

Usage group Nominal range Variation
of use
% % of class index
| 90 to 110 50
Il 80 to 120 50
11l 80 to 120 50

6.7

6.7.1 Application
Phase

6.7.2 Procedure

Apply [the nominal value of the input current and record the ¥alue of the output signal (R]).

At a cpnstant value of the measurand, reduce the input current to the lower limit given in

Variations due to the input current

angle and power factor transducers.

and rgcord the value of the output signal (X).
Increa
signall(Y).
6.7.3 Computation

X-R
The variations are: %100

—R

and: ) x100
6.7.4 Permissible variations
Table |13,applies.

se the input current to the upper limit given in 6.7.4 and record the value of the

6.7.4

putput

Table 13 — Permissible variations due to the

input current

Usage group Nominal range Variation
of use
% % of class index
| 20 to 120 100
I 20 to 120 100
11l 20 to 120 100
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6.8
6.8.1

Variations due to power factor

Application

Apparent, active and reactive power transducers.

6.8.2

Procedure

Apply respectively 50 % (5 %) of the nominal value of the input current at a power factor of 1,0
and record the two values of the output signal (R). At a constant value of the measurand,
increase the input current to 100 % (10 %) of the nominal value and reduce the power factor to
0,5 lag/lead, respectively. Record the two values of the output signal (X).

For co
valuegq

nvenience, when testing the reactive power transducers, it is usual to apply therequ
of sin ¢.

valent

active

D % of

Active| power transducers shall also be tested for error at a power factor of\zero and re
power|transducers at a sin ¢ = 0.
6.8.3 Computation
X-R
The variations are: x100
Y-R
and: x100
6.8.4 Permissible variations
Table [14 applies.
Table 14 — Permissible variations due to power factor
Usage group Nominal range of use Variation
% of class index
| Cos (sin)9=0,5...1...0,5 50
I Cos (sin)9=0,5...1...0,5 50
11 Cos (sin)9=0,5...1...0,5 50
For all transducers, the error at a power factor of zero (or sin ¢ = 0) shall not exceed 10
the classindex
6.9 Variation due to output load
6.9.1 Application

All variable output load transducers.

6.9.2

Procedure

Apply a value of output load equal to the mean value of the nominal range and record the value

of the

output signal (R).

At a constant value of the measurand, reduce the resistance of the output load to the lower limit

given

in 6.9.4 and record the value of the output signal (X).
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Increase the resistance of the output load to the upper limit given in 6.9.4 and record the value

torted

putput

tween
urable

of the output signal (Y).
6.9.3 Computation
X-R
The variations are: x100
Y-R
and: E x100
6.9.4 Permissible variations
Table |15 applies.
Table 15 — Permissible variations due to output load
Usage group Nominal range Variation
of use
% % of class index

I 10 to 100 50

I 10 to 100 50

m 10 to 100 50
6.10 |Variations due to distortion of the input quantity(ies)
6.10.1 Application
All trgnsducers characterized by .the manufacturer for use on systems having dis
wavefprms, except harmonics transducers.
6.10.2 Procedure
Apply |the chosen valug~of input quantity with no distortion and record the value of the
signal[(R). Introduce third harmonic distortion at the level given in 6.10.4, maintaining th¢ RMS
valueg constant, and record the value of the output signal (X). The phase relationship beg
the hgrmonic and-the fundamental should be varied so as to determine the most unfavo
conditjons.
For agpdrent, active and reactive power transducers, the test is performed with distorted @

urrent

wavefi

brm - and then rnpnnfnrl with distorted \/nlfngn waveform

For apparent active and reactive power transducers not employing phase shifters, the
permissible variations are given in 6.10.4.

For reactive power transducers employing phase shifters, the permissible variations shall be
specified by the manufacturer.

6.10.3 Computation

The variation is:

X=R 100
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6.10.4 Permissible variations

Table

6.11
6.11.1

All tra

6.11.24 Procedure

The tr
and o

adequjate homogeneous magnetic field in the absence~0f the transducer under test ar|
permisgsible. 400 ampere-turns in this coil will produce) at the centre of the coil, in the ab
transducer under test, a magnetic field strength 'of 0,4 kA/m. The magnetic field SFII be

of the
produ

circuitland shall be such as to have the most unfavourable combination of phase and orien
The values of AC fields are expressed in RMS walues.

Any transducer having an external dimension exceeding 250 mm shall be tested in a

mean

magnetic field strength being the same as that given above.

In the

At a constant value of the measurand, apply the external field and record the value of the

signal

6.11.3 Computation

The vTriation is:

16 applies.
Table 16 — Permissible variations due to distortion of input quantities
Usage group Nominal range of use Variation
% of class index
| Distortion factor 0,2 200
Il Distortion factor 0,2 200
Variation due to magnetic field of external origin

Application

hsducers.

f radial thickness small compared with the diameter{_Other devices which produ

ansducer is placed in the centre of a coil of 1 m mean<diameter, of square cross dection

ce an
e also

ced by a current of the same kind and frequency as that which energizes the mea

diameter not less than four, times the maximum dimensions of the transduce

absence of the external-field, record the value of the output signal (R).

(X).

X-R

x100

sence

uring
ation.

coil of
. The

putput

6.11.4 Permissible variations

Table

17 applies.

Table 17 — Permissible variations due to magnetic field of external origin

Usage group Variation

% of class index
I 100

1 100

1" 100
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6.12 Variation due to unbalanced currents
6.12.1 Application

Multi-element apparent, active and reactive power transducers.

6.12.2 Procedure

The currents shall be balanced and adjusted so that the output signal is approximately in the
middle of the span or, if zero output signal is within the span, half-way between zero and the
upper nominal value of the output signal. Record the value of the output signal (R).

Discofinect one current, maintaining the voltages balanced and symmetrical, and adjyst the
other gurrents, maintaining them equal, so as to restore the initial value of the measurand.

Recorf the value of the output signal (X).
6.12.3 Computation

X=R 100

The variation is:

6.12.4 Permissible variations

Table |18 applies.

Table 18 — Permissible variations.due to unbalance currents

Usage group Variation

% of class index
I 100

Il 100

I 100

6.13 |Variation due tointeraction between measuring elements
6.13.1 Application

All mplti-element apparent, active power and reactive power transducers except |those
emplolying two measuring elements for measuring three-phase four-wired unbalanced [power
with three'current circuits (sometimes known as "two and a half elements") and those rgactive
power|transducers using cross-connection methods.

6.13.2 Procedure

The voltage input of one measuring circuit alone shall be energized at nominal voltage. The
current input of each of the other measuring circuits shall be energized in turn at nominal current.
The maximum departure of the output signal (X) from that corresponding to zero of the
measurand shall be noted whilst the phase angle between the voltage and currents is changed
through 360°.

If the auxiliary supply is common to one of the voltage input circuits, this circuit shall be the one
to which the voltage is applied.
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6.13.3 Computation

The variation is:

X 100
F

6.13.4 Permissible variations

Table 19 applies.

Table 19 — Permissible variations due to interactions between measuring elements

Usage group

Variation

% of class index

50
50
50

6.14 [Variation due to self-heating

6.14.1 Application

All trahsducers.

6.14.2

The trensducer shall be at ambient temperature>and shall have been disconnected for a

4 h. H
Table

After

this procedure between the 30th and*35th minute after energization (R).

6.14.3

The variation is:

Method

nergize the transducer in accordance\With reference conditions defined in Table
5.

min and before the third minute, determine the value of the output signal (X). R

Computation

X =R

x100

It least

4 and

epeat

6.14.4 Permissible variations
Table [20 applies.
Table 20 — Permissible variations due to self-heating
Usage group Variation
% of class index

| 100

I 100

1 100
6.15 Variation due to continuous operation

6.15.1

Application

All transducers.
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Procedure

Energize the transducer under reference conditions for at least the preconditioning period.
Record the value of the output (R). After a convenient period of continuous operation, for
example 6 h, note the value of the output (X).

6.15.3

The variation is:

Computation

X-R

x100

6.15.4 Permissible variation

A var
requir

6.16
6.16.1

All tra

6.16.2

At a g
output

ation is allowed but the transducer shall continue to comply in all respeCts”wi
bments appropriate to its accuracy class.

Variation due to common mode interference
Application

nsducers having an analogue output signal.

Procedure

onstant value of the measurand near the upper¢snominal value, record the value
signal (R). Apply a voltage of 100 V RMS, at/45 Hz to 65 Hz, between either

terminal and earth. Record the value of the output signal (X).

6.16.3

The variation is:

Computation

X-R

x100

th the

of the
putput

6.16.4 Permissible variations
Table |21 applies.
Table 21 < Permissible variations due to continuous operation
Usage group Variation
% of class index
| 100
Il 100
Il 100
6.17 Variation due to series mode interference
6.17.1 Application

All transducers having an analogue current output signal.

6.17.2

Procedure

At a constant value of the measurand near the upper nominal value and with the compliance
voltage at 80 % of the maximum value, record the value of the output signal (R).
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Apply a voltage of 1 V RMS at 45 Hz to 65 Hz, in series with the output signal. Record the value

of the

output signal (X).

NOTE The internal DC resistance of the source of the series-mode interference, if excessive, can influence the test

results,

6.17.3

6.17.4

Table

6.18

especially for the fixed output load transducers.

Computation
X-R
The variation is: x100
P issibl iati
22 applies.
Table 22 — Permissible variations due to series mode interference
Usage group Variation
% of class index
I 100
Il 100
I 100
Permissible excessive inputs

6.18.1
After

equilik
with th

6.18.2
The tr

a) Vo
of

b) Cu
6.18.3

The tq

General

rium with the reference value of the*ambient temperature, the transducer shall g
e requirements appropriate to its'\class index.

Continuous excessive inputs
hnsducer shall withstand.-the application of excessive inputs simultaneously for 24

Itage inputs, including auxiliary supplies, shall be subjected to 120 % of the nomina
the voltage.

rrent inputssshall be subjected to 120 % of the nominal value of the current.
Excessive inputs of short duration

sts, shall be made under reference conditions. The excessive input amplitudes o

durati

pnuwhich shall be applied to transducers are:

completion of the tests described in“6.18.2 and 6.18.3 and after having regained

omply

value

short

a) for voltage inputs: 200 % of the nominal value of the measured voltage applied for 1 s and
repeated 10 times at 10 s intervals;

b) for current inputs: 20 times the nominal value of the measured current applied for 1 s and
repeated 5 times at 300 s intervals.

The test circuit shall be substantially non-reactive.

After t

6.19

esting, the intrinsic characteristics of the transducer shall be unchanged.

Voltage test, insulation tests and other safety requirements

The requirements for the voltage test and other safety requirements are included in IEC 61010-
1:2010 to which reference shall be made.
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6.20 Impulse voltage tests

6.20.1 A peak test voltage of 5 kV in both positive and negative senses, having the
standardized impulse waveform of 1,2/50 us, shall be applied to transducers as follows:

— between the earth terminal and all the other terminals connected together;

— between the terminals of each circuit in turn, all other circuits being earthed.

Three positive and three negative impulses shall be applied at intervals of not less than 5 s.

Any flashover (capacitance discharge) shall be considered a criterion of failure unless occurring
in a component designed for such.

For fufther details of the impulse voltage test, reference should be made to IEC 61010+1:2010
and IHC 61010-2-030:2017.

6.20.20 After completion of the impulse voltage test, the transducer shall-comply with the
requirements appropriate to its class index.

6.20.3 Auxiliary circuits with a reference voltage of over 40 V shall be'subjected to the impulse
voltage test under the same conditions as those already given for theother circuits.

6.21 [High frequency disturbance test
See IEC 61326 (all parts).

6.22 |Test for temperature rise
The transducer shall be energized as follows:

— eagh current circuit shall carry a current\of 1,1 times the nominal current;
— eagh voltage circuit shall be supplied\with a voltage of 1,2 times the nominal voltage

Theseg| conditions shall be maintainéd-for at least 2 h. During the test, the transducer shall not
be exposed to forced ventilation por to direct solar radiation.

The tgmperature rise of the following parts of the transducer shall not exceed:

— forlinput circuits: 60 K,
— forn the exterior surface: 25 K.

6.23 [Other tests

If, by agreement, other tests are required, the following publications shall apply:

— for vihreation: IEC 600AQ 2 A
AL ARCRIAC AR rEn E =~ anCAvAvACA- my —un )

for shock: IEC 60068-2-27;
for electromagnetic compatibility: IEC 61326-1:2020.

7 Marking and information for TRD1

7.1  Marking on the case

Transducers shall bear, on (or visible through) one of the external surfaces of the case, the
markings listed below. The markings shall be legible and indelible. The symbols referred to
below are specified in Table 24.

a) Manufacturer's name or mark.

b) Manufacturer's type designation.
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c) Serial number or date code.

d) Software version (version of software that reside in the transducer — if any for digital
transducers only).

e) Class index (symbol E-10 or E-11).
f) Nature of the measurand and number of circuits (symbol B-2, B-4 or B-6 to B-10).
g) Lower and upper nominal values of the measurand.

h) Ratios of current transformers and voltage transformers, if any, with which the transducer
is intended to be used.

i) Range of values of the output current (voltage) and output load within which specified
Opulatiuu rs—obtaired (allaiuyuc aiyllaia uniy).

j) Limits of the measuring range, if appropriate (see 5.9).
k) Serial number(s) of the associated equipment, if applicable.
[) Value(s) of the auxiliary supply, if relevant.

m) Symbol showing that some other essential information is given in ayseparate document
(symbol F-33).

n) Space for adjustment data (if appropriate).

o) Ngminal range of use for temperature, symbolized as usage.group I, Il or Ill.
p) Cgdmmon mode voltage.

q) Overvoltage category (see IEC 61010 (all parts).

r) Pdllution degree according to IEC 61010 (all parts),

s) Other required safety symbols according to IEC:61010-1:2010.

If the markings and symbols are on an easily rémovable part, such as a cover, the trangducer
shall have a serial number which shall also be*marked on the body of the transducer.

Trans@lucers having a non-linear relationship between input and output shall be marked with
the symbol F-33, and actual relationship between input and output shall be given in a separate
document.

NOTE |To be given if there is sufficient space on the case, otherwise to be given in a separate document.

7.2 [Markings relating'to the reference conditions and nominal ranges of use
for transducers

7.21 The reference values (or ranges) and nominal ranges of use, if different from|those
given |in Table-3%and Table 4 and Clause 6, shall be marked on the transducer or givgn in a
separate document.

7.2.2 When a reference value or a reference range is marked, it shall be identiffed by
underlining.

Table 23 shows the significance of the various markings, for example for temperature.

Table 23 — Examples of marking relating to the reference conditions
and nominal range of use for temperature

Example Meaning
-5...23...55°C Conforms to group |
-25...15...30...70°C Conforms to group Il
-35...0...45...75°C Conforms to group Il
0..25...40°C Reference value: 25 °C

Nominal range of use: 0 °C to 40 °C
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-5..20...30...35°C Reference range: 20 °C to 30 °C

Nominal range of use: -5 °C to 35 °C

Three or four numbers shall always be used.

7.3 Identification of connections and terminals

If so required for the correct use of the transducer, a diagram or table of connections shall be
supplied and the terminals shall be clearly marked to show the proper method of connection.

If a tefminal of @ measuring circuit Is intended 10 be Kept at, or near to earth (ground) potential
(for example, for safety or functional reasons), it shall either be marked with a capitatN(|if it is
intended to be connected to the neutral conductor of an AC supply circuit, or it shallbé marked
with symbol F-45 (see Table 24) in all other circumstances.

The darthing terminal(s) shall be marked using symbol(s) F-31 and/or F-42 to F-45, as
appropriate.

7.4 [Information to be given in a separate document
The fdllowing information shall be given in the document supplied with the transducer:

— regponse time;
— the variation due to a magnetic field of external origin;

— the actual relationship between input and output\(see required indications according type of
cufves given in 5.3 for output current transferfunctions).
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Table 24 — Symbols for marking transducers

No. Item Symbol
B Nature of input quantity(ies) and number
of measuring circuits
B-1 | DC circuit (for auxiliary supply only) IEC 60417-5031 —
(2002-10)
B-2 [ AC circuit (single phase) IEC 60417-5032 N\
(2002-10)
B-3 | DC and AC circuit IEC 60417-5033
(2002-10) NS
B-4 | [Three-phase AC circuit (general symbol) IEC 60417-5032-1 3 /NS
(2002-10)
B-6 | [Pne measuring element for three-wire network IEC 60417-5032-1 IV 1E
(2002-10)
B-7 | Pne measuring element for four-wire network IEC 60417-503242 NN/ 1E
(2002-10)
B-8 | [fTwo measuring elements for three-wire network with IEC 60417-5032-1 3 /\/ 2E
Linbalanced load (2002-10)
B-9 [[f'wo measuring elements for four-wire network with IEC(60417-5032-2 3NN\ 2E
Linbalanced load (2002-10)
B- | [Three measuring elements for four-wire network with IEC 60417-5032-2 3N /N 3E
10 | pnbalanced load (2002-10)
C Pafety (see IEC 61010-1:2010)
E Accuracy class
E- [[Class index (e.g. 1) when the fiducial value corresponds to the — | 1 |
10 | ppan
E- [[lass index (e.g. 0,5) when the fiducial value_corfesponds to — ’ 05/l0.5 ’
11 [ palf the span ’ ’
F  [General symbols
F- | Earth (ground) terminal (general symbol) IEC 60417-5017
31 (2006-08) |
F- | [Caution, (refer to a separate document) ISO 7000-0434B |
33 (2004-01) AN
F- | Frame or chassis terminal IEC 60417-5020
42 (2002-10) 7
F- | Protective earth*(ground) terminal IEC 60417-5019
43 (2006-08) J_
F- | Fungtional earth terminal IEC 60417-5018 il
44 (2006-08) yd \
I —
F- | Measuring circuit earth (ground) terminal IEC 60417-5073
45 (2006-08)
F- | Positive terminal IEC 60417-5005
46 (2006-08)
F- | Negative terminal IEC 60417-5006 —
47 (2006-08)
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Annex A
(normative)

Requirements for TRD2

General

Clause A.1 to Clause A.3 follow the numbering of those in the main part of the document.

A1
Claus

Nomin

A.2

Claus

A3

Claus

A4

A.41

TRD2
compl

A.4.2

Vario\

Scope
b 1 applies, with the following addition:

al voltage is limited to 1 000 V AC and 1 500 V DC.

Normative references

b 2 applies.

Terms and definitions

b 3 applies.

Environmental conditions

General

are used in the environmental conditions of measuring equipment such as
ying with IEC 61557-12:2048 or PQI complying with IEC 62586-1:2017.

Normal environmental conditions

s environments; such as electrical distribution systems or supply grids, can be cons

as nofmal environments.

Norm4

A.4.3

| envirohmental conditions have been translated in ratings in Clause A.5.

