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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -

Part 4: Additional requirements for combined transformers

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organlzatlon for standardization comprising

a” n3g I.IUIIdI VIUL:I.IUI.VL:IIIIIL:GI LaUIIIIIIII.I.VVD \IEU I‘ldl.IUIIdI UUIIIIIIILLUUb} IIIU UUJUL;I. UI ICU Ib I.U

intern
this e

Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National Gommittee
in thg subject dealt with may participate in this preparatory work. International, governmental

gover
with t
agree

2) The fdrmal decisions or agreements of IEC on technical matters express, as nearly’as possible, an int

conse
intere

3) IEC Plublications have the form of recommendations for international (Use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made torensure that the technical contg
Publidations is accurate, IEC cannot be held responsible for thg *‘way in which they are used o

misint

4) In order to promote international uniformity, IEC National \Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any d

betwe

the lafter.

5) IEC it
asses
servic

6) Allus
7) No lia

membgers of its technical committees and IEC National Committees for any personal injury, property d

other
expen

Publications.

8) Attent
indisp
9) Attent

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

This Int
Instrum

This sta

htional co-operation on all questions concerning standardization in the electrical and electrohie
hd and in addition to other activities, IEC publishes International Standards, Technical Speg

mental organizations liaising with the IEC also participate in this preparation.AEC collaboratg

nent between the two organizations.

hsus of opinion on the relevant subjects since each technical commitiee has representatiol
tted IEC National Committees.

erpretation by any end user.

bn any |IEC Publication and the corresponding national or regional publication shall be clearly in

elf does not provide any attestation of conformity. Independent certification bodies provide d
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

brs should ensure that they have the"latest edition of this publication.
bility shall attach to IEC or its-directors, employees, servants or agents including individual eX

damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
kes arising out of the tpublication, use of, or reliance upon, this IEC Publication or any

on is drawn to thé Normative references cited in this publication. Use of the referenced publi

Ensable for the correct application of this publication.

on is drawn’ torthe possibility that some of the elements of this IEC Publication may be the

pntctransformers.

promote
fields. To
ifications,
as “IEC
nterested
and non-
ks closely

he International Organization for Standardization (ISO) in accordance with(conditions detefmined by

prnational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity

e for any

perts and
amage or
fees) and
bther |IEC

cations is

subject of

brnational Standard IEC 61869-4 has been prepared by IEC technical committee 38:

ndard replaces IEC 60044-3: Combined transformers.

The text of this standard is based on the following documents:

FDIS Report on voting
38/468/FDIS 38/472/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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This standard is Part 4 of IEC 61869, published under the general title Instrument
transformers.

This Part 4 is to be read in conjunction with, and is based on, IEC 61869-1 General
Requirements — first edition (2007), IEC 61869-2, Additional requirements for current
transformers first edition (2012) and IEC 61869-3, Additional requirements for inductive
voltage transformers first edition (2011) — however, the reader is encouraged to use the most
recent edition of these documents.

This Part 4 follows the structure of IEC 61869-1, IEC 61869-2 and IEC 61869-3 and
supplements or modifies its corresponding clauses.

When a| particular subclause of Part 1, 2 or 3 is not mentioned in this Part 4, thatrsybclause
applies |as far as is reasonable. When this standard states “addition”, “maodification” or
“replacgment”, the relevant text in Part 1, 2 or 3 is to be adapted accordingly.

For addjtional clauses, subclauses, figures, tables, annexes or notes, the-following numbering
system |s used:

— claupes, subclauses, tables and figures that are numbered starting from 401 are adgditional
to those in Part 1, 2 or 3;

— addifional annexes are lettered 4A, 4B, etc.