Special environmental conditions

There

A.5

A.5.1

might be specific or more severe environmental conditions.

Ratings for TRD2

General

The basic ratings of TRD2 shall include the following items (as applicable).

1) Input ratings

Th

rated frequency (f,);
rated input voltage (U,).

e ratings for a TRD2 having a current monitoring input shall include, in addition,

PMD

dered
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e rated input current (Ipr),

 rated extended input current factor (Kqp),
e rated continuous thermal current (/),
e rated short-time thermal current (/,), and
e rated dynamic current (Idyn).

2) Output ratings

o rated output current (Ig,), for TRD2 delivering a current output;

e [Tated output voltage (Uy,), 1or TRDZ delivering a voltage outpurt,
o | rated output frequency (f,), for TRD2 delivering a frequency output;
e | rated burden Z,,.

3) Gagneral ratings
o | rated accuracy class;
e | rated temperature class;
¢ | rated humidity class;
o | rated auxiliary power supply, if any;
e | overvoltage category;

e | measurement category, if any.

NOTE [See guidance in IEC 61010-2-030:2017.
A.5.2 Input ratings
A.5.2.1 Rated frequency

For A(
400 H

applications, the standard values of the rated frequency are 16,7 Hz, 50 Hz, 60 Kz and

N \J

A.5.2.p Input voltage ratings

The rated input voltage-shall be specified by the manufacturer, taking into account Anngx | of
IEC 61010-1:2010 and,lEC 61010-1:2010/AMD1:2016.

A.5.23 Input-current ratings
A.5.2.3.1 Rated input current

The rgtedinput current value shall be specified by the manufacturer.

A.5.2.3.2 Rated extended input current factor

A value for the rated extended input current factor may be assigned to the TRD2 by the
manufacturer.

A Kgpcr shall be assigned to the TRD2; the minimum value allowed is 1,2.

NOTE The selection of proper input and output rated values is supposed to be consistent with input limits of the
associated measuring equipment.

A.5.2.3.3 Rated continuous thermal current (I,)

The standard value for the rated continuous thermal current of the TRD2 is the rated input
current.
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When a rated continuous thermal current greater than the rated input current is specified, the
preferred values are 120 %, 150 % and 200 % of rated input current.

A.5.2.4 Short-time current ratings

A.5.2.4.1 Rated short-time thermal current (1)

A rated short-time thermal current (/;;,) shall be assigned to the equipment.

If the duration is not specified, the value of the duration of the rated short-time thermal current
is1s.

A.5.2.|4.2 Rated dynamic current (/)

If not ptherwise specified, the standard value of the rated dynamic current (Idyn) is 2,5 times
the rated short-time thermal current (/y,).
A.5.3 Output ratings

A.5.3.1 Rated output interfaces

Rated|output interfaces are defined through interface codings as“defined in Annex B.

NOTE |[Annex B provides also most common output interfaces.

Output ratings are defined at Loy for TRD measuring current, and at Upr for TRD2 meafsuring
voltage.

A.5.3.2 Rated burden

A.5.3.2.1 Rated burden for TRD2 with an AC or DC voltage output, or a frequenicy
output

The pfeferred value of rated burden is defined by a resistance in parallel with a capaditance
according to Table A.1.

Table A.1 —.Rated burden for TRD2 with an AC or DC voltage output,
or a frequency output

Burden Resistance Capacitance

z,, U 2 MQ 50 pF

The impact of the total burden impedance range on accuracy is covered under accuracy clauses.

Attention should be paid to the parallel capacitance of instruments. If the transmitting cable is
not part of the TRD2, the capacitance of the cable shall be considered as part of the burden.

NOTE Typical cable capacitance is in the range from 15 pF/m to 100 pF/m.

If a cable is factory mounted, it shall not be changed/modified in order to preserve the specified
characteristics of the device, except if special considerations are undertaken to take into
account the modified characteristics of the TRD2 based on manufacturer’s information.

A.5.3.2.2 Rated burden for TRD2 with an AC or DC current output

The preferred value of rated burden is defined by the impedance in parallel according to
Table A.2.
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Table A.2 — Rated burden for TRD2 with an AC or DC current output

Burden Resistance Power factor
Z, 1 1Q 1
Z,, 12 2,70Q 1

Other values of rated burden may be chosen with output power up to 0,05 VA.

A.5.3.3 Power supply
Rated|external power supply and power supply provided by measuring equipment connegted to
TRD2|output are defined in Annex B.
A.5.4 General ratings
A5.4.4 Accuracy classes
The sfandard accuracy classes for TRD2 are defined in Table A.7;.Table A.8, Table A]9 and
Table|A.10.
A.5.4p Rated temperature classes
The standard temperature classes K40, K45, K55, K70vand Ks for TRD2 are defined |in the
below|Table A.3.
Table A.3 — Rated temperatures for TRD2
K40 K45 K55 d K70 ¢ Ks d
temperature temperature temperature temperature temperpture
class class class class of TRD2 | class of| TRD2
Rated |operating range ° -5°C to -10 °C to -5°Cto -25°Cto According to
(with gpecified +40 °C +45 °C +55 °C +70 °C manufacfurer's
uncerfainty) specification 2
Limit yange of operation -10-2C to -25°C to -5°Cto -25°C to
(no hafrdware failures) +55 °C +55 °C +55 °C +70 °C
Limit yange for storage -25°C to -25°C to -25°C to -40 °C to
and shipping +70 °C +70 °C +70 °C +85 °C
a8 Linpits shall be défined by the manufacturer according to the application.
b Ks|stands fof special temperature class.
¢ An|operating temperature is the highest temperature of the air in close proximity to TRD2.
d  K4p\femperature class corresponds to FI1 of IEC 62586-1:2017 and "indoor use" conditjon of
IEC82052=112020~
K55 temperature class corresponds to K55 class of IEC 61557-12:2018.
K70 temperature class corresponds to K70 class of IEC 61557-12:2018.
Ks temperature class corresponds to any other temperature class, e.g. Kx class of IEC 61557-12:2018, or FI2
or FO classes of |IEC 62586-1:2017.

A.5.4.3

Rated humidity classes

Table A.4 provides the rated humidity classes (standard humidity class and extended humidity
class) for TRD2. See Figure A.1.


https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

- 50— IEC 60688:2021 © IEC 2021

Table A.4 — Rated humidity classes

Standard humidity class Extended humidity class
Rated operating range 0%to75%RH?P 0 % to above 75 % RH 2P
(with specified uncertainty)
Limit range of operation for 30 days/year 0%to90 % RHP 0 % to above 90 % RH 2P
Limit range for storage and shipping 0% to 90 % RH P 0 % to above 90 % RH 2P
2 Limits shall be defined by manufacturer according to the application.
b Relative humidity values are specified without condensation.
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Figure A.1 — Relationship between ambient air temperature and relative humidity

A.6 [ Requirements for design of TRD2

A.6.1 General

If a TRD2 is-specified for both AC and DC measuring applications, both AC ard DC
requirements.apply.

However—tf-aTRD2tsspecifiedfor DC mMeasuring with AC components (AC Tipptes); only DC

requirement apply.

Unless otherwise specified, all the requirements of A.6.1 to A.6.9 apply for TRD2 measuring
AC or DC applications.

A.6.2 Safety requirements
A.6.2.1 General
Two classes of TRD2 are defined.

— Class F: TRD2 shall fully comply with the safety requirements of IEC 61010-1:2010 and
IEC 61010-1:2010/AMD1:2016 and IEC 61010-2-030:2017, with additional requirements
specified in A.6.2.2 to A.6.2.13. Class F is recommended for new designs.
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— Class D: TRD2 shall mostly comply with the safety requirements of IEC 61010-1:2010 and
IEC 61010-2-030:2017, with additional requirements specified in A.6.2.2 to A.6.2.13, but
with some deviations compared to class F. In such a case, compliance to IEC 61010-1
cannot be claimed.

A.6.2.
A.6.2.

2 Protection against electric shocks

2.1 General

For TRD2 class F, Clause 6 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 and
IEC 61010-2-030:2017 applies with the below additional requirements.

Clearg
accor(

— po

— maasurement category lll, for measuring circuits, and

- oV

For TRD2 class D, levels of insulations can be either identical to theésg defined for clas
be baged on IEC 60664-1:2020, with the below additional requiremeénts.

Cleargnces and creepage distances as well as solid insulation shall be selected at le
accordance with

- po
- oV

NOTE
A.6.2.
A.6.2.

Outpu

considered as accessible paris:

This i
RJ45,

Some
relate

A.6.2.

nces and creepage distances as well as solid insulation shall be selected atlg
ance with

lution degree 2,

brvoltage category lll, for other circuits, if any.

lution degree 2, and

brvoltage category lll.

beneral information is provided in Annex G.
2.2 Accessible parts
2.2.1 Output terminals of TRD2

[ terminals of transducers to\be connected to the measuring equipment shall gener

b especially true far\terminals equipped with an information technology connecto

exemptionimay apply on condition they are based on a risk analysis, in which ca
| mitigation measures shall be documented.

ast in

s F or

ast in

blly be

r (e.g.

DB9, or similar plugin connectors) or with stranded wire, where skilled or unskilled people
do nof expect a hazardous voltage.

se the

R.22 Outer surfaces of TRD2

Outer surface of transducers intended to be installed outside a cabinet, a panel or a cubicle
shall generally be considered as accessible parts.

Some exemption may apply on condition they are based on a risk analysis, in which case the
related mitigation measures shall be documented.

A.6.2.

2.3 Insulation provided by cables, busbars and bushings

Manufacturers shall specify in the technical documentation

— the kind of insulation requested on the cables or busbars or bare conductors to measure,

an

d

— the kind of bushings to use, if any.


https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

- 52— IEC 60688:2021 © IEC 2021

NOTE Guidance on insulation of cables or bushings is provided in Annex F.
A.6.2.2.4 Insulation within a panel

Manufacturers shall specify in the technical documentation if a minimum distance needs to be
maintained between outer surfaces of the TRD2 (or its output circuits) and other equipment
such as metallic parts or another TRDZ2 in its proximity.

A.6.2.2.5 Automatic disconnection

TRD2 class F shall comply with the requirements of IEC61010-1:2010 and
IEC 61010-1:2010/AMD1:2016 related to automatic disconnection.

TRD2|class D shall either comply class F requirements or comply with the requiremgnts of
Clausg¢ 15 of IEC 61558-1:2017 related to automatic disconnection.

A.6.2.3 Protection against mechanical hazards

Claus¢ 7 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 appli€s;

A.6.2.4 Resistance to mechanical stress

Clausg¢ 8 of IEC 61010-1:2010 applies with the below additional\requirements.

Outer|surface of transducers intended to be installed outside a cabinet, a panel or a qubicle
shall meet, except for terminals and cords,

— IK07 (2 J) for indoor use, and
— IK08 (5 J) for outdoor use.

Outer[surfaces of transducers intended to-be installed exclusively inside a cabinet, a pgnel or
a cubicle shall meet, except terminals and’cords, at least IK0O2 (0,2 J) requirements.

A.6.2.p Protection against the spread of fire
Claus¢ 9 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 applies.

A.6.2.6 Equipmenttemperature limits and resistance to heat

Claus¢ 10 of IEC61010-1:2010 and IEC 61010-1:2010/AMD1:2016 applies with the |below
additignal requirements.

Manu:Ecturers shall declare for TRD2 intended to monitor currents

— if the.TRD2 is intended to be used with integral means to avoid any (thermal) conta¢t with
conductor (cable or busbar) or if it is intended to be used in (thermal) contact with the
conductor,

— if two TRD2, put side by side, can be continuously in (thermal) contact during service, and

- if a TRD2 can be continuously in (thermal) contact during service with another cable or
busbar in the vicinity.

NOTE Guidance on temperature of cables and busbars is provided in Annex F.
A.6.2.7 Protection against hazards from fluids
A.6.2.71 General

Clause 11.6 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016 applies with the additional
requirements of A.6.2.7.2 and A.6.2.7.3.
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A.6.2.7.2 Degrees of protection for indoor use

For indoor use, outer surface of transducers intended to be installed outside a cabinet, a panel
or a cubicle shall meet IP40 requirements.

For indoor use, outer surface of transducers intended to be installed inside a cabinet, a panel
or a cubicle shall meet IP2X requirements.

This requirement is not applicable to installations where personnel cannot gain access to the
transducer without firstly de-energising the transducer and making it safe through some
controlled means (i.e. interlocking, documented operating instructions, etc.). In this case, the
need fe A } roduct
entation.

A.6.2.7.3 Degrees of protection for outdoor use

The rgcommended minimum degree of protection for enclosures for outdoor TRD2 is IP44
according to IEC 60529.

For TRD2 with lower IP index or for higher installation needs, additional protection feptures
againgt rain and other weather conditions shall be specified by(means of the supplemgntary
letter W placed after the second characteristic numeral, or aftet/he additional letter, if apy.

A.6.28 Protection against radiation, including lasér sources, and against sonid and
ultrasonic pressure

Clausg¢ 12 of IEC 61010-1:2010 and IEC 61010-1:2040/AMD1:2016, if relevant, applies.

A.6.2.p Protection against liberated gases and substances, explosion and impl¢sion

Claus¢ 13 of IEC 61010-1:2010 and IEC 671010-1:2010/AMD1:20186, if relevant, applies.

A.6.2.10 Components and subassemblies

Clausg¢ 14 of IEC 61010-1:2040-and IEC 61010-1:2010/AMD1:20186, if relevant, applies.

A.6.2.11 Protection by\interlocks
Clausg¢ 15 of IEC 61010-1:2010, if relevant, applies.

A.6.2.12 Hazards resulting from application

Clausg¢ 16(ofMNEC 61010-1:2010, if relevant, applies.

A.6.2.T3 Risk assessment

Clause 17 of IEC 61010-1:2010, if relevant, applies.

A.6.3 EMC requirements
A.6.3.1 General

A.6.3 applies only to TRD2 with active electronic components.

TRD2 shall comply with the immunity requirements of A.6.3.2 and the emission requirements
of A.6.3.3.

They shall also comply with the requirements of IEC 61326-1:2020 in regard to
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A.6.3.2 Immunity requirements

TRD2 transducers covered by A.6.3 shall comply with IEC 61326-1:2020, Table 2, with

e the ports as defined in Table A.5, below,

2021

. thanWmmwm i . -t i i below
Taple A.6, and
» the recommendation that devices are tested at 5 kHz for IEC 61000-4-4, instead©f 10p kHz.
Table A.5 — Definition of ports
Port Items related to transdacers
Enclogure Inner surface and outer surface of the trafsddcer, including outer
surface of connection cable and connectops, if any.
1/0 signal/control Output terminals
Power supply terminals when provided by the measuring equipmgnt
connected to the TRD2 output'via the connector, if any
Memory management terminals when provided by the measuring
equipment connected to’the TRD2 output via the connector, if any
Functional earth, if any.
DC pawer @ Protective earthyif any.
Power supply.port, when supplied from an external power supply
source, if‘any.
AC power Protedtive earth, if any.
Power supply port, when supplied from an external power supply
source, if any.
a8 Pdwer supply terminal intended"to.be connected to a low voltage DC supply (< 60 V) where the powef ports
ar¢ isolated from the AC mains-are not subject to transient overvoltages (i.e. reliably grounded, capadgitively
filtered DC output circuits)@and shall be regarded as 1/O signal/control ports.
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Table A.6 — Performance criteria for EMC immunity tests

Assessment criteria Conditions for acceptance

A Normal performance within the accuracy specification limits during and after the
test.

No change in the operating state is allowed nor is loss of data.

For transducers with digital output signal, this includes the state of quality and
sync bits.

During the tests, no individual sampled value error shall exceed 10 % of the rated
value.

A reset or restart is not allowed.

B Normal performance after the tests, within the accuracy specification limits for
transducers.

An unintended change of the operating state is allowed if self-recoverablewAtemporary
degradation of the performance is permitted during the tests, provided. the function is

self-recoverable, i.e. without user intervention, if this is described in-theEMC tes{ plan
and if the information is provided to the end user.

During the tests, no loss of stored data is allowed, and no indiyidual sampled valje
error shall exceed 100 % of the nominal RMS value.

A reset or restart is not allowed.

C Temporary loss of function is permitted, provided the function is self-recoverable pr
can be restored by the operation of controls.

A reset or restart is allowed, provided that, during this cycle, the output signal is ¢ither
zeroed or the validity bit is set to invalid until the transducer is again within the ngrmal
performance limits.

The recovery procedure shall be provided to the end user.

No permanent damage to the equipment is allowed.

After a reset or restart: normal performance within the accuracy specification limi{s

A.6.3.3 Emission requirements

TRD2|covered by A.6.3 shall comply with the requirements of 7.2 of IEC 61326-1:2020 fof class
A or class B equipment.

A.6.4 Climatic requireménts
A.6.4.11 Temperature requirements

TRD2|shall comply-with one of the temperature classes defined in A.5.4.2.

A.6.4.R Corrosion requirements

Risks jof\corrosion should to be considered during design according to TRD2 intended use.

A.6.5 Mechanical requirements
A.6.5.1 Vibration requirements

No additional requirements to the safety requirements.

A.6.5.2 IP requirements

No additional requirements to the safety requirements.
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A.6.6 Interface requirements
A.6.6.1 Input interface requirements

Input terminals, if any, shall be secure and reliable. Screw or screwless terminals are allowed.

A.6.6.2 Output interface requirements

Output terminals, if any, shall be secure and reliable.

For output terminals connection, one the following 4 options is possible:

— integral wire with flying leads, provided marking complies with A.6.8.3.4;
— tenminal for wires (e.g. spring terminals, screw or screwless terminals, terminal-block);
— a RJ45 connector as described in Table A.7 may be used for short distances(< 10m

— a gpecial connector, according to manufacturer specification.

Table A.7 — RJ45 connector pinout

Pin: 1 2 3 4 5 6 7 8

Function: S1 S2 T1+ V+ V- T2- a n

S1, S2: transducer output terminals, for transducers issuing a current output signal
a, n: transducer output terminals, for transducers issuing a_Veltage output signal

T1+, T2-: reserved for future use of TEDS connection (tfansducer electronic data sheet,
ISO/IEC/IEEE 21451-4:2010).
The voltage level delivered to the transducer shall,not'exceed 5 V DC.

V+, V-: power supply

NOTE RJ45 cord can be shielded or not depending on the length of the cord.

A.6.7 Accuracy requirements

A.6.7( Accuracy classes for TRD2 monitoring power factor with arithmetic method
(TRD2-PFA)

Accuracy classes shallalign with performance classes defined in 4.8.8 of IEC 61557-12:2018
for power factor, arithmetic method.

A.6.7.2 Accuracy classes for TRD2 monitoring power factor with vector method
(TRD2-PFV)

Accuracy classes shall align with performance classes defined in 4.8.8 of IEC 61557-12:2018
for powerfactor vector method

A.6.7.3 Accuracy classes for TRD2 monitoring voltage THD (TRD2-THDU)

Accuracy classes shall align with performance classes defined in 4.8.14 of IEC 61557-12:2018
for voltage THD.

A.6.7.4 Accuracy classes for TRD2 monitoring current THD (TRD2-THDI)

Accuracy classes shall align with performance classes defined in 4.8.16 of IEC 61557-12 for
current THD.
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A.6.7.5 Accuracy classes for TRD2 monitoring AC current (TRD2-I1AC)
A.6.7.5.1 Limits of error (¢) and phase error

The limits for the error on the magnitude and phase (as applicable) at the rated frequency shall
not exceed the values given in Table A.8 for the specified accuracy class at the rated burden.

Table A.8 — Limits for error and phase error for TRD2-I1AC

Error (as applicable) Phase error (as applicable)
Accuracy +% +min +Centiradians
cass at current (times rated input at current (times rated input at current (times rated]input
current) current) current)
0,0110,05| 0,2 | 1,0 | K¢, |0.01]0,05] 0,2 | 1,0 | K, | 0,01]0,05| 0,24-1,0]| Kgpe,
D, 1 - 04 (02|01 |0, - 15 8 5 5 - 0,4510,24 | 0,15 0,15
D,2 - 0,75(0,35| 0,2 | 0,2 - 30 15 10 10 - 0,9,10,45| 0,3|| 0,3
q,28 0,75(0,35| 0,2 | 0,2 | 0,2 | 30 15 10 10 10 | 0,9040,45| 0,3 | 0,3|| 0,3
0,5 - 1,5 {0,75| 0,5 | 0,5 - 90 45 30 30 5 2,7 11,35 0,9(| 0,9
q,5S 1,56 {0,751 0,5 | 0,5 | 0,5 | 90 45 30 30 30 .172,7 |1.35| 0.9 | 0.9(| 0.9
1 - 30 (15|10 | 1,0 - 180 | 90 60 60 - 54 | 2,7 | 1,8(| 1,8
3 4,5 | 3,0 | 3,0
A.6.7.5.2 Accuracy class for selectable-ratio:TRD2 with taps on the output

For al| accuracy classes, the accuracy requirements refer to the highest transformation ratio,
unlesg specified otherwise.

The manufacturer shall give informationiabout the accuracy performance at lower ratios|

A.6.7.5.3 Influence of temperature on accuracy

The gccuracy of the TRD2\shall remain within the specified accuracy limits specified in
Table |[A.7 over their operating ambient temperature range.

A.6.7.6.4 Anti-aliasing requirements

AnneX C applies.

A.6.7.5.5 Requirements for the measurement of harmonics and low frequencies
monitoring

Annex D applies.

A.6.7.6 Accuracy classes for TRD2 monitoring DC current
A.6.7.6.1 General

The ratio error for the DC component, at a burden equal to or higher than the rated burden,
shall not exceed the values given in Table A.9, expressed as a percentage of the measured
current. A graphical representation of error limits is shown in Figure A.2.

The accuracy shall be guaranteed for the whole range of temperature, for both polarities.
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Error (as applicable)
+%
Accuracy

class at current (times rated current)
0,05 0,2 1 Koper

0,05 0,5 0,13 0,05 0,05

0,1 1 0,25 0,1 0,1
0,2 2 0,5 0,2 0,2
05 3.5 1 05 05

1 5 2 1 1

For cyrrent lower than 5 % of the rated current, the absolute error €, shall notjincrease jabove
the vajue at 5 %.

NOTE

A

The purpose of A.6.7.6 is to consider a minimum value of error due to offset(voltage and noise.

Figure A.2 — Accuracy limits of a TRD2-IDC

A.6.7.6.2

Step response time

A value for the step response time T4 shall be specified.

A.6.7.6.3

A cut-off frequency shall be specified for an amplitude error of 3 dB.

A.6.7.6.4

Frequency bandwidth

Maximum amplitude of input current over frequency

If the rated input current cannot be sustained over the specified frequency bandwidth, a derating
shall be specified.
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A.6.7.6.5 Noise
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A RMS value referenced to input and a frequency band shall be specified. Alternatively, values
for spectral noise density shall be specified at discrete frequencies.

Preferred values are under consideration.

A.6.7.7

Accuracy classes for TRD2 monitoring AC voltage

The voltage error and phase displacement at rated frequency shall not exceed the values given
in Table A.10 at any voltage between 80 % and 120 % of rated voltage.

The efrors shall be determined at the terminals of the TRD2 and shall include the effects

fuses pr resistors as an integral part of the TRD2.

of any

For TRD2 with tappings on the output circuit, the accuracy requirements refer-to the hiighest
transformation ratio, unless otherwise specified.

Table A.10 — Limits of ratio error for TRD2-UAC

Accuracy | Error (as applicable) Phase error (as\applicable)
Class +% +min +Centiradians
At % of rated voltage | At % of rated voltage | At % of rated voltage
80 100 120 80 100 120 80 100 120
0,1 0,1 0,1 0,1 5 5 5 0,15 | 0,15 | 0,15
0,2 0,2 0,2 0,2 10 10 10 0,3 0,3 0,3
0,5 0,5 0,5 0,5 20 20 20 0,6 0,6 0,6
1,0 1,0 1,0 1,0 40 40 40 1,2 1,2 1,2
3,0 3,0 3,0 3,0 Not specified Not specified

A.6.7.8

Accuracy classes'for TRD2 monitoring DC voltage

The voltage error shall not.exceed the values given in Table A.11.

Table A.11 — Limits of ratio error for TRD2-UDC

Accuracy Error (as applicable)
class 1,
at % of rated voltage
6 20 40 +0 400 420
0,1 1 0,2 0,1 0,1 0,1 0,1
0,2 2 0,4 0,2 0,2 0,2 0,2
0,5 3,5 1 0,4 0,4 0,4 0,4
1 5 2 1 1 1 1
3 10 5 3 3 3 3

A.6.7.9

Requirements for short-time currents

The specified ratings shall be confirmed by a test specified in Clause A.7.
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A.6.7.10 Requirements for inter-turn overvoltage

For inductive TRD2 with mA outputs, the rated withstand voltage for inter-turn insulation of
output circuits shall be 2 kV peak according to a test specified in Clause A.7.

A.6.8 Marking requirements
A.6.8.1 Safety markings

Marking and operating instructions shall comply with IEC 61010-1:2010 unless otherwise
specified.

A.6.8.2 General markings
All trapsducers shall carry at least the following markings:

a) name or trademark of the manufacturer or supplier;
b) a model number, name or other means to identify the equipment;
c) rafed frequency(ies) or declared rated frequency range;
d) highest voltage of equipment.
e) other ratings defined in A.5.1;
— | input ratings;

— | output ratings.

If therf is not enough room on the TRD2 to write all the required markings, a) and b) shall be
presemt on the product and symbol 14 in Table 4.0f IEC 61010-1:2010 shall be added |(if not
otherwise specified). Items c), d) and e) shall bg, provided in the documentation.

A.6.8.3 Markings of terminals
A.6.8.3.1 General
The tgrminal markings shall identify; as applicable,

e the input and output terminals,
e the relative polaritiesyiftany,
e the intermediate taps, if any, and

e tenminals for.other purposes, for example auxiliary power supply, earth connection, inputs,
oufputs, communication ports.

A.6.8.3.2 Markings to be used

All TRD2shall (‘nmpl\/ with rnqnirnmnni‘e prn\/idnd inAnnex E

A.6.8.3.3 Indication of relative polarities

For TRD2 monitoring current, all the terminals marked P1, S1 and C1 shall have the same
polarity at the same instant.

For TRD2 monitoring voltage, terminals having corresponding capital and lower-case markings
shall have the same polarity at the same instant.

A.6.8.3.4 Method of marking

The terminals shall be marked clearly and indelibly, either on their surface or marked (or
provided by others means) in their immediate vicinity.
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The marking shall consist of letters (in block capitals) followed by numbers, (or preceded where
necessary, e.g. for 2 output circuits), or with an arrow pointing from the P1 toward P2.

If possible, the output terminals shall be identified clearly and indelibly, either on the surface of
the transducer or, in case of an integrated cable with connector, in the immediate vicinity of the
connector. If not possible, the manufacturer shall in any case provide relevant information in
the product documentation.

A.6.9 Documentation requirements
A.6.9.1 General
The mlanufacturer shall make available to the purchaser the technical documentation, w

neces

The f

sary for the installation, use and maintenance of the TRD2.

bllowing information shall either be marked on the transducer orspecified

docunjentation:

e idq
e ing
e ing
e ing

e NO

ss in kg (if > 25kg);

measuring characteristics and all markings.
llowing information shall be specified in the documentation:

ety instructions (see 5.4 of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:201
e A.6.2);

ntification of connections and colour code in case of flying leads connection;
tructions for transportation and storage;

tructions for assembly, installation, confqection and maintenance;

tructions for dismantling and disposal;

se spectral information for specific’'transducers;

o rafiings defined in A.5.1:

e EN
o sa
o i

input ratings;

output ratings;

general ratings.

IC emission class A or class B ;

ety class class F or class D;

its of environment use and mitigation measures:

indoor or outdoor use;

installation inside cabinets (or panels or cubical) with or without locking means:

hich is

n the

6 and

kind of bushings or other means for additional insulation.

A.6.9.2 Information for selection of TRD2

In order to facilitate the selection of transducers compatible with the instrument interface, an
interface code, as specified in Annex B, shall be documented by manufacturers.
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A.7 Tests for TRD2

A.71 Type tests
A711 General
A71.11 Selection of test specimens

All the type tests shall be carried out on a set of identical specimens.

A type test may also be considered valid if it is made on a TRD2 that has minor constructional
deviatians from the TRD2 under cansideration

All thg type tests shall be carried out at ambient temperature between 10 °C and 30.%C.

A7.1(1.2 Sequence of tests

No spgcific sequence of test is requested.

AT71. Safety tests
All rel¢vant clauses related to testin IEC 61010:2010 and IEC 69010-1:2010/AMD1:2016 [apply.

A718 Electromagnetic compatibility tests
A713.1 General

Test shall be conducted according to IEC 61326-1,2020.

The measurements shall be made in the operating mode in accordance with the EMC test plan
(arrangements, including cabling, representative of normal installation conditions, etc.).

A.7.1B.2 Immunity tests

Tests |shall be conducted aceording to requirements specified in A.6.3.2 with the following
additigns.

— Thee output equipment; and the auxiliary power supply if any, shall not be subjected|to the
tegt stress.

— During the immunity tests, the length of cable connections between the EUT and the putput
equipment used as auxiliary test equipment shall be the maximum allowed according|to the
mgnufacturer’s specifications.

— The FRD2 shall be subjected, during the test, to the nominal input signal for which it is|rated.
Hdwever, for ease of testing, in case of TRD2 monitoring current, it is allowed to redufce the
input current value, with a minimum of 10 % of the rated value or 10 A, whichever is greater.

A.7.1.3.3 Emission tests

Tests shall be conducted according to requirements specified in A.6.3.3 with the following
additions: TRD2 needs not to be loaded.

A.7.1.4 Climatic tests

Tests shall be conducted according to requirements specified in A.6.4.

A.7.1.5 Mechanical tests

Tests shall be conducted according to requirements specified in A.6.5.
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A.7.1.6 Accuracy tests

A.7.1.6.1 General

Tests

shall be conducted according to requirements specified in A.6.7.

The limits of error shall be tested at ambient temperature and at the rated frequency(ies).

A.7.1.6.2 Accuracy tests for TRD2 measuring AC currents

Accuracy measurements shall be made at each value of current given in the tables of A.6.7 for

the d

clared accuracy class and the rated frequency relevant to the type of trans

ucer.

Meast
range

If a se

rements shall be made at the highest and at the lowest value of the specified\H

curity factor FS is declared, the following test applies in addition.

With the input circuit open-circuited, the output circuit is energized at+ratéd frequency

substa

ntially sinusoidal voltage. The voltage shall be increased until-the exciting curi

reaches I, x FS x 0,1.

The R

The e
the av
using

A.7A1.

Tests

MS value of the obtained terminal voltage shall be less than the output limiting EM

citing voltage shall be measured with a transducérywhich has a response proportid
erage of the rectified signal, but calibrated in RMS. The exciting current shall be mea
an RMS measuring transducer having a minimum crest factor of 3.

6.3 Accuracy tests for TRD2 medsuring DC currents

shall be made at each value of.current given in the tables of A.6.7 for the de

accuracy class relevant to the type of transducer, at rated burden, and at ambient tempe

unless

The tqg

For in
absol

For th

otherwise specified.

st shall be made up to the'rated input current (7).

but current equaltoszero, the measured absolute error shall not exceed the value
te error allowed at'0,05 x /.

e test at accuracy limit input current, the DC current source might not be availabl

accurlcy of thewhole system may be tested using an alternating DC signal input metho

manu
specif]

cturer shall supply all necessary information for the calculation of the accuracy
ed/input level.

urden

by a
ent I

F EFS'

nal to
sured

clared
ature,

of the

e. The
. The
at the

For some technologies, instead of applying the input current on the input terminals, an auxiliary
test circuit may be used to supply a corresponding test current.

A.7.1.6.4 Accuracy tests for TRD2 measuring AC voltages

Tests shall be made at each value of the input signal given in A.6.7.7 at the rated frequency
and at ambient temperature, unless otherwise specified.

The tests shall be made with each burden listed in Table A.12.
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Table A.12 — Burden values for basic accuracy tests

Resistance Capacitance

Rated value o=@

Rated value Rated value
Rated value +5 % Rated value
Rated value -5 % Rated value

NOTE The burden values during test include the impedance of the test equipment.

@ Only inherent capacitance of test equipment which shall be not more than 10 pF.

In a fif
time ¢

Then

stabili
voltag

The e
the te

NOTE
manufa

NOTE 1
temper.

A.7A1.

Tests

accuracy class relevant to the type oftransducer, at rated burden, and at ambient tempe

unless

In a fif
time c

Then the voltage is reduced to U, and maintained up to the thermal stabilization. The ac

is med

From
estima

st step, the accuracy shall be measured in a short time (less than 0,05 times«dhe tf
pnstant) at ambient temperature with increasing voltages.

the voltage is set to the rated input voltage Upr and maintained: Up to the tH

vation and then the accuracy is measured again. In case of a;defined range of
e, the highest level shall be used.

rors shall be within the limits of the relevant accuracy class both at the time of ap
5t voltage and after thermal stabilization.

The stability is considered after a delay of 3 times the{thermal time constant which is defined
Cturer or determined during the temperature-rise test.

This test can be performed in combination with the)temperature-rise test, or can be combined
ture cycle accuracy test.

6.5 Accuracy tests for TRD2 measuring DC voltages

shall be made at each value of\voltage given in the tables of A.6.7 for the de

otherwise specified.

st step, the accuracy shall be measured in a short time (less than 0,05 times the tt
pnstant), at ambientitemperature, with increasing voltages.

sured and.-the*accuracy variation at U, is determined.

this result, the accuracy variation at intermediate voltages and maximum volt
ted'according to the thermal characteristics of the resistors.

ermal

ermal
input

plying

by the

ith the

clared
ature,

ermal

turacy

hge is

The errors shall be within the limits of the relevant accuracy class, both at the time the test
voltage is applied and after the correction of the accuracy variation.

The stability is considered after a period of 3 times the time constant, which shall be defined by

the su

pplier.

For input voltage equal to zero, the measured absolute error shall not exceed the value of the
absolute error allowed at 0,05 x Upr.

NOTE

This test can be performed together with the temperature-rise test.
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A.7.1.6.6 Tests of the step response time (7,) for TRD2 measuring DC current or
voltage

A.7.1.6.6.1 Test setup for TRD2 measuring DC currents

The determination of the step response time requires a current generator and instruments to
measure the input signal and the output signal. The rise time of the generated signal shall be
less than 0,2 x T, (see Figure A.3).

The input current step-up may be replaced by a current step-down. The rise time is then
replaced by the fall time. The positive current polarity generates a negative step-down and vice
versa.

The sfep response time of the signal measurement systems shall be lower than 0,05-% 7},

The tgst shall be performed with input current of positive and negative polarity.” A test durrent
value equal to the rated current shall be used.

A step current will be applied and both input current and output _signal will be regorded
simultpneously.

The tglerance limit AVg is defined as 5 % of the steady-statevalue of the output signal /.

NOTE |A reduced tolerance limit can be defined by agreement between the purchaser and the manufacturef.
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T, ) measured step response time for periodic behaviour
T, @) measured step response time for aperiodic behaviour
Ty ") settling time for periodic behaviour

Ty @ settling-time for aperiodic behaviour

Figure A.3 — Measurement of the step response time

IEC

In case of difficulties to generate the input signal with the specified rise time, the test procedure

may be adapted as follows.

— Inject an equivalent sensor signal on the input of the input converter. The supplier shall
supply necessary information for the calculation of the step response time at the input level.

— For some technologies, instead of applying the input current on the input terminals, an
auxiliary test circuit may be used to supply a corresponding test current. The supplier shall

supply information for the calculation of the step response time at the input level.

Test results: see A.7.1.6.6.3.
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A.7.1.6.6.2 Test setup for TRD2 measuring DC voltages

The input test voltage should be the rated input voltage and represents an impulse voltage
characteristic with an accuracy of +3 %. The step voltage can be generated by an impulse
voltage generator. In case of difficulties in generating the input signal with the specified rise
time, the test procedure may be adapted, using a reduced input voltage signal, provided that
the linearity of the system is proven, and the output signal level permits an accurate
measurement (see Figure A.3).

The front time corresponds to the definitions of lightning impulse definition with a front time of
1,2 ys, with a relative tolerance of +30 %.

The tilne to half value corresponds to the definitions of switching impulse definition with ja time
to half value of 2 500 ys, with a relative tolerance of +60 %.

The tgst shall be performed one time for each polarity. Each test shall be recerded with the
reference curve together with the step response curve of the test object.

The i[]put voltage is measured with a reference divider. The output ofthe reference divider and
the output voltage of the transducer is measured with a transient recorder (see Figure A|3).

The tglerance limit AVg is defined as 5 % of the steady-state valde of the output signal /..

NOTE |A reduced tolerance limit can be defined by agreement betweéen the purchaser and the manufacturef.

Test results: see A.7.1.6.6.3.

A.7.1.6.6.3 Test results

The TRD2 is considered to have passed the'test if

— the measured step response time T, is lower than the rated value, and
— the settling time is less than 10-x T,.

A.71.6.7 Temperature cycle accuracy test

This test is intended to shew compliance with the accuracy requirements under rated condgitions
the rajed temperature categories is given in Table A.3.