An overview of the planned set of standards at the daféyof publication of this docyment is

given below. The updated list of standards issued by"dEC TC38 is available at the website:
www.ieg.ch

The corltents of the corrigendum of August 2014 have been included in this copy.
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PRODUCT FAMILY STANDARDS PRODUCT |PRODUCTS oLD
STANDARD STANDARD
61869-2 | ADDITIONAL REQUIREMENTS FOR 60044-1
CURRENT TRANSFORMERS
60044-6
61869-3 | ADDITIONAL REQUIREMENTS FOR 60044-2
INDUCTIVE VOLTAGE TRANSFORMERS
61869-4 | ADDITIONAL REQUIREMENTS FOR 60044-3
61869-5 | ADDITIONAL REQUIREMENTS FOR 60044-5
CAPACITIVE VOLTAGE TRANSFORMERS
61869-1
61869-6 61869-7 | ADDITIONAL REQUIREMENTS FOR 60044-7
ELECTRONIC VOLTAGE
TRANSFORMERS
CR;IIEE('\;&FRAELMENTS ADDITIONAL
FOR GENERAL
INSTRUMENT REQUIREMENT 61869-8 | ADDITIONAL REQUIREMENTS FOR 60044-8
TRANSFORMERS | FOR LOW POWER ELECTRONIC CURRENT
INSTRUMENT TRANSFORMERS
TRANSFORMERS
61869-9 | DIGITAL INJERFACE FOR INSTRUMENT
TRANSFORMERS
61869-10 | ADBITIONAL REQUIREMENTS FOR LOW-
POWER STAND-ALONE CURRENT
SENSORS
61869-41 | ADDITIONAL REQUIREMENTS FOR LOW | 60044-7
POWER STAND ALONE VOLTAGE
SENSORS
61869-12 | ADDITIONAL REQUIREMENTS FOR
COMBINED ELECTRONIC INSTRUMENT
TRANSFORMER OR COMBINED STAND
ALONE SENSORS
61869-13 | STAND ALONE MERGING UNIT
61869-14 | ADDITIONAL REQUIREMENTS FOR DC
CURRENT TRANSFORMERS
61869-15 | ADDITIONAL REQUIREMENTS FOR DC

VOLTAGE TRANSFORMERS
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.
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INSTRUMENT TRANSFORMERS -

Part 4: Additional requirements for combined transformers

1 Scope

This part of IEC 61869 applies to newly-manufactured combined transformers for use with
electrical measuring instruments and electrical protective devices at frequencies from 15 Hz
to 100 HZ:

The reduirements and tests of this standard, in addition to the requirementsy'and ftests of
IEC 61869-1, IEC 61869-2 and IEC 61869-3 cover current and inductive voltage trangformers
that are[necessary for combined instrument transformers.

2 Normative references

Clause P of IEC 61869-1:2007 is applicable with the following modifications:
Addition:
IEC 60028, International Standard of resistance for copper

IEC 60038, IEC standard voltages

IEC 61869-1:2007, Instrument Transformets — Part 1. General requirements

IEC 61869-2:2012, Instrument Transformers — Part 2: Additional requirements for|current
transformers

IEC 61869-3:2011, Instrumént’ Transformers — Part 3: Additional requirements for imductive
voltage ftransformers

3 Terms, definitions and abbreviations

For the| purpaoses of this document, the terms and definitions given in IEC 6186911:2007,
IEC 61869-2:2012 and IEC 61869-3:2011, as well as the following apply.

3.1 General definitions

3.1.401

combined instrument transformer

instrument transformer consisting of a current and a voltage transformer in the same
enclosure

3.1.402
error of voltage transformer

6.V
ratio error of voltage transformer determined with disconnected current transformer
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3.1.403
phase displacement of voltage transformer
dy

EC:2013

phase displacement of voltage transformer determined with disconnected current transformer

3.1.404
voltage induced by rated continuous thermal current
U

v
the voltage induced by the rated continuous thermal current of the current transformer in the
voltage transformer defined as a measure of the maximum variation of the voltage error

3.1.405

greatestt variation of voltage error
Ade,
the greatest possible variation of the ratio error of the voltage transformer due to
induced| by the rated continuous thermal current of the current transformer

3.1.406
greatesit variation of phase displacement
49,
the greatest possible variation of the phase displacement of the voltage transforme
voltage nduced by the rated continuous thermal current of the*current transformer

3.1.407
absolute value of the variations of voltage error
g,
sum of [the absolute values of the ratio error of the voltage transformer and the
variatiof of the voltage error obtained at specified voltage

3.1.408
absolutle value of the variations of phase displacement of voltage transformer
o'y
sum of [the absolute values of thé,phase displacement of the voltage transformer
greates{ variation of the phaseisplacement obtained at specified voltage

3.1.409
voltage|induced at rated-short-time thermal current
Ue

the voltage induced by the short-time thermal current of the current transformer in the
transformer and ' marked on the rating plate

3.1.410
error of_current transformer

voltage

due to

greatest

and the

voltage

&
ratio error of current transformer determined with unexcited voltage transformer
3.1.411

phase displacement of current transformer
5

1
phase displacement of current transformer determined with unexcited voltage transformer

3.1.412
voltage generated in the current transformer by capacitive current
U.