If it can be proven with general engineering practices that the transducer under its normal
conditjons accaording to Clause A.4 and for its declared ratings will remain within its ac¢uracy
limits pverrits.complete temperature range, this test may not to be performed.

e adndn 4. 0040 adodan

The t&mpclatuu: IiDU tcbi Uf - OTUTU= U TU alld iEC 01U IU'AI.ZGAIGIIA?V‘EDAI 2016, 104, Sha”
be performed prior to this test. From the temperature rise test, the thermal time constant (r) and
the temperature rise (AT) shall be determined at the rated continuous thermal current for TRD2
measuring currents or, for TRD2 measuring voltages, at the rated voltage factor multiplied by
the rated input voltage. Temperature rises may be negligible for some technologies. Thus,
temperature rise tests may not be conducted for those transducers.

The temperature cycle accuracy test shall be performed under the following conditions:

— at rated frequency;
— at rated burden (external burdens may be kept outside the chamber);

— active electronic components and the transmitting system may be exposed in the same
chamber or, to their specified minimum and maximum operating ambient temperature if
different from the temperatures of the transducer. Other components such as auxiliary power
supply may be kept at room temperature.
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TRD2 are subjected to a temperature cycle in accordance with Figure A.4.

(0]

5 A

o

2 Maximum + AT

IS

1)

< Maximum
Ambient

Minimum | ovonenns .............. k_l

. Time

® Instant where accuracy has to be measured Ec

Figure A.4 — Temperature cycleraccuracy test

The ambient air temperature at the start and at thesend of the test shall be between 10 9C and
30 °C

The minimum and maximum air temperatures correspond to the specified minimum and
maximum operating ambient temperatures:

The 4dcclimatization before the accuracy test for maximum ambient temperature shall be
performed with the air temperature equal to the maximum operating ambient tempdrature
increajsed by the established temperature rise AT.

The test is performed without input signal. When a input signal is required for powering the
transducer or its associated equipment, the input may be energized.

changkd; this can be either a positive or a negative change. The minimum temperature variation
rate i 20 K/h."Condensation shall be avoided. The temperature variation rate shall preferably
be noted’in-the report.

The tgmperaturevariation part of the test is when the air temperature in the climate chalber is

After each temperature variation, the transducer shall enter a stabilizing period with a duration
of at least three times the thermal time constant 7.

At the end of each stabilizing period, the accuracy of the transducer shall be measured. After
the stabilizing period, measures shall be taken to avoid cooling or heating other than caused
by the accuracy measurement itself.

Measured values at every point of the test shall be within the limits of the specified accuracy
class. The accuracy measurement at the start of the temperature cycle may be omitted if the
accuracy at ambient temperature is known from previous tests.

For TRD2 with multiple rated frequencies, accuracy class measurements may be done at one
rated frequency only.
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A71.7 Verification of markings and documentation

Conformity of markings and documentation is checked by inspection. Legibility of markings is
checked by the tests defined in IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:20186.

A.7.1.8 Short-time currents tests
A.7.1.8.1 General

The following tests apply as far as possible depending on the kind of device under test and its
technology. Thus, if the tests described in this clause cannot be applied, manufacturers should
reference in their documentation the product standard used for the tests.

Howeyer, short time current tests may not apply to some specific technologies.

A.7.18.2 For TRD2 measuring AC currents

The thHermal test shall be made at a current /’ for a time ¢’, so that:

I%xt"> 12 xt

where

t is the specified duration of the short-time thermal cdrhent;
t' shpll have a value between 0,5 s and 5 s.

The dynamic test shall be made with an input current the peak value of which is not lesg than
the rated dynamic current (Idyn) for at least one peak.

The dynamic test may be combined withsthe thermal test above, provided the first majol peak
current of that test is not less than theyrated dynamic current (/4,,).

For TRD2 with mA output, the-tests shall be made with the output circuit(s) short-circuitgd.

For TRD2 with mV output;*the output terminals shall be left open or connected to thel rated
burden.

A.718.3 For TRD2 measuring DC currents

Tests [should-be applied as stated in A.7.1.8.2 but with a single test at a value of test qurrent
as deglared by the manufacturer. The value of the test current should be at least equal to|either

b 4l frrral 4
- tel urmes uic ratcu CUrTrcerit, Ul

— five times the rated current multiplied by K¢,

If there is no limitation of use of transducer, then above limit of time applies. If the use is limited
to specific applications, then the time limit can be reduced according to manufacturer
specification.

A.7.1.8.4 Test results

The device is deemed to have passed these tests if, after cooling to ambient temperature, it
satisfies the following requirements:
— it is not visibly damaged;

— its errors after demagnetization do not differ from those recorded before the tests by more
than half the limits of error appropriate to its accuracy class;
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— it withstands the dielectric tests specified in IEC 61010-1:2010 but with test voltages
reduced to 90 % of those given;

— examination of the insulation next to the surfaces of the conductors does not show
significant deterioration (e.g. carbonization).

The examination is not required if the current density in the input and output circuits,
corresponding to the rated short-time thermal current (/;;,), does not exceed

— 180 A/mm2 where the circuit is of copper of conductivity not less than 97 % of the value
given in IEC 60028, or

— 120 A/mm2 where the circuit is of aluminium of conductivity not less than 97 % of the value
given in IEC 60121.

A7.1.9 Inter-turn overvoltage tests

Tests [shall be performed at the full circuit in accordance with one of the following procedures
AorB.

NOTE Due to the test procedure, the wave shape can be highly distorted.

NOTE 3 Tests can result in voltage values lower than specified in A.6.7.
e Prpcedure A

With the output circuit open-circuited (or connected to a-high impedance device which|reads
peak yoltage), a substantially sinusoidal current at some-Suitable test frequency betweern rated

frequgncy and 400 Hz and of RMS value equal to the rated input current (or rated extended
input ¢urrent if specified) shall be applied for 60 s texthe input circuit.

Test results:

— | The applied current shall be limited:if the test voltage for inter-turn insulation is objtained
before reaching the rated input current (or rated extended input current).

— | If the test voltage for inter-turp’insulation is not reached at maximum input currept, the
obtained voltage shall be regarded as the test voltage.

e Prpcedure B

With the input circuit openscircuited, the test voltage for inter-turn insulation (at some suyitable
test frequency) shall be_applied for 60 s to the terminals of each output circuit.

Test results:

— | The RMS value of the output current shall not exceed the rated output current (or the
appropriate extended value if specified).

maximum test fequency, the obtalned voltage shall beregarded as the test voItage

The inter-turn overvoltage test is not a test carried out to verify the suitability of a transducer to
operate with the output circuit open-circuited. Transducers should not be operated with the
output circuit open-circuited because of the potentially dangerous overvoltage and overheating
which can occur.

A.7.1.10 Anti-aliasing tests

This test addresses anti-aliasing requirements defined in Annex C, when applicable.

The attenuation is calculated, and above limits are checked. Where agreed to by the user and
manufacturer, injection may be into the output converter.
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The magnitude of the input signal shall be at least 1 % of the rated input signal.

NOTE Due to the fact that aliasing occurs, the input signal and the output signal do not have the same frequencies.
Therefore, test arrangements using bridge configurations cannot be used. The easiest way to do the test is to
calculate or measure the RMS values for input and output separately using a digital system or a simple multi-meter
for analogue systems.

Test results: see Annex C.

A.7.1.11 Test with harmonics and at low frequencies

This test addresses requirements for the measurement of harmonics and low frequencies

d f pay- A Im [~ |H Ll
e InU M AATITTCA D WIHTCTT appiivavic.

In an jdeal case, tests on harmonics should be made with the rated input signal<at-thg rated
frequgncy plus a percentage of the rated input signal at each considered harmonic frequency.
Such @gn input signal should provide a realistic image of the dynamic requirements ¢n the
transducer and will yield a good image of some non-linear phenomena which ican happen|in the
transducer (intermodulation, for example).

Howeyer, it can be difficult to achieve a test circuit which generates-such a input input g$ignal.
For prpctical considerations, it is accepted that the accuracy tests be made with only onefsingle
harmanic frequency applied at the input side for each measurement.

Frequency response requirements defined in Table E.1 ate very important for achieving gevice
interoperability. Verification of these requirements may,~however, be quite difficult and refquires
intimafe knowledge of physical properties and limitations of the tested device’s technology.
Frequency response testing shall fulfil the harmonics requirement described in Table E.{.

The use of a suitable test setup is required.

Trans@lucers susceptible to saturation cannot in general be tested at low frequencies using full
voltagge/current levels. For these devices, measurements at frequencies below the npminal
system frequency should be performed with test signal magnitude reduced in inverse proportion
with the frequency:

ftest

Tist :[er_
r

To avpid measufement circuit clipping, testing of transducers with output signals incrg¢asing
with flequency-should be performed with test signal magnitude reduced in proportion wjth the
frequgncyt

fe

test

Ligst :[pr X

In case of difficulties or limitations of the laboratory capabilities, it is also accepted to reduce
the input test current of TRD2 measuring current to a value not lower than 10 % of the rated
value or 10 A, whichever is greater.

Test results: see Annex D.

A.7.2 Routine tests
A.7.21 General

Routine tests shall be conducted on 100 % of manufactured TRD2.
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Except otherwise specified, TRD2 may be in any position for routine tests as long it does not
influence the test results.

Except otherwise specified, accessories and other optional parts may be omitted for routine
tests as long it does not influence the test results.

A.7.2.2 Accuracy tests

Accuracy of TRD2 shall be verified in order to verify that the TRD2 complies with its assigned
accuracy class. Conformity is checked by any relevant means, under the responsibility of the
manufacturer.

Routine test is performed at room temperature at routine test location and at rated_frequency
only.

A.7.23 Verification of markings

It shall be verified that the markings are clearly readable. Conformity is checked by inspgction.

A.7.2.4 Safety tests
TRD2|class F shall comply with Annex F of IEC 61010-1:2010-

A.7.25 Inter-turn overvoltage tests

No requirements.
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Annex B
(normative)

Interface coding

B.1 General

Annex B provides a way to specify an interface coding, aiming at facilitating the selection of
transducers compatible with the equipment interface.

This interface coding includes

— th¢ characteristics of connection between the output of transducers and the instrument,
— th¢ rated output value at the output of the transducer,

— the rated power supply at the output of the transducer, in case an auxiliaty power supply is
supplied from a standardized connector, and

— the rated transfer curve.

This ipterface coding shall be described in the manufacturer technical literature, in onder to
ease the selection of the relevant transducer by the customer ‘hefore ordering.

This ipterface code is not supposed to be marked on thefransducer name plate, because this
name plate is visible by the customer once the transducer has been delivered, that is to¢ late.

B.2 | Characteristics of interface connection

Table|B.1 provides options for connections, either though wires or through a standafrdised
conneftor.

Table B.4— Coding of interface connection

Connector specification Code letter

RJ45 with pinout as specified.invA.6.6.2

Wires

Termirjal for wires

w|d|s|=

Specidl connectors

NOTE[1 Soldeted terminals on PCB is an example of special connector.

NOTE [2.\Screw/screwless terminals or spring terminals are examples of wired terminal for wires.

B.3 Coding of rated output values for transducers

Table B.2, Table B.3, Table B.4, Table B.5, Table B.6, Table B.7 and Table B.8 provide lists of
rated values to be used for TRD2, and that may be used for TRD1 if relevant.
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Table B.2 — Rated AC RMS voltage output

Kind of output Rated output value Code Applicable for
letter * | rep1 | TRD2
AC voltage output 22,5 mV AC RMS u1
100 mV AC RMS u2 X
150 mV AC RMS U3 X
225 mV AC RMS u4 X
333 M-ACRMS Y5 Za
1V AC RMS U6 X
112,5mV AC RMS u7 X
Special value Ux X
2 In case the output depends on other items (e.g. configuration, pasition of
transducer, frequency or phase of AC input signal) than the input leveli.then the
curve shall be noted "dU" instead of "U" or "dx" instead of "x"

Table B.3 — Rated DC voltage output

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
DC voltage output 1,66 VDC us X
3vDC U9 X
4V DC u10 X
5V DC U11 X
Special value Ux X
TableB4 — Rated range of DC voltage output
Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
Range.of DC voltage OVto1VvDC u21 X
output
0Vto10V DC u22 X
-1Vto1VDC u23 X
-10Vto 10 VDC u24 X
DpUbidl vdiuc URX
Table B.5 — Rated AC RMS current output less than 1A
Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
AC current output (less | 20 mA AC RMS 11 X
than 1 A)
50 mA AC RMS 12 X
100 mA AC RMS 13 X
Special value Ix X



https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

IEC 60688:2021 © IEC 2021 -75—-

Table B.6 — Rated range of DC current output

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
Range of DC current | 4 mA to 20 mA DC 121 X
output
0 mA to 20 mA DC 122 X
0 mA to 1 mADC 123 X
0 mA to 10 mA DC 124 X
-1 mAto1 mADC 125 X
—5 IIII‘:'\ W 5 IIII:‘\ D\J iLU N
—-10 mA to 10 mA DC 127
—20 mA to 20 mA DC 128 X
-50 mA to 50 mA DC 129 X
—100 mA to 100 mA DC 130 X
—-200 mA to 131 X
200 mA DC
—-500 mA to 500 mA DC 132 X
Special value Ix
Table B.7 — Rated frequency output
Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
Range of frequency 0 to 20 kH2 F1 X
output proportional to -
the input quantity Special value Fx X

TableB.8 — Rated pulse density output

Kind of output Rated output value Code Applicable for
letter
TRD1 TRD2
Pulse density output 10 MHz P1 X
proportional to the
input quantity 20 MHz P2 X
Special value Px X

B.4 Coding of auxiliary power supply for transducers

Table B.9 provides possible options for power supplies for transducers supplied from measuring
instrument via the connector.

Table B.10 provides possible options for external power supplies for transducers.
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Table B.9 — Coding of power supply for transducers supplied from measuring
instrument via the connector

Power supply characteristics Voltage Code letter
Power supply when provided by the measuring No need (blank)
equipment connected to the transducer output via the
connector 3,3vDC PS1
5V DC PS2
12 v DC PS3
24V DC PS4
48\ DC PS5
Special voltage or range of PSx
voltage

Table B.10 — Coding of external power supply for transducers

External power supply characteristics Voltage Code letter
Power|supplied by external power supply 3,3vDC EPS1
5V DC EPS2
12V DC EPS3
24N DC EPS4
48V DC EPS5
+15V DC EPS6
+24V DC EPS7
110V AC EPS8
230 V AC EPS9
Special voltage or range of EPSx
voltage

B.5 |Coding of transfer function curves for transducers
Table |B.11 provides eoding for transfer function curves, if applicable.

Fable B.11 — Coding of transfer function curves for transducers

Transfer function curve Code letter

Transfgr function curve A, as defined in Figure 2

Transfer function curve B, as defined in Figure 3

Transfer function curve C, as defined in Figure 4

Transfer function curve D, as defined in Figure 5

Transfer function curve E, as defined in Figure 6

M mMm|O|O|®|>

Transfer function curve F, as defined in 5.8

B.6 Interface full coding for output of transducers

B.6.1 General

Table B.12 provides the full coding of the output of transducers.
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Table B.12 — Interface full coding for output of transducers

Coding of Coding of rated Blank Coding of auxiliary Blank Coding of transfer
connectors for the output values power supply function curve

output of

transducers
Code according to Code according to Code according to Optional code
Table B.1 Table B.2 to Table B.9 or to according to
Table B.8 Table B.10, if Table B.11, if
relevant relevant
B.6.2

Table [B.13 provides a list of examples, and the most common interface codes for ransducers.

Table B.13 — Examples of interface codes and most common interface codes

Kjnd of Interface Meaning of the interface code Most
tranisducers code common
Trans@lucers wu2 Transducer with wires connection, 100 mV AC rated-voltage output
delivefing an AC - - -
RMS Yoltage Wu3 Transducer with wires connection, 150 mV AC_rated voltage output
outpuf TU3 Transducer with terminal block connection,"I50 mV AC rated

voltage output

Wu5 Transducer with wires connections333 mV AC rated voltage output X
TU5 Transducer with terminal block,"333 mV AC rated voltage output X
wue6 Transducer with wires connegtion, 1 V AC rated voltage output
RU1 Transducer with RJ45 standardised connector, 22,5 mV AC rated
voltage output
RU7 Transducer with RJ445 standardised connector, 112,5 mV AC rated X
voltage output
RUS5S Transducer.with RJ45 standardised connector, 333 mV AC rated X
voltage output
RdU3 Transducer with RJ45 standardised connector, 150 mV AC rated X
voltage output depending on other items than the input level
RU4 Transducer with RJ45 standardised connector, 225 mV AC rated X
voltage output
SU2 Transducer with special connector, 100 mV AC rated voltage
output
Sdu2 Transducer with special connector, 100 mV AC rated voltage
output depending on other items than the input level
Su5 Transducer with special connector, 333 mV AC rated voltage
output
Sx Transducer with special connector, special analog output
Sdx Transducer with special connector, special analog output
depending on other items than the input level
Transducers wus8 Transducer with wires connection, 1,66 V rated voltage output
delivering a DC - - -
voltage output wu9 Transducer with wires connection, 3 V DC rated voltage output
Wu10 Transducer with wires connection, 4 V DC rated voltage output
wu11 Transducer with wires connection, 5 V DC rated voltage output
RU11 Transducer with RJ45 connection, 5 V DC rated voltage output X
SuU10 Transducer with special connector, 4V DC analog output

Sx Transducer with special connector, special analog output
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Kind of Interface Meaning of the interface code Most
transducers code common
Transducers wu21 Transducer with wires connection, 0 V DC to 1 V DC rated voltage
delivering a DC output
range of voltage - - -
output wu22 Transducer with wires connection, 0 V DC to 10 V DC rated
voltage output
Wwu23 Transducer with wires connection, -1 V DC to 1 V DC rated
voltage output
wu24 Transducer with wires connection, —10 V DC to 10 V DC rated
voltage output
Sx Transducer with special connector, special analog output
Transglucers WI1 Transducer with wires, 20 mA DC rated current output
delivefing an AC - -
current output Wwi2 Transducer with wires, 50 mA DC rated current output
WI3 Transducer with wires, 100 mA DC rated current output X
Sx Transducer with special connector, special analog output
Transg@lucers Wi21 Transducer with wires, 4 mA DC to 20 mA DC rated cusrent output X
delivefing an AC - -
range |of current Wi22 Transducer with wires, 0 mA DC to 20 mA DC rated\current output
outpuf Wi23 Transducer with wires, 0 mA DC to 1 mA DC rated“current output
Wi24 Transducer with wires, 0 to 10 mA DC rated/Current output
WI25 Transducer with wires, —1 mA DC to 1 mA.DC rated current output
WI126 Transducer with wires, =10 mA DC-t6 10 mA DC rated current
output
wi27 Transducer with wires, —20 mA DC to 20 mA DC rated current
output
Wi28 Transducer with wires,~50 mA DC to 50 mA DC rated current
output
WI29 Transducer withwires, =100 mA DC to 100 mA DC rated current
output
WI30 Transducerwith wires, =200 mA DC to 200 mA DC rated current
output
Wi21 Transducer with wires, =500 mA DC to 500 mA DC rated current
output
Rangqg of WF1 Transducer with wires, 0 kHz to 20 kHz rated range of frequency
frequgncy
output
Pulse [density WP1 Transducer with wires, 10 MHz pulse output
outpuf
P WP2 Transducer with wires, 20 MHz pulse output
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Annex C
(Informative)

Anti-aliasing requirements

The requirements in Annex C are applicable to transducers with embedded digital data
processing or transmission.

Digital and discrete time data processing limits the bandwidth to half the digital sampling rate
fs. If different sampling rates along the signal processing path are used, the lowest rate is the

limitin
rate. A

of acc
Jr- The

Figurg

Key
fs ADd

fy, digi

If f5 is
signal

first frequency which is mapped on f, is
Ifs=I
C.1 shows an example of a digital data acquisition system.
Anti- ADC Js s
aliasing o (sync o Digital o Re-
analogue g transfer g filter | sampling
filter function)

Jar

Digital to
analogue
converter

sampling rate

al signal data rate rate

Figure C.1 — Digital data acquisition system example
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uracy, the most critical frequencies are those mapped on to the power systetn-ifeq
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Hence, a so-called anti-aliasing filter shall be used. Minimum anti-aliasing filter attenuation
requirements are specified, as a function of the transducer accuracy class, in Table C.1.

Table C.1 — Anti-aliasing filter

Anti-aliasing filter

Accuracy class :
y attenuation

rz/-1)
0,1 >34 dB
0,2 > 28 dB
0,5 220 dB
1 220 dB

Other classes =20 dB
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Attenuation, expressed in decibels (dB), is calculated according to the following formula (for
voltage transducer, replace current 7 by voltage U):

where

is the attenuation

a= 20 logy,

IpXYer
YsxIpy

(dB)

[
I, is the RMS value of the input current at frequency f, with /2 fo — f,;

Figurg C.2 illustrates an example of harmonic and anti-aliasing frequency-response mag
requirements for metering accuracy class 1, where f. = 60 Hz and f; = 4¢800 Hz.

EIT overall gain (dB)

14

-18

=20

he rated input current;

; is fhe rated output signal.

ne RIS value or the output signal at the mirrorea rrequency, thatls, at jg — j,,

nitude

22

0,1

Key

Prohibited region for response

Figure C.2 - Frequency response mask for metering accuracy class 1

(f, = 60 Hz, f, = 4 800 Hz)

1000

10 000
Frequency (Hz)

IEC
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Annex D

(informative)

Requirements for the measurement of harmonics and low frequencies

D.1 General

Annex D may become normative in a future edition.

Due tj_m&wwmmﬁwmmw ' ' =li i j
the ngtwork. The amount of harmonics depends on the network and the voltage level.

ted on

Harmg@nics are of interest for monitoring applications, because they may have an_impact{on all
the elg¢ctrical quantities. Such applications include basic energy management, power mgtering
and nmjonitoring, and power quality monitoring, which require the performance on hagmonic

measdyrement to be quantified. Specific accuracy requirements for eachyclass are gi
Claus¢ D.2 and Clause D.3.

If harrmonics measurement and low frequencies performance is declared by the manufa

en in

Cturer,

the requirements for accuracy with harmonics in the next subclauses are applicable as ngeded.

D.2 | Measuring accuracy classes with harmonics

Table [D.1 gives the limit of errors on the magnitude and phase (as applicable) for the meajsuring
classgs.
Table D.1 — Limits of error for harmonics — Accuracy classes
Error limit P Phase P
t Error limit error limit Phase error limit jat
at low at‘harmonics of f at low harmonics of £
frequency r '
Acduracy frequency
class o
%o % Degrees Degrees
(qt f,) ° ° g g
th th th th
a ond o | O 7o | 197 | Above ond o | 2 7thto || 19
DC 1(Hz 4th and gth to 13th 1 Hz 4th and gth to
6th 13th 6th 13th
1 +1 +1 +1 +2 +4 +8 +8 45 *1 +2 +4 +8
-100 -30 -100
0,2 apd 0,2 S +2 +2 +2 +4 +8 +16 +16 145 +2 +4 +8 +16
-100 -30 -100
0,5 apd0,5S +5 +5 5 +10 +20 +20 +20 145 5 +10 +20 120
1 +10 +10 +10 +20 +20 +20 +20 45 +10 +20 +20 +20
-100 -30 -100
3and 5 - - - - - - - - — — — —
8 —100 % means DC coupling is possible but not required.

The transition between points defined in the above table shall be a straight line when shown in

log/log scale.
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Accuracy class extensions of transducers for high bandwidth applications

According to EN 50160 and IEC 61000-4-7, for such purposes, harmonics up to the 40th order
(in some cases even to the 50th order) are measured. IEC 61000-4-7 specifies that the relative
error (related to the measured value) shall not exceed 5 %.

These extensions can be applied to all accuracy classes to indicate better performances at high
frequencies. This performance is indicated by a wide bandwidth (WB) accuracy class extension.

The limits of accuracy for high bandwidth applications are given in Table D.2.

Table D.2 — Limits of error for harmonics — Accuracy class extensions WB1 and\\VB2

Error limits Phase error limijts
Acduracy at frequencies shown below at frequencies shown below
clgsses
+% + Degfees
WB1 0,1<f<1kHz | 1<f<15kHz | 1,56<f<3kHz | 0,1</<1kHz 15()<45 kHz | 1,5<743 kHz
WB2 0,1 <f<5kHz 5<f<10 kHz 10<f<20kHz | 0,1<f<5kHz 5,<f <10 kHz 10 < f< PO kHz
D, 1 1 2 5 1 2 5
0,2 and 0,2S 2 4 5 2 4 5
0,5 apd 0,58 5 10 10 ) 10 2
1 10 20 20 10 20 2
For D@ applications, the phase errors are not applicable.

The gbove limits of Table D.2 apply equally to both TRD2 measuring current and

measuring voltage.

The agcuracy classes 0,2S and 0,58(@pply only to TRD2 measuring current.

TRD2
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Annex E
(normative)

Markings terminals of TRD2

E.1 Marking of terminals for TRD2 monitoring AC current

The markings of TRD2 monitoring AC current shall follow the principles illustrated in the

examples in Table E.1.

Table E.1 — Marking of terminals for TRD2 monitoring current

Input terminals

Output terminals

P1 P2
o YT YT o
s1 s2 e

Single-ratio TRD2

S4 S2 S3

P>

IEC

TRD2 with an intermediate tappin
output circuit

j on

C1 Cc2 P1 P2
o O O
Input terminals
P1
o — P2
O
181 182 281 2S?
1 1 2 2
4 4 Sy S,  Sj S2| e
) S1 S2 EC
Outpuf terminals TRD2 with 2 output circuits; each with its
TRD2'\with input circuit in own magnetic core (two alternat|ve
2 seetionhs intended for connections markings for the output terminals)
either in series or in parallel
NOTE| For TRD2 using curve Fp, S can be replaced by T.
E.2 | Marking'of terminals for TRD2 monitoring voltage
The markings of TRD2 monitoring AC voltage shall follow the principles illustrated |in the

examples’in Table E.2.
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Table E.2 — Marking of terminals for TRD2 monitoring voltage

Input terminals A B A N
® q ® [
LAAAAA (AN
AYY Y YY) Y Y YY)
[ ] [ J L
a b a n
IEC IEC

Outpuf terminals Single-phase TRD2 with a single output | Single-phase TRD2-with a single output
LL LN

Input terminals

2
|

Three-phase assembly TRD2 with a
single output 3L-N

O ZUAAT ] P UAAAT— O
|
|
|
|
|
A —————0 2

Outpuf terminals
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Annex F
(informative)

Guidance related to cables, busbars and
bare conductors within an installation

F.1 Insulation of cables

Cables used in cabinets, panels and cubicles are supposed to provide a basic insulation at the
working voltage specified for this cable

A busTLng can provide a supplementary insulation, provided this bushing is specified,for 4t least
the same working voltage as for the cable or the same working voltage of the system.

Under] some conditions (see installation rules), a cable may be considered to proyide a
reinfofced insulation.

Busbgrs and bare conductors do not provide any insulation. A bushing can provide a ['basic
insulafion" provided this bushing is specified for at least the same working voltage as for the
busbar or the same working voltage of the system.

Under] some conditions (see installation rules), a bushing may be considered to proyide a
reinfofced insulation.

Meang to avoid contact with cable, busbars or bare conductor (e.g. integral means tof avoid
conta¢t with cable or busbar) are not supposed’to provide any additional insulation to the one
provided by bushing, the insulation of cable and insulation of TRD2.

F.2 | Temperature of cables and busbars

F.2.1 Cables

Accorfling to Table 6 of IEC 61439-1:2020, the maximum temperature-rise limits on terminals
for exfernal insulated conductors, for a daily average ambient air temperature up to 35 °Cjunder
service conditions, is 70 K.

Therefore, maximum permissible total daily average temperature of cable terminals is 105 °C
(35 °g + 70 K):

Consigering’the usual decrease of cable temperature from terminal, 90 °C can be consjdered
as a cpmmon value. This covers copper and aluminium cables.

F.2.2 Busbars

According to Table 6 of IEC 61439-1:2020, the maximum temperature-rise limits on copper
busbar, for a daily average ambient air temperature up to 35 °C under service conditions, is
105 K.

Therefore, maximum permissible total daily average temperature of busbar terminals is 140 °C
(35 °C + 105 K).

Considering the usual decrease of busbar temperature from terminal, 105 °C can be considered
as a common value. This covers copper busbar and also aluminium busbar having lower
permissible temperature.
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Annex G
(informative)

Guidance related to overvoltage categories and measurement categories

G.1

Concept of overvoltage category

The concept of overvoltage categories is defined in 4.3.2 of IEC 60664-1:2020, or IEC 60364-
4-44 or IEC 61010-1:2010.

G.2

G.2.

IEC

G.2

Two examples are considered below:

— expmple 1 = 230/400 V network, material group IlI;
— expmple 2 = 400/690 V network, material group |,

.2 Examples with IEC 60664-1:2020, for primary measuring circuits, OVC I,

Approach of IEC 60664-1 for primary circuits of TRD2

1 General

60664-1 uses the concept of overvoltage categories (OVC).

altitude under 2 000 m, inhomogeneous field

PD 2,

Table|G.1 and Table G.2 show clearances and creepage distances, respectively, according to
IEC 60664-4.
Table G.1 - Clearancestaccording to IEC 60664-1:2020
Diftribution Reference voltage Basic insulation Reinforced insulatign
system for clearances
(LN/LL) Uip ° Clearance ° Uinp © Clearapce °
V AC \% kV mm kV mn
230/400 300 4 3 6 5,4
100/690 600 6 5,5 8 8
NOTE| Clearances aecording to Table F.2 of IEC 60664-1:2020 can be reduced under some circumstances, see

a

b

[

IEC 60664-1:2020./However, values of impulse tests cannot be reduced.

Adcording:te» Table F.1 of IEC 60664-1:2020.
Adcofding to Table F.2 of IEC 60664-1:2020.

Forremforced nsuration, values are defined one step higher i the preterred Nist of values n 4.2.2.T of I[EC
1:2020 (see 5.2.3.1 of IEC 60664-1:2020).

60664-
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Table G.2 - Creepage distances according to IEC 60664-1:2020

Voltage
Distribution rationalized for Material Basic insulation Reinforced insulation
system insulation line to Group
line @
(LN/LL) Creepage distance ° Creepage distance ©
V AC \Y mm mm
230/400 400 I 2,8 5,6
400/690 630 | 3,2 6,4
NOTE LT 5.0.4.5 UI' iE\J UUUU4'1 £LUZU I'UI I.;IU IUidliUllbilip U; Crecpdayc ulibl.dllbc [19) bicdldllbc.
a8 Adcording to Table F.4 (rationalized voltages) of IEC 60664-1:2020.
b Adcording to Table F.5 of IEC 60664-1:2020.
¢ Fof reinforced insulation, creepage distance are twice the creepage distance for basic insulation, see §4.3.5 of
IEC 60664-1:2020.

G.3

G.3.1
IEC 6

Approach of IEC 61010 for primary circuits of TRD2

General

010-1 is the generic standard for safety requiréments for electrical equipmgnt for

measurement, control, and laboratory use that refers4o tfEC 61010-2-030 for circuits dedicated
to tesfing or measuring purposes.

IEC 6
CAT I

IEC 6

G.3.2

Two e

- EX
- EXx

Table
IEC 6

I, and CAT IV) that replaces the concept of overvoltage categories.
010-2-030 applies to testing and~measuring circuits.

Example with IEC 61040-2-030:2017, for primary measuring circuits, OVC
2, altitude under 2000 m, inhomogeneous field

kamples are considered below:

ample 1 = 230/400 V network, material group I,
ample 2 =,400/690 V network, material group I.

G.3 and-Table G.4 show clearances and creepage distances, respectively, accorg
010-2~030:2017.

010-2-030 has introduced a concept ofime€asurement categories (MC, named as CAT II,

Il, PD

ing to
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Table G.3 — Clearances according to IEC 61010-2-030:2017

Distribution

Reference voltage

Basic insulation

Reinforced insulation

system for clearances

(LN/LL) Uip ° Clearance ° Upeot © Clearance °
V AC \% kV mm kV mm

230/400 300 4 3 6,40 5,9

400/690 600 6 5,5 9,50 10,5

NOTE Clearances according to K.101 of IEC 61010-2-030:2017 can be reduced under some circumstances, see

IEC 61010 series.

a8 Adcording to Table K.16 of IEC 61010-1:2010

b Adcording to Table K.101 of IEC 61010-2-030:2017.

¢ Adcording Table K.16 of IEC 61010-1:2010.

Table G.4 — Creepage distances according to IEC 61010-2-030:2017

Voltage
Digtribution rationalized for Material - { . . .
. N Basic insulation Reinforced insulgtion
bystem insulation Group
line to line
LN/LL) Creepagé distance @ Creepage distange °
V AC \ mm mm
230/400 400 I 2,8 5,6
400/690 690 | 3,5 7,0

2 Adcording to Table K.13 of IEC 61010-1:2010.

b For reinforced insulation, creepage distande)are twice the creepage distance for basic insulatiof, see
IEC 61010-1:2010.

G.4

Approach for secondary circuits of TRD2

Propapation of overvoltage is linked to the "coupling power capability" between primary [circuit

and secondary circuit. This coupling capability is usually limited for TRD2.

For TRD2 having a current measurement input, the coupling power capability is deemed to be

low.

herefores;“very low values of transient overvoltages can be expected on the secgndary
circuit] In case of doubt, a verification by measurement should be performed.

For TRDZ having a voltage measurement input, the coupling power capability 1s deemed to be
limited. Values for clearances can be found in Table K.11 of IEC 61010-1:2010 and IEC 61010-
1:2010/AMD1:2016 or a verification by measurement should be performed in order to determine
the remaining value of transient overvoltages on the secondary and to calculate according K.3.2
of IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016.

Even if transient should not be considered on the secondary (low values for clearance), other
safety-related requirements should apply (e.g. creepage distances).
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La
de

favdriser la coopération internationale pour toutes les questions de normalisation dans leS/doma
I'éldctricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normeés, internat
des|Spécifications techniques, des Rapports techniques, des Spécifications accessibles au'public (PAS
Guigles (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a descamités d'étud
travpux desquels tout Comité national intéressé par le sujet traité peut participer. Les organ

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TRANSDUCTEURS ELECTRIQUES DE MESURE CONVERTISSANT

LES GRANDEURS ELECTRIQUES ALTERNATIVES OU CONTINUES

EN SIGNAUX ANALOGIQUES OU NUMERIQUES

AVANT-PROPOS
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L’IEC 60688 a été établie par le comité d'études 85 de I'lEC: Equipement de mesure des
grandeurs électriques et électromagnétiques. Il s'agit d'une Norme internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)
b)

c)

mise a jour des références normatives;

exigences supplémentaires pour les transducteurs spécifiques utilisés pour les applications
de surveillance de la BT (basse tension)

création d'un codage d'interface pour faciliter la sélection par I'utilisateur final.
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Le texte de cette Norme internationale est issu des documents suivants:

CDhV Rapport de vote

85/748/CDV 85/781/RVC

2021
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e re¢onduit,

e supprimé,

e remplacé par une édition révisée, ou

e anjendé.

Ce dofument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé se{)n les

gont décrits plus en détail sous www.iec.ch/standardsdev/publications.

e présent document, les caractéres d’'imprimerie suivants sont utilisés:

sous
s par

abilité
ument

IMP
indi

doc

compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprim

}ue qu'il contient «<des couleurs qui sont considérées comme utiles a une b

ment en utilisant’'une imprimante couleur.

QRTANT - Le logo "colour inside™ qui se trouve sur la page de couverture de ce document

onne
er ce



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

IEC 60688:2021 © IEC 2021 - 101 -

INTRODUCTION

Les nouveaux transducteurs peuvent maintenant étre équipés de microprocesseurs utilisant
des signaux numériques, des méthodes de communication, des capteurs auxiliaires. Ceci les
rend plus complexes que des transducteurs de mesure analogique conventionnels et leur donne
une valeur ajoutée considérable.

Le systéme de classification par indice de classe utilisé dans le présent document est fondé
sur la série IEC 60051. Dans ce systéme, les variations admises du signal de sortie dues aux
variations des grandeurs d'influence — température ambiante, tension, fréquence, etc. — sont

prises

Il est
Si, pa
pratiq

Cela dignifie qu’il convient que I'erreur ne dépasse pas +1 % de la valeur conventionnell

des ¢

L'erre

I'erreur intrinséque admissible et des variations admissibles ‘dues a chacune des grap

d'influpnce. Cependant, I'erreur réelle est probablement beaucoup plus faible, car il e
probable que les grandeurs d'influence prennent simultanément leurs valeurs les
défavorables, certaines des variations pouvant s’annuler)l'une I'autre. Il est donc import
prendfe ces faits en considération dans la spécification d'un transducteur pour une appl
particuliére.

D'autrg part, certains des termes utilisés dans le présent document sont différents dg
utilisép dans la série IEC 60051 en raison.des différences fondamentales qui existent enfre les
appareils indicateurs et les transducteurséde mesure.