1
voltage generated in the current transformer by capacitive current due to applied voltage of

the voltage transformer and defined as a measure of the maximum variation of the
error

current
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3.1.413

greatest variation of current error

Agi

the greatest possible variation of the ratio error of the current transformer due to
generated in the current transformer by capacitive current

3.1.414
greatest variation of phase displacement
A5,

voltage

the greatest possible variation of the phase displacement of the current transformer due to

voltage generated in the current transformer by capacitive current

3.1.415

absolute value of the variations of current error
E'i
sum of |[the absolute values of the ratio error of the current transformer and the
variation of the current error obtained at specified current

3.1.416
absolutle value of the variations of phase displacement of currént transformer
0’;
sum of [the absolute values of the phase displacement of the current transformer
greates{ variation of the phase displacement obtained at specified current

3.7 Index of abbreviations and symbols

jreatest

and the

Replacgment:
y efror of voltage transformer
oy phase displacement of the voltage_transformer
U, voltage induced by the rated continuous thermal current
Ag, | the greatest variation of the \voltage error

U, | rdted secondary voltage

v | the greatest variatjon:of the phase displacement of the voltage transformer

tHe absolute value/of the variations of the voltage error

tHe absolutealue of the variations of the phase displacement of voltage transfo

rmer

Lip rdted short<time thermal current

I, | rdted 'eontinuous thermal current

U, | thevoltageinducedatratedshort-time-thermatcurrent

& error of current transformer

0, phase displacement of the current transformer

U, voltage generated in the current transformer by capacitive current

the greatest variation of the current error

Ad | the greatest variation of the phase displacement of the current transformer

&' the absolute value of the variations of the current error

o) the absolute value of the variations of the phase displacement of current transfo

rmer

I, | rated secondary current
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4 Normal and special service conditions

Clause 4 of IEC 61869-1:2007 is applicable.

5 Ratings

Clause 5 of IEC 61869-1:2007, Clause 5 of IEC 61869-2:2012 and Clause 5 of IEC 61869-
3:2011 are applicable with the following modifications:

Additional subclause:

5.401 Additional requirements for measuring and protective combined transformer
5.401.1| General

The errgr limits for measuring combined transformers shall correspond to_the requirements for
measuring current transformers, indicated in 5.6.201 of IEC 61869:2:2012, and| to the
requirements for measuring voltage transformers indicated in 5.6.301\6f IEC 6186913:2011.
The limits of error for protective combined transformers shall correspeond to the requifements
for protective current transformers indicated in 5.6.202 of IEC'61869-2:2012, and to the
requirements for protective voltage transformers indicated in 5.6:302 of IEC 61869-3:2011.

5.401.2| Mutual influence

When dperating the current transformer between §.Y% of the rated current and thHe rated
continugus thermal current, the voltage transformer shall not exceed the limits of voltage error
and phgdse displacement corresponding to its class within the specified range of burgen and
between 80 % and 120 % of the rated voltage.

When gperating the voltage transformer\between 80 % of the rated voltage and the rated
voltage [multiplied by the rated voltagge) factor, the current transformer shall not exceed the
limits of|l current error and phase displacement within the range of current correspondipg to its
class ard within the specified range’ of burden.

See 7.2|6.401 and 7.2.6.402.and Annex 4A.