Toute$ les déclarations relatives.aux performances sont rapportées a la grandeur de

laquel

llIa
né
llIIi
m4

en compte dans la classification.

exemple, un transducteur est de Classe 1, cela ne veut pas dire que, dans léscon
Lles d'utilisation, I'erreur sera a £+1 % du signal de sortie, ou a +1 % de la\pleine é

ir admissible d'un transducteur dans les conditions de fonetionnement est la som

|e est régie par deux élémeénts fondamentaux:
valeur nominale", qui peut étre, selon le cas, positive, négative ou bien posi
pative;

htervalle de sartie”, qui est la plage des valeurs du signal de sortie, depuis la
ximale positive jusqu'a la valeur maximale négative, le cas échéant.

nécessaire d'attirer I'attention sur les particularités de ce systéme par indice:de dlasse.

ditions
chelle.
b pour

bnditions strictement spécifiées. Lorsque les grandeurs d'influence warient enfre les
limiteq spécifiées du domaine nominal d’utilisation, il peut se produire une-variation de la
comparable a la valeur de I'indice de classe, et cela pour chaque grandeur d'influence.

valeur

me de
deurs
5t peu
plus
ant de
cation

ceux

sortie,

ive et

valeur
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TRANSDUCTEURS’ELECTRIQUES DE MESURE CONVERTISSANT
LES GRANDEURS ELECTRIQUES ALTERNATIVES OU CONTINUES
EN SIGNAUX ANALOGIQUES OU NUMERIQUES

1 Domaine d’application

Le présent document sappllque aux transducteurs a grandeurs d'entrées et de sorties

électri
de so
analog

Le prgsent document s'appliqgue aux transducteurs de mesure destinéscal’convert
grandgurs électriques, telles que:

— le pourant,

— lafension,

— la puissance active,

— la puissance réactive,

— le facteur de puissance,

— Papgle de phase,

— lafréquence,

— la puissance apparente

en signal de sortie.

— auk transformateurs de mesure conformes a la série IEC 61869,
— auk transmetteurs utilisés dans le processus industriel conformes a la série IEC 607
— auk dispositifs de 'mesure et de surveillance des performances (PMD - perfor

mé

Dans
auxilia

Le pré

dsent document ne s’applique-pas:

UtTo UCOLIIICD G IMMICouUrclI UCO HIGIIUCUIO UICULIIL'UCD GILUIIICII.IVUO Uy UUIILIIIUUO LU
tie peut étre sous la forme d’'un courant continu analogique ou d’une tension-co
ique ou d’un signal numérique.

harmoniques ou la distorsion harmoniqué;totale, et

asuring and wonitoring device) conformes a I'lEC 61557-12:2018.

‘étendug-de mesure, le signal de sortie varie en fonction du mesurande. Une alimer
ire peut.étre nécessaire.

signal
ntinue

r des

r0, et
mance

tation

sent document s'applique:

a) si la fréquence nominale de la ou des grandeurs d'entrée est comprise entre 0 Hz et
1 500 Hz;

b) aun transducteur de mesure électrique appartenant a une chaine de mesure d'une grandeur
non électrique, et si, par ailleurs, celui-ci reléve du domaine d'application du p
document, et

résent

c) aux transducteurs destinés a une utilisation générale, par exemple a la télémesure, a la
commande de processus et dans un des nombreux environnements spécifiés.

Le présent document a pour objet:

— de spécifier la terminologie et les définitions relatives aux transducteurs dont I'application

pri

ncipale reléve du domaine de I'industrie,

— d'unifier les méthodes d'essai utilisées pour évaluer les performances des transducteurs, et
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— de spécifier les limites de précision et les valeurs de sortie des transducteurs.
2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60068-2-6, Essais d'environnement - Partie 2-6: Essais - Essai Fc: Vibrations (sinusoidales)

IEC 6(*)068-2-27, Essais d'environnement - Partie 2: Essais - Essai Ea et guide: Chocs

IEC ¢0255-151, Relais de mesure et dispositifs de protection - Partie 151:* Exidences
fonctionnelles pour les protections a minimum et maximum de courant

IEC 61010 (toutes les parties), Regles de sécurité pour appareils électriques de mesurage, de
réguldtion et de laboratoire

IEC 61010-1:2010, Regles de sécurité pour appareils électrique's de mesurage, de régilation
et de jaboratoire - Partie 1: Exigences générales
IEC 61010-1:2010/AMD1:2016

IEC 6[1010-2-030:2017, Exigences de sécurité pour~appareils électriques de mesurage, de
réguldtion et de laboratoire - Partie 2-030: Exigences“particuliéres pour les appareils équipés
de cir¢uits d'essai ou de mesure

IEC 61326-1:2020, Matériel électrique de mesure, de commande et de laboratoire - Exigences
relativies a la CEM - Partie 1: Exigences générales

IEC 61557-12:2018, Sécurité électrique dans les réseaux de distribution basse tension jusqu'a
1 000|V c.a. et 1 500 V c.c. - Dispasitifs de contréle, de mesure ou de surveillance de me¢sures
de prdtection - Partie 12: Dispositifs de comptage et de surveillance du réseau électrique [PMD)

IEC 61558-1:2017, Sécurité des transformateurs, bobines d'inductance, blocs d'alimentaion et
des cogmbinaisons de c€s‘éléments - Partie 1: Exigences générales et essais

3 Termes etdéfinitions

Pour Ips besoins du présent document, les termes et définitions suivants s'appliquent.

L'|SO t :':EC ticllllcllt & jUUI UIUD bdbcb dU dUIIIIéUb tUIIII;IIUiUg;qUGD dUDt;IIC’CD c‘l étlc Ut |ISéeS
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Termes généraux

3.11

transducteur (de mesure électrique)

transducteur

TRD

dispositif destiné a convertir, a des fins de mesurage, un mesurande électrique alternatif ou
continu en courant continu ou alternatif, en tension continue ou alternative ou en signal
numérique
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transducteur (de mesure électrique) de type 1
transducteur de type 1

TRD1
transd

Note 1 a I'article:

ucteur conventionnel

des dispositifs a fonction unique

3.1.3

transducteur (de mesure électrique) de type 2
transducteur de type 2

Les transducteurs de type 1 utilisent des sorties d'interface conventionnelles et sont généralement

TRD2
trans
(BT)

Note 1
précis d

3.1.4

ucteur a fonction unique utilisé dans les applications de surveillance en basse-is

b |'article: Les transducteurs de type 2 utilisent des sorties d'interface spécifiques et sont généralem
ue ceux de type 1

dispositif a fonction unique

dispog
de pu
efficad

3.1.5

itif effectuant le mesurage d'une seule grandeur électrique (parexemple, courant, f
ssance, distorsion harmonique totale ...) sous une seule-forme (par exemple,
e, créte ou moyenne ...) mais pas deux

transgucteur de mesure analogique

dispog

itif destiné a convertir, a des fins de mesurage, un mesurande électrique altern

continu en courant continu ou alternatif, ou en tension continue ou alternative

3.1.6

transgucteur de mesure numérique

dispos

itif destiné a convertir, a des fin§*"de mesurage, un mesurande électrique altern

continu en signal numérique

3.1.7

alime
alimer
le fon

3.1.8

ntation auxiliaire
tation en courant alternatif ou continu, autre que le mesurande, nécessaire pour a
tionnement correct{du transducteur

circuift auxiliaire

circuit]

Note 1

généralement alimenté par I'alimentation auxiliaire

pnsion

ent plus

acteur
valeur

atif ou

atif ou

ssurer

h'article: Le circuit auxiliaire est parfois alimenté a partir d'une des grandeurs d'entrées.

3.1.9

transducteur a zéro supprimé
transducteur dont le signal de sortie est égal a zéro, pour un mesurande supérieur a zéro

3.1.10

charge de sortie
<pour les signhaux analogiques> résistance totale des circuits et des appareils connectés
extérieurement aux bornes de sortie du transducteur

3.1.11

ondulation
<d'un signal de sortie analogique> dans des conditions d'entrée en régime permanent, quotient,
exprimé en pourcentage, de la valeur créte a créte de la composante alternative du signal de

sortie

analogique, par la valeur conventionnelle
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3.1.12

signal de sortie

représ

3.1.13

entation analogique ou numérique du mesurande

puissance de sortie
puissance disponible aux bornes de sortie du transducteur

3.1.14
coura

nt de sortie

<pour les signaux analogiques> courant produit par le transducteur ayant une représentation

analog

3.1.15
tensid
<pour
analog

3.1.16

élément de mesure
transducteur> composant ou sous-ensemble d'un ftransducteur convertissant le

<d'un
mesur

3.1.17

H } ol
Jquo uu micourdriiuc

n de sortie
les signaux analogiques> tension produite par le transducteur ayant uneirepréser
ique du mesurande

ande, ou une partie du mesurande, en un signal correspotbdant

trans(jlucteur a éléments de mesure multiples

trans

Note 1
corresp

3.1.18

temps de réponse
qui s'écoule entre l'instant 'd'application d'un changement spécifié du mesuranpde et

temps
I'insta

I'intéripur d'un intervalle spécifié.centré sur cette valeur

3.1.19
tensid
tensio
<pour
valeur
du prég

3.1.20

ucteur ayant au moins deux éléments de mesure

a l'article: Les signaux des éléments individuels, sont combinés pour donner un signal de so
ond au mesurande

nt a partir duquel le signal 'de sortie atteint et reste a sa valeur finale permanent

n disponible

h de sortie maximale permettant de garantir la précision

les transducteurs a charge de sortie variable dont la grandeur de sortie est un co
de la tension aux bornes de sortie jusqu'a laquelle le transducteur satisfait aux exig
sent decument

tation

rtie qui

B OU a

rant>
ences

stabil

oz
115

aptitude d'un transducteur a maintenir ses performances sans modification pendant une durée
déterminée, lorsque les grandeurs d'influence restent a l'intérieur de leurs plages spécifiées

3.1.21

groupe d’utilisation

groupe de transducteurs capable de fonctionner dans des conditions d'environnement
spécifiées

3.1.22

sortie a densité d'impulsion

représentation numérique du mesurande, dans laquelle la densité relative des impulsions de

sortie

correspond a I'amplitude du signal analogique
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3.2 Termes désignant les transducteurs selon le mesurande

3.21
transducteur de tension
transducteur destiné au mesurage d'une tension alternative ou continue

3.2.2
transducteur de courant
transducteur destiné au mesurage d'un courant alternatif ou continu

3.2.3

transj-ue&e&*de—pu-issaﬁee-a-ppa-reﬂ-(e

transducteur destiné au mesurage d’'une puissance électrique apparente
3.2.4

transducteur de puissance active
transducteur destiné au mesurage d'une puissance électrique active

3.2.5
transducteur de puissance réactive
transducteur destiné au mesurage d'une puissance électrique réactive

3.2.6
transgucteur de fréquence
transducteur destiné au mesurage de la fréquence d'une)grandeur électrique alternative

3.2.7
trans({ucteur d'angle de phase

trans

alternatives de méme fréquence

3.2.8
transducteur de facteur de puissance
transducteur destiné au mesuradge du facteur de puissance d'un circuit a courant alterna

3.2.9
transducteur d’harmoniques

transducteur destiné@u-mesurage des harmoniques ou a la distorsion harmonique total
circuit|alternatif

3.21
TRD2;PFA

transduecteur de facteur de puissance (méthode arithmétique) pour les applicatio
surveilance de la BT

ucteur destiné au mesurage du déphasage existant entre deux grandeurs élecfriques

Lif

e d’un

ns de

3.2.11
TRD2-PFV

transducteur de facteur de puissance (méthode vectorielle) pour les applications de

surveillance de la BT

3.2.12
TRD2-THDU

transducteur de tension THD (distorsion harmonique totale) pour les applications de

surveillance de la BT

3.213
TRD2-THDI
transducteur de courant THD pour les applications de surveillance de la BT
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3.2.14

TRD2-UAC

transducteur de tension pour les applications de surveillance de la BT qui est utilisé pour le
mesurage de la tension alternative

3.2.15

TRD2-UDC

transducteur de tension pour les applications de surveillance de la BT qui est utilisé pour le
mesurage de la tension continue

3.2.16
TRDZ{AC

transducteur de courant pour les applications de surveillance de la BT, utilisé pour le megurage

du codrrant alternatif

3.2.17
TRD2{IDC
transducteur de courant pour les applications de surveillance de la BToqui est utilisé gour le
mesurage du courant continu

3.3 |[Termes désignant des transducteurs selon leur charge de sortie

3.3.1
transducteur a charge de sortie fixe
transducteur qui ne satisfait aux exigences du présent’document que lorsque sa charge de
sortie [a sa valeur nominale, dans les tolérances spécifiees

3.3.2
transducteur a charge de sortie variable
transducteur qui satisfait aux exigences du\présent document pour toute valeur de la gharge
de softie comprise dans une certaine plage

3.4 |Valeurs nominales

3.41
valeur nominale
valeur|, ou une des valeursjy.indiquant I'utilisation prévue d'un transducteur

Note 1 g I'article: Les_valeurs nominales inférieures et supérieures du mesurande sont celles qui correspondent
aux valgurs nominales.inférieures et supérieures du signal de sortie.

3.4.2
intervalle
intervialle'de sortie
différgnce’algébrique entre la valeur nominale supérieure et la valeur nominale inférietire du
signal de sortie

3.4.3
valeur conventionnelle
valeur a laquelle il est fait référence pour spécifier la précision d'un transducteur

Note 1 a l'article: La valeur conventionnelle est I'intervalle de sortie, sauf pour les transducteurs ayant un signal de
sortie réversible et symétrique: dans ce cas la valeur conventionnelle peut étre la moitié de I'intervalle de sortie,
suivant la spécification du fabricant

344

facteur de puissance nominal

facteur par lequel il faut multiplier le produit de la tension nominale par le courant nominal pour
obtenir la puissance nominale
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Note 1 a l'article: Quand le courant et la tension sont des grandeurs sinusoidales, le facteur de puissance nominal
est cos ¢ ou ¢ est le déphasage entre le courant et la tension. Pour les transducteurs de puissance réactive, le
facteur de puissance nominal est sin ¢

3.4.5

valeur limite du signal de sortie

<courant ou tension> valeur supérieure du signal de sortie qui, par conception, ne peut pas
étre dépassée, quelles que soient les conditions d'utilisation

3.4.6

étendue de mesure
plage définie par deux valeurs du mesurande a l'intérieur de laquelle les performances satisfont
aux eXIgeTceES du present docurernt

Note 1 k l'article: Voir 3.4.3 de I'|EC 60051-1:2016.

3.4.7
valeur nominale de la tension mesurée
valeurf nominale de la tension du circuit extérieur (par exemple, I'enroulefment secondaine d'un
transformateur de tension) auquel le circuit d'entrée de tension dui-fransducteur dojt étre
connefté

3.4.8
valeur nominale du courant mesuré
valeurl nominale du courant du circuit extérieur (par exemple I'enroulement secondairg d'un
transformateur de courant) auquel le circuit d'entréesde courant du transducteur dojt étre
connefté

W

3.5 [Termes désignant les transducteurs offrant la possibilité de réglage par les
utilisateurs

3.5.1
valeur d'étalonnage
valeurl d'une grandeur a laquelle estyamenée la valeur nominale par réglage accesgible a
['utilisateur pour une application particuliére

3.5.2
plage|d'ajustage
plage jpossible de valeurs d'ajustage du courant ou de la tension mesurée

3.6 [Grandeurs:d'influence et conditions de référence

3.6.1
grandeur d'influence
grandeuf(altre que le mesurande) qui peut affecter la performance d'un transducteur

3.6.2

conditions de référence

conditions spécifiées pour lesquelles le transducteur satisfait aux exigences relatives aux
erreurs intrinséques

Note 1 a I'article: Ces conditions peuvent étre définies par une valeur ou une plage de référence.

3.6.2.1

valeur de référence

valeur spécifiée unique d'une grandeur d'influence pour laquelle le transducteur satisfait aux
exigences relatives aux erreurs intrinséques
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3.6.2.2

plage de référence

plage spécifiée des valeurs d'une grandeur d'influence pour laquelle le transducteur satisfait
aux exigences relatives aux erreurs intrinséques

3.6.3

domaine nominal d'utilisation

plage spécifiée des valeurs qu'il est prévu qu’une grandeur d'influence puisse prendre sans que
le signal de sortie du transducteur sorte des limites spécifiées

3.7 Erreurs et variations

3.71
erreu
valeur| réelle du signal de sortie moins la valeur attendue de ce signal de sortie,“en pfenant
leurs ¢xpressions algébriques

3.7.2
erreur intrinséque
erreur|déterminée lorsque le transducteur est dans les conditions de.référence

3.7.3
variatjon due a une grandeur d'influence
différgnce entre les deux valeurs du signal de sortie, pour-une méme valeur du mesufande,
lorsqufune grandeur d'influence prend successivementdeux valeurs spécifiées différentes

3.7.4
variatjon due a une grandeur d'influence
<exprimée en pourcentage de la valeur conyvéntionnelle> cent fois le quotient de la variation
due alune grandeur d'influence par la valeur, conventionnelle

3.8 |Précision, classe de précision et indice de classe

3.8.1
précigion
précisjon d’un transducteur. définie par les limites de l'erreur intrinséque et les limitds des
variatipns

3.8.2
class¢ de précision
ensenpble des~ransducteurs dont la précision est caractérisée par le méme nombre i ces
transducteurs.satisfont a toutes les exigences du présent document

3.8.3
indice de classe
nombre qui désigne la classe de précision

Note 1 a l'article: L'indice de classe est utilisé pour I'erreur intrinséque aussi bien que pour les variations.

Note 2 a I'article: Dans tout le présent document, I'expression "x % de l'indice de classe" signifie: "x % des limites
de l'erreur correspondant a l'indice de classe".

4 Généralités
4.1 Architecture générale d’un transducteur

Organisation de la chaine de mesure: la grandeur électrique a mesurer peut étre directement
accessible, ce qui est généralement le cas dans les réseaux basse tension, ou accessible par
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I'intermédiaire d’'un capteur de mesure comme un capteur de tension (VS — voltage sensor) ou
un capteur de courant (CS — current sensor).

La Figure 1 représente 'architecture standard d’un transducteur (TRD).

!

Transducteurs o
_ Protocole de communication
i Gestion de la i
' communication |
Sighal ! Capteurs | Unité Unité de Unité
électfiqgue ——! — >
d'en r0(|ée i demesure ! d'acquisition ™™ traitement | d'évaluation

E Gestions | (O Gestion des E/S !
dessorties _{~V numériques E
' analogiques ~\Y " oo . '
| i — i ———————— 4 I

Sortie analegique E/S numériques

IEC
Figure 1 — Architecture d’un transducteur (TRD)

4.2 |Classification des transducteurs (TRD)

Les transducteurs sont classés selon les appli¢ations, comme cela est défini dans le Tablgau 1.

Tableau 1 — Classification fonctionnelle des transducteurs
ayant des fonctions exigées minimales

Type de transducteur
Exigences
TRD1 (transducteur de type 1) TRD2 (transducteur de type 2)
Voir I'Article 5 |
Voir I’Annexe A, |

NOTE]| Voir égalementl’Annexe B pour de plus amples informations sur les différences entre le TRD1 et le [TRD2.