6 Design and construction

U

Clause | 6 of \IEC 61869-1:2007, Clause 6 of IEC 61869-2:2012 and Clausg 6 of
IEC 61869-3+2011 are applicable with the following modifications:

6.4 Ree

6.4.1 General

Subclause 6.4.1 of IEC 61869-2:2012 is applicable with the following modifications:
Addition:

The temperature rise of a combined instrument transformer shall not exceed the appropriate
values of 6.4 of IEC 61869-1:2007, if a voltage as indicated in 7.2.2 of IEC 61869-3:2011, is
applied to it and the current transformer is carrying a primary current equal to the rated
continuous thermal current. The current transformer is connected to a unity power factor
burden corresponding to the rated output and with the voltage transformer being loaded at
rated burden, or at the highest rated burden if there are several rated burdens, and at a power
factor between 0,8 lagging and unity. The additional tolerance of 10 K proposed in some
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cases for the voltage transformers (see clause 7.2.2 of IEC 61869-3:2011) is also applicable
for the current transformers of the combined instrument transformers.

6.13 Markings

Additional subclauses:

6.13.401 Terminal markings

The terminals of the current and voltage transformer parts of combined instrument trans-
formers shall be marked in the same way as for individual transformers as specified in
6.13.201 of IEC 61869-2:2012 and 6.13.301 of IEC 61869-3:2011.

6.13.40]
6.13.40]

The sps
the vol
separat

6.13.40]

The volf
the r.m
transfor
induced
transfor

NOTE In
plate can
transform

P Rating plate marking
.1 General rules

cifications for the current transformer according to 6.13.202 of IEC,61869-2:2
age transformer according to 6.13.302 of IEC 61869-3:2011 shall be
bly on the rating plate.

P.2 Marking of the rating plate of a combined transformer

age transformer shall carry on the rating plate the{vallUe of the voltage U, ind
.s. value of the rated short-time thermal current flowing through the
mer, when the primary winding of the voltage transformer is short-circuit
voltage is measured at the terminals of\the secondary winding of the
Mmer loaded with 15 VA or the rated burden.

stead of the voltage U, induced by the r.m.s. value of the rated short-time thermal current,
carry the indication of the proportion of the*induced voltage to the current flowing through th
br in millivolts per kiloampere.

7 Tests

Clause
3:2011

7 of IEC 61869-1:2007, Clause 7 of IEC 61869-2:2012 and Clause 7 of IEC
hre applicable with«the following modifications:

7.1 Gegneral

71.2 |

Replace

list of tests

ment of Table 10:

D12 and
marked

uced by
current
bd. The
voltage

the rating
e current

61869-

Table 10— List of tests

Tests Subclause

Type tests 7.2

Temperature-rise test 7.2.2
Impulse voltage withstand test on primary terminals 7.2.3
Wet test for outdoor type transformers 7.2.4
Electromagnetic Compatibility tests 7.2.5
Tests for accuracy 7.2.6
Verification of the degree of protection by enclosures 7.2.7
Enclosure tightness test at ambient temperature 7.2.8
Pressure test for the enclosure 7.2.9
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Tests Subclause

Short-time current tests 7.2.201
Short-circuit withstand capability test 7.2.301
Routine tests 7.3
Power-frequency voltage withstand tests on primary terminals 7.3.1
Partial discharge measurement 7.3.2
Power-frequency voltage withstand tests between sections 7.3.3
Power-frequency voltage withstand tests on secondary terminals 7.3.4
Tests for accuracy 7.3.5
Verification of markings 7.3.6
Enclosure tightness test at ambient temperature 7.3.7
Pressure test for the enclosure 7.3.8
Determination of the secondary winding resistance 7.3.201
Determination of the secondary loop time constant 7.3:202
Rated knee point e.m.f. and maximum exciting current 0.3.203
Inter-turn overvoltage test 7.3.204
Special tests 7.4
Chopped impulse voltage withstand test on primary terminals 7.41
Multiple chopped impulse test on primary terminals 7.4.2
Measurement of capacitance and dielectric dissipation factor 7.4.3
Transmitted overvoltage test 7.4.4
Mechanical tests 7.4.5
Internal arc fault test 7.4.6
Enclosure tightness test at low and high temperatures 7.4.7
Gas dew point test 7.4.8
Corrosion test 7.4.9
Fire hazard test 7.4.10
Sample tests 7.5
Determination.of the remanence factor 7.5.1
Determination of the instrument security factor (FS) of measuring current 7.5.2
transformers

e tests

7.2.2 Temperature-rise test

Replacement of the first sentence by the following:

A test shall be made in order to prove compliance with 6.4.1.

Addition:

When there is more than one secondary winding, the tests shall be made with the appropriate
rated burden connected to each secondary winding unless otherwise agreed between
manufacturer and user. For the test, the transformer shall
representative of the mounting in service. The prescribed current and voltage are applied
simultaneously to the combined instrument transformer. For this purpose, it is necessary that
the primary winding and the secondary winding of the transformer generating the high current

be mounted in a manner
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which excites the current transformers are insulated in relation to one another for the full
voltage of the network.

If such a transformer is not available, two other test arrangements are recommended.

1) The combined instrument transformer may be installed insulated. The high voltage is then
applied simultaneously to the frame, to the casing, to the terminal of the primary winding
usually earthed in service, and to one terminal of each secondary winding, whilst the
terminal of the primary winding applied to the mains line in service is earthed. Thus the
insulation of the transformer generating the current need not be constructed for high
voltage.

2) The high voltage is applied to the terminal which is connected to the main line in service.
Prinlary ferminals of the current fransformer are short-circuited and connecied 10 the high
voltage. The rated continuous thermal current in the short-circuited primary windihg shall

be gbtained by energizing one or more secondary windings of the current transformer.

The resjults of all three methods are the same and the choice of the method is left to the
manufagturer.

The temperature rise of windings shall be measured by the increase in‘resistance method. For
primary|windings of the current transformer with very low resistance, thermocouples|may be
employgd. The temperature rise of parts other than windings may be measured by nmeans of
thermometers or thermocouples.

7.2.3 Impulse voltage withstand test on primary terminals
7.2.3.1 | General

Addition:

The impulse voltage waves shall be applied to the short-circuited primary winding of the
current |transformer connected to the~terminal of the voltage transformer primary yinding,
which ig at high voltage when in operation. The same connection is valid for chopped and
multiple|chopped impulse tests.

7.2.6 Test for accuracy

Additiorlal subclauses:

7.2.6.401 Influence of the current transformer on the voltage transformer

The infllencesof-the current transformer on the voltage transformer shall be tested as follows.

First, the \/nl’rngp error g, and the phase displacement r‘)’v of the voltage transformer are

determined with no current supplied to the current transformer and in accordance with
7.2.6.301 and 7.2.6.302 of IEC 61869-3:2011 within the specified range of burden
(measurement 1). Then the current transformer is supplied with the rated continuous thermal
current.

The supply line to the current transformer shall form a horizontal loop at the height of the
primary terminals (see Figure 401). The distance, indicated as « in Figure 401, of the return
conductor shall correspond to the distance of the other phase in the mains line. The remaining
lengths of the current loop shall each be at least 1,6 m. The primary winding of the voltage
transformer is short-circuited with a connection as short as possible, which is placed in the
vertical plane of the primary terminals of the current transformer.
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Combined voltage current transformer (CVCT)

( W The CG transformer generates the current. The

Position Position stray field of this transformer shall not influence
the combined voltage current transformer. If in
position A an influence is detected, then
position B shall be used.

The distance of return a of the conductor

corresponds to the distance of the other phase
conductors of the mains line.

CVCT

———————

Highest Minimum
system values of
voltage distance a

13Y mm

12 150

- 24 215

36 325

72)5 700

Full 123 100

insulation 245 b 200

[ 1 123 950

g Reduced 245 850

IEC 3000/02 insulation 420 b 900

Figure 401 — Geometrical construction of the circuit

The vol{age induced by the current in the voltage transformer is measured by a millivpltmeter
or an ogcilloscope at the secondary terminals. This voltage U, is a measure of the maximum
variatiop of the voltage error.

It is regommended that the voltageltransformer is loaded with the rated burden or 15 VA to
avoid efrors by externally influenced voltage (measurement 2). For protective transfofmers, it
is sufficjent to bring the variation A¢ only into relation to 2 % and for measuring trandformers
into relgtion to 80 % of rated.secondary voltage.

The greptest possible variation of the voltage error is then:

U
t+Aey, ='=—— x 100 [%] at 80 % of the rated secondary voltage
0,8 Ug,
+Aey = — ¥ %100 [%] at 2 % of the rated secondary voltage
0,02 Ug,
where
U, is the secondary rated voltage, in volts (V), and
U, isexpressed involts (V).