5 Exigences pour le TRD1

5.1 Exigences de sécurité: distances d’isolement et lignes de fuite

Les transducteurs doivent étre conformes aux exigences de sécurité de la série IEC 61010 ainsi
gu’aux exigences suivantes.

Les distances d’isolement et les lignes de fuite doivent étre choisies au moins conformément
aux éléments suivants:

— degré de pollution 2,
— catégorie de mesure lll pour les circuits d’entrée de mesure, et

— catégorie de surtension Ill pour les circuits d’alimentation sur le réseau.

NOTE 1 La catégorie de mesure est définie dans I'lEC 61010-2-030.
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5.2
5.2.1

Pour |

Exigences relatives a la CEM
Immunité

‘essai de perturbation a haute fréquence, voir la série IEC 61326.

Si, par accord, d'autres essais sont exigés, alors le TRD1 avec des composants électroniques

actifs
NOTE
5.2.2

Si, pa
actifs

de I'IHC 61326-1:2020.

NOTE
5.3
5.3.1

L'indige de classe pour un transducteur doit étre choisi parmi“les valeurs données d
Tableau 2.

Cette

transducteurs.

5.3.2

Si deg transducteurs sont utilisés avec des capteurs, le fabricant doit spécifier la clag

précis

Dans
ne sor

peut étre conforme a I'Article 6 de 'l|EC 61326-1:2020.

Ces exigences sont cohérentes avec celles de 6.21 et de 6.23.

Emission

 accord, d'autres essais sont exigés, alors le TRD1 avec des composants électro
peut respecter les limites de la classe A ou de la classe B telles que définies a-I'Ar

Cette exigence est cohérente avec celle de 6.23.
Exigences relatives a I'indice de classe

Indice de classe

définition de l'indice de classe s'applique seulement aux sorties analogique]

Tableau 2 — Relation entre les limites de I'erreur intrinséque, exprimée
en pourcentage de la valeur conventionnelle, et I'indice de classe

Indice de classe 0,2 0;8 1 2 2,5 3 5 10 20

Limites de I’erreur +0,2% | 206 % [ £1 % |22 % [+£2,5 % | £3 % [ +5 % | £10 % | £20 %

Les indices de classes de 0,3.et1,5, bien que non préférentiels, peuvent étre utilisés.

Indice de classe pour un transducteur utilisé avec des capteurs

on de 'ensemble transducteur et capteurs.

niques
ticle 7

ans le

s des

se de

Certains cas, quand un transducteur n’inclut pas de capteurs, les incertitudes assgpciées

t\pas prises en considération. Quand un transducteur inclut des capteurs, les incert]

assoc

5.3.3

EES SOt PriSES T COnSiaeration.

Erreur intrinséque

itudes

Le transducteur étant placé dans les conditions de référence, I'erreur en un point quelconque
entre les valeurs inférieures et supérieures nominales du signal de sortie ne doit pas dépasser
les limites de l'erreur intrinséque, exprimées en pourcentage de la valeur conventionnelle,

indiqu

ées dans le Tableau 2.

Les corrections éventuellement indiquées dans un tableau accompagnant le transducteur ne
doivent pas étre prises en compte pour la détermination des erreurs.
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5.4 Conditions a respecter pour la détermination de I'erreur intrinséque

Avant le préconditionnement et avant la détermination de I'erreur intrinséque, le transducteur
doit étre réglé conformément aux instructions du fabricant. Le transducteur doit étre a la

température de référence.

Le transducteur doit étre alimenté dans les conditions indiquées dans le Tableau 3.

Tableau 3 — Préconditionnement

Conditions

Valeurs

Tension (y compris toute alimentation auxiliaire)

Valeur nominale

Courant

Valeur nominale

Fréquence

Valeur de référence

Facteur de puissance

Valeur de référence

Durée entre la mise en circuit et le début de la
détermination des erreurs

30 min

Aprés| le préconditionnement spécifié, les transducteurs équipés de dispositifs de reglage
accessibles a l'utilisateur doivent étre réglés conformément auxles instructions du fabri¢ant.

Les conditions de référence relatives a chaque grandeur d'influence sont indiquées dpns le
TabIeIu 4. Les conditions de référence relatives @u¥mesurande sont indiquées dans le

Tablegu 5.

Tableau 4 — Conditions de référence relatives aux grandeurs d'influence
et tolérances admises pour les essais

Grandeur d'influence

Conditions de référence
én lI'absence d'indication

Tolérances admises pour les gssais
dans le cas ou une valeur ¢e

référence est spécifiée 2

Tempdrature ambiante A indiquer dans le rapport +1°C
d’essai de type

Groupg d'utilisation (voir 6.1.2)

| K55 -

1l K70 -

1 Kx b -
Fréqugnce de.la,grandeur d'entrée

No¢n sensible a la fréquence Valeur nominale +2 %

S dpsible—alafréaenece
o ¢

A indiauar danc lo ronnart
Al Pr

d’essai de type

Forme d'onde de la grandeur d'entrée

Sinusoidale, sauf pour les
transducteurs d'harmoniques

Le facteur de distorsion x 100 ne doit
pas excéder l'indice de classe sauf
indication contraire du fabricant

Charge de sortie

Transducteurs a charge de sortie Valeur nominale +1 %
fixe

Transducteurs a charge de sortie Valeur moyenne du domaine +1 %
variable nominal

Alimentation auxiliaire

Tension alternative Valeur nominale +2 %
Tension continue Valeur nominale +1 %
Fréquence Valeur nominale +1 %
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Conditions de référence
en |I'absence d'indication

Grandeur d'influence Tolérances admises pour les e

référence est spécifiée ?

ssais

dans le cas ou une valeur de

Facteur de distorsion 0,05 maximum -

Champ magnétique d'origine extérieure

Nul

40 A/m a une fréquence quelconque du
courant continu a 65 Hz et dans une
direction quelconque °

2 Lorsqu'une plage de référence est indiquée, aucune tolérance n'est admise.

b Kx représente les conditions étendues.

¢ 40 A/m est a peu pres la valeur la plus élevée du champ magnétique terrestre.

Tableau 5 — Conditions de référence relatives au mesurande

Mesurande

Conditions de référence

Tension

Courant

Facteur de puissg
active ou réacti

nce,
ve

Puissa

hce apparente

Tension nominale 2 %

Courant quelconque entre
zéro et le courant nominat

{Cos ¢| ou |sin ¢| = 1
0,8
inductif ou capacitif

,0a

Puissapce active Tension nominale +2 % Courant quelconquesentre ||Cos ¢| = 1,04 0,8
zéro et le courant nominal |inductif ou capacitif
Puissapce réactive Tension nominale +2 % Courant quelconque entre |||sin ¢| =1,04 0,8

zéro etlde.courant nominal

inductif ou capacitif

Angle fle phase ou facteur |Tension nominale +2 % 40 %.a 100 % du courant |-

de puigsance neminal

Fréqugnce Tension nominale 2 % -~ -

Grandgurs polyphasées Tensions symétriques.® Courants symétriques ° -

a8 Leg transducteurs de puissance active, réactive et apparente sont normalement utilisés ensemble ¢t sont
corjnectés aux mémes transformateurs de“courant et de tension. Il faut noter que sin ¢ = 1,0 a 0,8 est utflisé ici
seylement pour la simplification des essais.

b La|différence entre n'importe laquelle des deux tensions simples et deux tensions composées ne dpit pas
exdéder 1 % de leur moyenne (tensions simple et composée, respectivement). Aucun des courants dgns les
corjducteurs de phases ne doit différer de plus de 1 % de la moyenne des courants.

Les d¢phasages présentés/par chacun des courants avec la tension simple (étoilée) correspondante ne ¢loivent

pas différer entre eux degplus’de 2°.

Lorsqule les interactions entre les différents éléments de mesure d'un transducteur & éléments de mesure multiples

sont bien caractérisées, |'essai du transducteur avec une source monophasée est acceptable.

5.5

Alimentation auxiliaire

5.5.1

Généralités

Quelques-uns des transducteurs traités dans le présent document peuvent nécessiter une
alimentation auxiliaire. Celle-ci est spécifiée en deux grandes familles, alimentations en courant

continu et alimentations en courant alternatif.

5.5.2

Alimentation en courant continu

a) Lavaleur de la tension de I'alimentation en courant continu doit étre une de celles spécifiées

en

5.6.3.

b) L'alimentation par batterie peut étre référencée par rapport a la masse ou rester flottante.
Des moyens appropriés doivent étre prévus dans le transducteur pour assurer une
séparation galvanique entre l'alimentation et les circuits d'entrée/sortie du transducteur
(pour les détails des essais de tension, voir 6.19).
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¢) Le transducteur doit supporter une ondulation de tension, jusqu'a un maximum de 10 %
créte a créte ajouté a I'alimentation en courant continu.

d) Le bruit réinjecté dans la batterie par le transducteur doit étre limité a 100 mV créte a créte,
lorsqu'il est mesuré avec une résistance de source spécifiée, a toutes les fréquences jusqu'a

10

0 MHz.

De plus, lorsque la batterie alimentant le transducteur est également utilisée pour le téléphone,

le brui

t ne doit pas excéder 2 mV psophométriques.

NOTE Les caractéristiques de pondération psophométrique sont données dans la Recommandation O.41 de I'UIT-

T.

5.5.3

tensio
coura

5.6
5.6.1

Les valeurs nominales de la tension, du courant, de la fréquen¢é.et de I'alimentation au
doivent étre spécifiées par le fabricant.

5.6.2

Plage

l'utilisateur:

a) po
b) po

Cela signifie que la valeur nominalé_du signal de sortie peut étre obtenue pour une

d'ajus
5.6.3

La val
24 V,

5.7
5.7.1

Les valeurs nominales inférieures et supérieures du signal de sortie et de 1a tension disj

Pour IE valeur nominale de la tension de ['alimentation en courant alternatif, voir-5.6.

Alimentation en courant alternatif

peut étre fournie par une alimentation séparée ou peut étre dérivée de la‘tension
t mesuré.

Valeurs d'entrée

Généralités

Plages d'ajustage
d'ajustage pour les transducteurs équipés:d'un dispositif de réglage access

Ur la tension d'entrée: 80 % a 120 % de-ta valeur nominale;
ur le courant d'entrée: 60 % a 130.% de la valeur nominale.

age quelconque du mesurande dans les plages indiquées ci-dessus.

Valeurs nominales préférentielles

leur nominale préférentielle des alimentations auxiliaires en courant continu doit §
18 V ou 110 V.

Valeurs-dés signaux de sortie analogiques

Généralités

Cette
ou du

iliaire

ible a

valeur

tre de

onible

doivent étre choisies parmi celles mentionnées en 5.7.2 et 5.7.3 ou 5.7.6.

5.7.2

Le sig

NOTE

Courant de sortie

nal 4 mA a 20 mA est la valeur préférentielle.

La condition "0 mA" a une signification spéciale (IEC 60381-1).

Les autres valeurs admissibles sont:

e 0 mA a20 mA,
e 0OmA a1 mA,
e O0mA a10 mA,

o -1

mA a 1 mA,
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e -5
o -1
o 2
5.7.3

e 10
e 15
5.7.4

mA a 5 mA,
0 mA a 10 mA, et
0 mA a 20 mA

Tension disponible
\%
\Y

Tension de sortie maximale

Le fabri . I — . I - — |

et I'enftrée prennent des valeurs quelconques. Cette tension ne doit pas dépasser la-lin
la trég basse tension de sécurité.

5.7.5

Risque d’interférence sur courant de sortie

L'attention est attirée sur les problémes d'interférence qui peuvent se poesér si le cour

sortie

5.7.6

NOTE
5.8

Pour |

est faible.

Tension de sortie
atlv
alov
Va1tV
DpVai10Vv
Les transducteurs ayant une sortie en tension ne sont pas préférentiels.

Fonction de transfert de sortie

les transducteurs de mesure analogique, la fonction de transfert utilisée doit étrg

des cqurbes suivantes.

Pour |

bs transducteurs de meSure analogique, les variables x, y peuvent étre réglables.

La courbe A est décrite-azla Figure 2.

A

Sortie

Y (+ 100 %) |-=======mmmmmmmeaenee

sortie
ite de

ant de

'une

>

X (+ 100 %)
Entrée
IEC

Figure 2 — Courbe de la fonction de transfert A
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La courbe B est décrite a la Figure 3.

A

Sortie

Y (+ 100 %)

+y%/

>

0 X (+ 100 %)
Entrée
IEC

Figure 3 — Courbe de la fonction de transfert'B

La coyrbe C est décrite a la Figure 4.

Sortie

Y (+ 100 %) |- === =2z mm e

+y% -------------

- X (=100 %) X%

-

0 x % X (+ 100 %)
Entrée

[
[
1
1
[
[
1
1
:
(]
: ............. _y%
[
1
1
[
[
1
1
[
1
1

[ ~Y (- 100 %)

IEC

Figure 4 — Courbe de la fonction de transfert C
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La courbe D est décrite a la Figure 5.

Sortie

Y (+ 100 %) |=======mmmmmmmmmmae

+y%

>

—X (— 100 %) 0 X (+ 100 %)
Entrée
IEC

Figure 5 — Courbe de la fonction de transfert\D

La codrbe E est décrite a la Figure 6.

A

Sortie

Y (+100 %) [====mmmmmm i S

g

0 X (+ 100 %)
Entrée

—Y (- 100 %)T

IEC
Figure 6 — Courbe de la fonction de transfert E
Courbe F (tous les autres types de courbes):

La classe de précision doit étre vérifiée en chaque point de la fonction de transfert selon la
formule:

Y—-R

x100
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ou

R est la valeur du signal de sortie dans les conditions de référence;

Y estla valeur du signal de sortie mesurée a une limite de la grandeur d'influence;
NOTE Pour les courbes F, remplacer F par R dans les paragraphes 6.1 a 6.23.

5.9 Signaux de sortie numériques

Les signaux de sortie numériques choisis doivent correspondre aux exigences pour les
transducteurs concernant la précision et le temps de réponse ainsi qu'aux exigences du
systéme de communication.

Pour 1ne sortie numérique, l'indice de classe doit étre conforme aux classes de perforrlnance
décrit¢s dans I'lEC 61557-12:2018.

Si ded relais de sortie sont fournis, ils doivent étre conformes a I'l|EC 60255-151.

5.10 |Ondulation (pour les sorties analogiques)

L'ondylation maximale de la grandeur du signal de sortie ne doit pas-excéder deux fois llindice
de clapse.

5.11 |Temps de réponse

5.11.1 Avant la détermination du temps de réponse; le transducteur doit étre daps les
conditjons de référence et le circuit auxiliaire doit &tre*alimenté au moins pendant la dufée de
précomnditionnement, a moins qu'il ne soit alimenté)par une des grandeurs d'entrée et qu'il ne
soit pas indépendant.

5.11.2 Le temps de réponse doit étre indiqué par le fabricant et doit étre déterminé polr une
entréq en échelon qui fait varier le signahde sortie de 0 % a 90 % de la valeur conventionnelle.

5.11.3 Siun essai dans lequel est.fait décroitre la grandeur d'entrée est exigé, il convient que
I'échelon de la grandeur d'entréefasse varier le signal de sortie de 100 % a 10 % de la valeur
conveptionnelle.

5.11.4 VL’intervalle (voin3.1.24) doit correspondre a £1 % de la valeur nominale supériefre du
signallde sortie.

5.11.59 Les meéthodes d'essai pour les transducteurs de fréquence et les transducteurs p zéro
supprimé doivent étre définies par le fabricant.

5.12 |Variation due a un surplus du mesurande

Si, par accord, un transducteur doit fonctionner avec une entrée qui va jusqu'a 150 % de la
valeur nominale, la différence entre I'erreur intrinséque a 100 % et I'erreur a 150 % de la valeur
nominale de I'entrée (dans les conditions de référence) ne doit pas excéder 50 % de I'indice de
classe.

Pour les transducteurs de puissance active et réactive, 150 % de la valeur nominale sont
obtenus en augmentant le courant pendant que la tension est maintenue a sa valeur nominale.

5.13 Valeur limite du signal de sortie

La valeur du signal de sortie doit étre limitée a un maximum de deux fois la valeur nominale
supérieure.
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Lorsque le mesurande n'est pas compris entre ses valeurs nominales inférieures et supérieures,
le transducteur ne doit, en aucun cas, par exemple pour un courant excessif ou une tension
trop faible, produire une sortie ayant une valeur comprise entre ses valeurs nominales
inférieures et supérieures.

5.14

Conditions limites de fonctionnement

Les limites du domaine nominal d'utilisation données a I'Article 6 sont celles dans lesquelles le
transducteur satisfait aux exigences du présent document. Il est possible de faire fonctionner
les transducteurs au-dela de ces limites mais il convient que I'utilisateur sache que:

— la précision ne peut étre maintenue et/ou

— la furée de vie opérationnelle peut étre réduite.

Par exemple, un grand nombre de transducteurs fonctionnent a une température ambiante trés
basse|comme —25 °C et trés élevée comme +70 °C mais il convient de consulten le fabricant au
sujet de la dégradation prévue de la précision et de la durée de vie opérationnelle.

5.15 |Limites de I’étendue de mesure

Lorsqlie les limites de I'étendue de mesure ne coincident pas-avec les valeurs nonlinales
inférigures et supérieures de la sortie, les limites de I’étendue deg mesure doivent étre indijquées
— (voin 7.1 i).

5.16 |Conditions limites de stockage et de transport

Sauf indication contraire du fabricant, les transducteurs doivent étre capables de subir, sans
dommpage, une exposition a des températures comprises entre —40 °C et +70 °C.

Aprés| retour aux conditions de référence, ils doivent satisfaire aux exigences du présent
document.

Le fabricant doit spécifier toute alire condition limite exigée pour assurer l'intégrjté du
transducteur.

5.17 |Plombage

Lorsqulie le transducteuryest scellé pour empécher des réglages non autorisés, l'accés aux
circuitp internes et alix)composants situés dans le boitier ne doit pas étre possible sans jque le
scellé|soit détruit.

5.18 [Stabilite

Les trnsducteurs dorvent respecter les limites approprlees d' ‘erreur mtrmseque speC|f|ees pour

dition

que les condltlons d utlllsatlon de transport et de stockage specrflees par Ie fabrlcant soient

rempli

NOTE

es.

En regle générale, la période est inférieure a une année.

6 Essais pour le TRD1

6.1

6.1.1

Généralités

Détermination des variations

Les variations doivent étre déterminées pour chacune des grandeurs d'influence. Pendant les
essais, toutes les autres grandeurs d'influence doivent étre maintenues dans leurs conditions
de référence.
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Toutes les grandeurs d'influence sont données de 6.1 a 6.23, ainsi que les procédures d'essai
et les calculs appropriés et les variations admissibles pour chaque groupe d'utilisation
exprimées en pourcentage de l'indice de classe. Aucune des variations déterminées ne doit
excéder les valeurs admissibles.