The greatest possible variation of the phase displacement is then
A9, = Ag, x 34,4 , in minutes (min), or

*AS, = Ag, , in centiradians (crad).
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If the absolute values of the variations of the voltage error *Ag, and of the phase
displacement *A¢, are added to the absolute values of the measuring results g, and ¢,
obtained in measurement 1 at 80 % of rated primary voltage for measuring transformer and
2% of the rated primary voltage for protective transformer within the specified range of
burden, then the values obtained

+e', = |e,| + |ae,l and x8,=16,] + |46,

shall not exceed the limits of error for the voltage transformer given in 5.6.301.3 and
5.6.302.3 of IEC 61869-3:2011 (see Figure 404).

Additions =tfrent do

not excged the limits of error, even at 100 % and 120 % of the rated voltage.

To prove compliance with 6.13.402 the value of the voltage induced by thewratéd short-time
thermal| current which shall be indicated on the rating plate, may be calCulated Wwith the
voltage |U, measured at the rated continuous thermal current.

The voliage U, induced at rated short-time thermal current is:

Us=U,xp
where
» _ Ly,
]cth
U, is|the voltage induced by the rated continuous thermal current;

Iy,  isfthe rated short-time thermal current;
Iy isfthe rated continuous thermal current.

To obtain greater accuracy, it is detter to measure the induced voltage U, at the|highest
possiblg current.

7.2.6.402 Influence of the\voltage transformer on the current transformer

In the cphse of combined instrument transformers, the influence of the voltage transformer on
the currgnt transformer has to be tested as follows.

With an| unexcited voltage transformer, the current error g and the phase displacgment &
of the clirrent/transformers are determined according to 7.2.6.201, 7.3.5.202 or 7.3.5.204 of
IEC 61869-2:2012 (measurement 3).

A voltage equal to 120 % of the rated voltage and the rated voltage multiplied by the rated
voltage factor shall then be applied to the terminal of the voltage transformer which is directly
connected to a terminal of the current transformer, the latter not being excited. A capacitive
current is generated in the current transformer by the voltage and this is measured as the
voltage drop U, across a resistor R connected to the secondary terminals of the current
transformer. The burden of the secondary windings of the voltage transformer does not affect
the results. They may therefore be open-circuited.

At the rated secondary current of 1 A or 5 A, this recommended resistor can be respectively
100 Q or 4 Q. It is sufficient for the accuracy of the resistor R to be £10 % of the value. Two
measurements shall then be made. First, the voltage drop U; is measured when one terminal
of the secondary winding of the current transformer is earthed (Figure 402, measurement 4)
and then, when the other terminal of the secondary winding is earthed (Figure 403,
measurement 5). The greater value of the two measurements is to be considered.
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NOTE It is sufficient to earth only the terminal which is earthed in service if agreed upon between the
manufacturer and user.

It generally suffices to calculate the influence of voltage at 5 % of the rated current.

The variation of the current error is then

+Ag = %100 [%] at 5 % of the rated current.
R x 0,05 Ig
where
R is nyprpequ in ohms (O);
U is|lexpressed in volts (V);

sr is[the rated secondary current in amperes (A).
The var{ation of the phase displacement is then
+A46; = Ag; x 34,4 , in minutes (min), or

A6 = Ag , in centiradians (crad).

If the vgriations of the current error +4¢ and of the phase-displacement +4¢, are addgd to the
absolute values of the measuring results ¢; and ¢; obtained in Measurement 1 at 5 % of the
rated cyrrent within the specified range of burden, then the values obtained

te' = | gl + [4g] and +506 6| + [48]  (see Figure 405)

shall not exceed the limits of error for the.€urrent transformer given in 5.6.201.3, 5.6{202.2.4
or 5.6.202.3.4 or 5.6.202.5.1 of IEC 61869-2:2012. It shall be ensured, however, that current
errors dp not exceed the limits of error;"even between 5 % and 120 % of the rated curfent and
in the case of extended current rating at the rated continuous thermal current.