Les variations doivent étre déterminées a la valeur nominale supérieure de la sortie et a, au
moins, un autre point. Pour les transducteurs de puissance apparente, active et réactive, ces
valeurs doivent étre obtenues en maintenant la tension et le facteur de puissance dans leurs
conditions de référence et en faisant varier l'intensité du courant.

Lorsqu'une plage de référence est spécifiée, la grandeur d'influence doit varier entre chacune
des limitesdeta piagc deréférenceetumevateur quciuuuquc deta paltic dudomatmeominal
qui esf adjacente a la limite du domaine de référence choisi.

6.1.2 Conditions d’environnement

Les conditions de température et d'humidité sont classées d’aprés la séyérité dictée [par le
groupg d'utilisation conformément au Tableau 6.

Tableau 6 — Groupes d'utilisation

Classe de Classeé de Classe de
température K55 des température K70 température Kx P des
transducteurs des transducteurs transducteurs
Groupe d'utilisation | ! 11
. L, -5°Ca+55°C -25°C a +70 °C Supérieure a +70[°C
Plage|de fonctionnement assignée c e N
. .  agis et/ou inférieure a |
(avecl|incertitude spécifiée) o a
25 °C
L . -5°C a +55 °¢ -25°Ca+70 °C Supérieure a +70|°C
Plage|limite de fonctionnement s N
e - et/ou inférieure a |
(pas de défaillance matérielle) o a
25 °C
Plage|limite pour le stockage et le | -25 2C & +70 °C -40 °C a +85 °C Selon la spécification
transport du fabricant @

a8 Lep limites doivent étre définies par.te fabricant, selon I'application.

b Kxreprésente les conditions étendues.

Pour |es besoins du.présent document, la température ambiante doit étre la tempdrature
mesurnée en un seuhpoint représentatif, le transducteur fonctionnant normalement. Ce pgint de
mesure doit étredtout proche du transducteur, ventilé librement et ne doit pas étre affegté par
la chaleur dégagée par le transducteur ou exposé directement aux rayons solaires ou putres
sourcgs de chaleur.

L'humidité n'est pas considéeree comme une grandeur diniluence sI _les conditions
d'environnement sont dans les limites spécifiées.

6.1.3 Calculs

Dans les paragraphes 6.2 a 6.22, un calcul est exigé en rapport avec une formule. Les termes
des formules suivent un principe général:

— R estla valeur du signal de sortie dans les conditions de référence;
— X (ou Y) est la valeur du signal de sortie mesuré a une limite de la grandeur d'influence;
— F estla valeur conventionnelle.

NOTE Pour les courbes de type F (voir 5.8), remplacer dans toutes les formules suivantes F par R.
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6.2
6.2.1
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Variations dues a la tension de I'alimentation auxiliaire

Application

Tous les transducteurs qui sont alimentés par une alimentation auxiliaire en courant continu ou
alternatif, sauf lorsque cette alimentation est prélevée sur le circuit de tension ou le courant
d'entrée et que les connexions ne peuvent pas étre séparées pour les essais.

6.2.2

Procédure

Appliquer la valeur nominale de la tension de I'alimentation auxiliaire et enregistrer la valeur de

signal

Pour U

la limi

6.2.3

Les v4

et:

6.2.4

Pour |

Tabldau 7 — Variations admissibles dues a I’alimentation auxiliaire en courant alte

Pour |

Tabl

de sortie (R).

ne valeur constante du mesurande, réduire la tension de I'alimentation auxiliaire |

Calcul

eau

riations sont:

X=R 100

Y-R

x100

Variations admissibles

bs alimentations auxiliaires en courant alternatif, le Tableau 7 s’applique.

Groupe d'utilisation

Domaine nominal
d’utilisation

(%)

Variation

% d’indice de classe

90 a 110
80 a 120
80 a 120

50
50
50

— variations aamissi

es dues a I'alimentation auxiliaire en courant cor

bs alimentations auxiliaires en courant continu, le Tbaleau 8 s’applique.

isqu'a

e inférieure donnée en 6.2.4 et enregistrer la valeur du signal de sortie (X)<{Augmenter
la tengion de I'alimentation auxiliaire jusqu'a la limite supérieure donnée en 6.2:4 et enre
la valgur du signal de sortie (7).

jistrer

rnatif

Groupe d'utilisation

Domaine nominal
d’utilisation

Variation

(%) % d’indice de classe
| 85a 125 50
I 85a 125 50
11 85 a 125 50

1tinu
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6.3 Variations dues a la fréquence de I'alimentation auxiliaire
6.3.1 Application

Tous les transducteurs qui sont alimentés par une alimentation auxiliaire alternative, sauf
lorsque cette alimentation est prélevée sur le circuit de la tension ou du courant d'entrée et que
les connexions ne peuvent pas étre séparées pour les essais.

6.3.2 Procédure

Appliquer la valeur nominale de la fréquence de l'alimentation auxiliaire et enregistrer la valeur
du signal de sortie (R). Pour une valeur constante du mesurande, réduire la fréquence de
I'alimgntation auxiliaire jusqu'a la limite inférieure donnée en 6.3.4 et enregistrer la valeur du
signallde sortie (X).

Augmenter la fréquence de I'alimentation auxiliaire jusqu’a la limite supérieure donnée en 6.3.4
et enrggistrer la valeur du signal de sortie(Y).

6.3.3 Calcul

X-R
Les v4griations sont: x100
et: V=R 100

6.3.4 Variations admissibles

Le Tableau 9 s’applique.

Tableau 9 — Variations dues\a la fréquence de I'alimentation auxiliaire

Groupe d'utilisation Domaine nominal Variation
d’utilisation
(%) % d’indice de classe
| 90 a 110 50
H 90 a 110 50
1 90 a 110 50

6.4 |Variations dues a la température ambiante

6.4.1 L_Application

Tous les transducteurs.

6.4.2 Procédure

Pour une valeur constante du mesurande et a la température de référence, enregistrer la valeur
du signal de sortie (R).

Augmenter la température ambiante jusqu'a la limite supérieure donnée en 6.4.4 et maintenir
pendant un temps suffisant pour obtenir les conditions de stabilisation (30 min est un temps
habituel satisfaisant). Enregistrer la valeur du signal de sortie (X).
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Abaisser la température ambiante jusqu'a la limite inférieure donnée en 6.4.4 et maintenir
pendant le méme temps pour obtenir les conditions de stabilisation. Enregistrer le temps de
stabilisation et la valeur du signal de sortie (7).

6.4.3 Calcul

X—-R
Les variations sont: x100
ot: V=R 100

)l

1

6.4.4 Variations admissibles

Le Tableau 10 s’applique.

Tableau 10 — Variations admissibles dues a la température.ambiante

Groupe d'utilisation

Domaine nominal
d’utilisation

Variation

°C %.d’indice de classe
| 10 a 35 100
0 0a45 100
1 -10 a 55 100

6.5 [Variations dues a la fréquence de laiou des grandeurs d'entrée

6.5.1 Application

Tous |les transducteurs sauf les transducteurs de fréquence. Les transducteurs qu
sensillles a la fréquence (par exemple, ceux qui utilisent des variateurs de phase) so

excepfions et le domaine nominald'utilisation doit étre toujours marqué.

6.5.2 Procédure

Appliquer la valeur nominale de la fréquence d'entrée et enregistrer la valeur du sig

sortie|(R).

Pour pne valeur constante du mesurande, réduire la fréquence jusqu'a la limite infé

donnée en6:5.4 et enregistrer la valeur du signal de sortie (X).

i sont
nt des

hal de

rieure

Augm enter la rrequence jusqu-a la limite superieure donnee en b.o0.4 et enregistrer la val

signal de sortie (Y).

6.5.3 Calcul

X-R
Les variations sont: x100
ot: V=R 100

6.5.4 Variations admissibles

Le Tableau 11 s’applique.

eur du


https://iecnorm.com/api/?name=bcc215964e6a552e619948193803b46d

- 124 - IEC 60688:2021 © IEC 2021

Tableau 11 — Variations admissibles dues a la fréquence de la grandeur d'entrée

Groupe d'utilisation Domaine nominal Variation
d’utilisation
(%) % d’indice de classe
| 90 a 110 100
I 90 a 110 100
1 90 a 110 100
Sensible a la fréquence Comme marqué 100

6.6
6.6.1

Tous les transducteurs sauf les transducteurs de courant et de tension.

6.6.2

Variations dues a la tension d'entrée

Application

Procédure

Appliquer la valeur nominale de la tension d'entrée et enregistrer la valeur du sigpal de

sortie

Pour
donné

Augm
valeur

6.6.3

Les v4

et:

6.6.4

Le Ta

(R).

ne valeur constante du mesurande, réduire la tensjon'd'entrée jusqu'a la limite infé
e en 6.6.4 et enregistrer la valeur du signal de sartie (X).

du signal de sortie (Y)

Calcul

X=R 100

riations sont:

Y-R 100

Variations.admissibles

bleau 127s’applique.

Tableau 12 — Variations admissibles dues a la tension d'entrée

6.7
6.7.1

Groupe d'utilisation Domaine nominal Variation
d’utilisation
(%) % d’indice de classe
| 90 a 110 50
1 80 a 120 50
1 80 a 120 50

Variations dues au courant d'entrée

Application

Transducteurs d'angle de phase et de facteur de puissance.

rieure

bnter la tension d'entrée jusqu'a la limite supérieure donnée en 6.6.4 et enregisfrer la
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6.7.2 Procédure

Appliquer la valeur nominale du courant d'entrée et enregistrer la valeur du signal de sort

ie (R).

Pour une valeur constante du mesurande, réduire le courant d'entrée jusqu'a la limite inférieure

donnée en 6.7.4 et enregistrer la valeur du signal de sortie (X).

Augmenter le courant d'entrée jusqu'a la limite supérieure donnée en 6.7.4 et enregistrer la

valeur du signal de sortie (7).

6.7.3 Calcul

X-R
Les v4griations sont: x100
et: V=R 100

6.7.4 Variations admissibles

Le Tableau 13 s’applique.

Tableau 13 — Variations admissibles dués au courant d'entrée

Groupe d'utilisation Domaine nominal Variation
d’utilisation
(%) % d’indice de classe
| 20~a 120 100
0 204120 100
1 20a120 100

6.8 |Variations dues au facteur de puissance
6.8.1 Application

Trans@lucteurs de puissance apparente, active, et réactive.

6.8.2 Procédure

eur de
valeur

Appliquer respectivement 50 % (5 %) de la valeur nominale au courant d’entrée a un fact
puissgnce-sde 1,0 et enregistrer les deux valeurs du signal de sortie (R). Pour une
constiﬂvmmmmmmm‘ﬁﬁﬂﬁ'ﬁm z G Q

1inale,

et réduire le facteur de puissance respectivement jusqu'a 0,5 inductif/capacitif. Enregistrer les

deux valeurs du signal de sortie (X)

Pour faciliter I'essai des transducteurs de puissance réactive, les valeurs de sin ¢ équiva
sont généralement appliquées.

Les transducteurs de puissance active doivent aussi étre soumis a I’essai pour l'erreu
facteur de puissance égal a zéro, et les transducteurs de puissance réactive a sin ¢ = 0.

6.8.3 Calcul

X-R 100

Les variations sont:

lentes

raun
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Y-R 100

Variations admissibles

Le Tableau 14 s’applique.

Tableau 14 — Variations admissibles dues au facteur de puissance

Groupe Domaine nominal d’utilisation Variation
d'utilisation

Pour tous les transducteurs, l'erreur a un facteur de puissance de zér0o (ou sin¢ = 0) n

pas e

6.9
6.9.1

Tous |

6.9.2

Appliquer a la charge de sortie une valeur ggale a la moitié du domaine nominal et enre

la valg

Pour
la limi

Augm
enreg

6.9.3

Les v4

o d TNaiCce de Classe

| Cos (sin)9=0,5...1...0,5 50
I Cos (sin)9=0,5...1...0,5 50
11 Cos (sin)9=0,5...1...0,5 50

céder 100 % de l'indice de classe.

Variations dues a la charge de sortie
Application

es transducteurs a charge de sortie variable.

Procédure

ur du signal de sortie (R).

ne valeur constante du mesurande, réduire la résistance de la charge de sortie j
e inférieure donnée en 6,9:4 et enregistrer la valeur du signal de sortie (X).

bnter la résistance de‘la charge de sortie jusqu'a la limite supérieure donnée en 6
strer la valeur du_signal de sortie (7).

Calcul

X=R 100

riations*sont:

e doit

gistrer

Isqu'a

9.4 et

et:

6.9.4

Y-R 100

Variations admissibles

Le Tableau 15 s’applique.

Tableau 15 — Variations admissibles dues a la charge de sortie

Groupe d'utilisation Domaine nominal Variation
d’utilisation

(%) % d’indice de classe

| 10 4 100 50
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1 10 a 100 50
Il 10 a 100 50

6.10 Variations dues a la distorsion de la ou des grandeurs d'entrée
6.10.1 Application

Tous les transducteurs caractérisés par le fabricant pour étre utilisés sur les systémes ayant
des formes d'ondes déformées, sauf les transducteurs d’harmoniques.

6.10.j Procedure

Appliquer la valeur choisie de la grandeur d'entrée, sans distorsion et enregistrerda valgur du
signall de sortie (R). Introduire une distorsion de troisieme harmonique au niveau donné en
6.10.4, les valeurs efficaces étant maintenues constantes, et enregistrer la valeur du signal de
sortie [(X). Il convient de modifier I'angle de phase entre I'harmonique et le fondamental deg facon
a obtenir les conditions les plus défavorables.

Pour les transducteurs de puissance apparente, active et réactive(/'essai est réalisé avec la
forme|d'onde déformée du courant et puis répété avec la forme d'onde déformée de la tension.

Pour |es transducteurs de puissance apparente, active gt\réactive qui n’utilisent pas de
variateurs de phase, les variations admissibles sont donrdges en 6.10.4.

Pour les transducteurs de puissance réactive utilisant des variateurs de phase, les variations
admispibles doivent étre spécifiées par le fabricant.

6.10.3 Calcul

X=R 100

La varfiation est:

6.10.4 Variations admissibles

Le Tableau 16 s’applique.

Tableau 16 — Variations admissibles dues a la distorsion
de la ou des grandeurs d'entrée

Groupe d'utilisation Domaine nominal Variation
d’utilisation

% d’indice de classe

| Facteur de distorsion 0,2 200
Il Facteur de distorsion 0,2 200
11 Facteur de distorsion 0,2 200

6.11 Variations dues a un champ magnétique d'origine extérieure
6.11.1 Application

Tous les transducteurs.
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6.11.2 Procédure

Le transducteur est placé au centre d'une bobine de 1 m de diameétre moyen, de section carrée
et d'épaisseur radiale faible par rapport a son diamétre. Il est également admissible d'utiliser
un autre appareil capable de produire un champ magnétique homogéne convenable en
I'absence du transducteur en essai. 400 ampéres-tours de cette bobine produisent, au centre
de la bobine, en I'absence du transducteur en essai, une intensité du champ de 0,4 kA/m. Le
champ magnétique doit étre produit par un courant de méme nature et de méme fréquence que
celui qui alimente le circuit de mesure, et doit étre tel que la combinaison de phase et
d'orientation soit la plus défavorable. Les valeurs indiquées pour les champs alternatifs sont
des valeurs efficaces.

Tout transducteur ayant une dimension extérieure supérieure a 250 mm doit étre soymis a
I'essa| dans une bobine de diamétre moyen au moins égal a quatre fois la plus dgrande
dimenpgion du transducteur. L'intensité du champ magnétique étant la méme que célle dpnnée
ci-despus.

En l'absence du champ extérieur, enregistrer la valeur du signal de sortieZ(R).

Pour yne valeur constante du mesurande, appliquer le champ extérieur et enregistrer la valeur
du sighal de sortie (X).

6.11.3 Calcul

X-R 100

La varfiation est:

6.11.4 Variations admissibles

Le Tableau 17 s’applique.

Tableau 17 — Variations admissibles dues a un champ magnétique d'origine extérjeure

Groupe. d'utilisation Variation

% d’indice de classe
I 100

1l 100

1" 100

6.12 |Variations dues au déséquilibre des courants

6.12.1L“Application

Transducteurs de puissance apparente, active et réactive ayant des éléments de mesure
multiples.

6.12.2 Procédure

Les courants doivent étre équilibrés et ajustés de fagon a ce que le signal de sortie soit
approximativement au milieu de l'intervalle de sortie ou, si le zéro du signal de sortie est a
I'intérieur de l'intervalle de sortie, la moitié entre zéro et la valeur nominale supérieure du signal
de sortie. Enregistrer la valeur du signal de sortie (R).

Couper I'un des courants, en maintenant les tensions équilibrées et symétriques, et ajuster les
autres courants, en les maintenant égaux, de fagcon a restaurer la valeur initiale du mesurande.
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istrer la valeur du signal de sortie (X).

6.12.3 Calcul

La variation est:

X-R

x100

6.12.4 Variations admissibles

Le Tableau 18 s’applique.

6.13
6.13.1

Tous
multip!
non é
"deux
conne

6.13.2

Le cir
circuit
avec |
corres
la tens

Si l'ali
qui do

6.13.3

Tableau 18 — Variations admissibles dues au déséquilibre des courants

Groupe d'utilisation Variation

% d’indice de classe
100
100

100

Variations dues a l'interaction entre les éléments de mesure
Application
es, sauf ceux ayant deux éléments de mesure pour mesurer des puissances triph

quilibrées sur quatre fils avec trois circuits de courant (parfois appelés transduct
ponts et demi") et les transducteurs de"puissance réactive utilisant des méthod

xions traversables.

Procédure

tuit de tension d'un seul gifcuit de mesure doit étre alimenté a sa tension nominal
5 de courant de tous les auitres circuits de mesure doivent étre alimentés successiy
burs courants nominaux. Le plus grand écart du signal de sortie (X) par rapport a la
pondant au zéro du.mesurande doit étre noté, tout en faisant varier le déphasage
ion et les courants dans toute la plage de 0° a 360°.

mentation-auxiliaire est commune a I'un des circuits d'entrée de tension, c'est ce
it étre alimenté.

Calcul

es transducteurs de puissance apparente,.active et réactive a éléments de mesure

asées
Burs a
es de

e. Les
ement
valeur
entre

circuit

La variation est:

X 1100
F

6.13.4 Variations admissibles

Le Tableau 19 s’applique.

Tableau 19 — Variations admissibles dues aux interactions
entre les éléments de mesure

Groupe d'utilisation Variation
% d’indice de classe

50
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