PESHE N —

JEC 300702 JEC 300202

Figure 402 — Measurement 4 Figure 403 — Measurement 5
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ovA & %
\ Limits of error
A + 0,2
12,5 VA ‘
’ ' L+ 01
v
—10' +5 410
T —01
50 VA
—02
IEC 2852/13

Key

Ag,, is the variation of the error caused by a current.

v

According to the angle between the current and the voltage phasors, the end points 0f~A¢, lie on circles rqund
the pointg of the voltage transformer errors without current influence.

A is thle error of the voltage transformer at an output of 12,5 VA.
B is the error of the voltage transformer at an output of 50 VA.

Figure 404 — Error diagram of a voltage transformer class 0,2

a %

* Limits of error

+ 0,75

+ 05
Ar B 3,75 VA

11025

4 " o

- 30 —20 -1 + 107 + 20 + 30

+ —0.25

0.75

IEC 3004/02

Key
Ag is the variation of the error caused by the applied voltage.

According to the angle between the voltage and the current phasors, the end points of Ag lie on circles
round the points of current transformer errors without applying voltage.

A error of the current transformer at an output of 15 VA.

B error of the current transformer at an output of 3,75 VA.

Figure 405 — Error diagram of a current transformer
class 0,2 at 5 % of rated current
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utine tests

7.3.1 Power-frequency voltage withstand tests on primary terminals

Subclau

7.3.1.30
Addition

se 7.3.1 of IEC 61869-3:2011 is applicable with the following modifications:

1 General

, after item b):

The differential mode (induced) AC voltage test for the voltage transformer is also the power-
frequency test for the primary winding of the current transformer.

7.3.5 1
Addition

7.3.5.40

The tes
of IEC 6

The tes
of IEC 6

The var

est for accuracy

al subclause:

1 General

1869-2:2012 for current transformers.

1869-3:2011 for voltage transformers.

ation of error determined at the type test according to 7.2.6.401 and 7.2.6.4

be taken into account.

8 Rul

Clause

9 Saf

Clause

es for transport, storage, erection, operation and maintenance

B of IEC 61869-1:2007 is applicable.

ety

D of IEC 61869-1:2007 is applicable.

10 Influence of products on the natural environment

Clause

10 of FEC 61869-1:2007 is applicable.

for accuracy of the current transformer shall be carried out\ip accordance with 7.3.5

for accuracy of the voltage transformer shall be carried out in accordance with 7.3.5

D2 shall

Annexes

The annexes of IEC 61869-1:2007 and IEC 61869-2:2012 are applicable with the following
modifications:

Additional annex:
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Annex 4A
(normative)

The mutual influence of current and voltage transformers

4A.1 The influence of the magnetic field of a current-carrying conductor
on the error of a voltage transformer

The errors of a voltage transformer can be mfluenced by the magnetic f|eld of a current-
carryingreen v whenthe—cond positioned
horizontally at right angles to the Iong|tud|nal direction of the iron core and when thé’nmagnetic
flux engdircling the conductor passes through the coil opening (Figure 4A.1, influence shown
for a transformer rated at 10 kV). However, in the case where the conductor is located|parallel
to the Igngitudinal direction of the iron core, the influence is practically negligible. Thig fact is
of impgrtance for combined instrument transformers as care shafl-‘be taken| during
construgtion that the voltage transformer is mounted in the correct position, that is, with the
longitudinal direction of the iron core parallel to the current cofiductor running [through
the trangformer top.

Knowing the influence of the magnetic field of a current conductor on the error of a|voltage
transformer is important in particular for protection with diréctional relay.

It is negessary to be assured of the accuracy of .the' voltage transformers, partiC\LIarIy in
relation|to the phase shift of the secondary voltage-with respect to the primary voltage, since
the voltage induced by the current has a phase ‘shift of 90° with respect to the |primary
voltage.

If, in thg case of a fault, the secondary valtage is 0,5 V and the induced voltage is 50 mV, the
resultant error on the secondary voltage, would be greater than 10 %.

A currept conductor can, of coutse, also have an influence on any voltage transformer with
highest| system voltage of 0;6)kV or more, and not only on the combined ingdtrument
transformer, if the current conductor of the network is laid near the voltage transformer. This
requirement therefore alse applies to each voltage transformer.

4A.2 Influence ofthe applied voltage on the error of a current transformer

high voltages, are normally determined at a relatively low potential of a few volts which is just
sufficientto’generate the necessary current. If high voltage is applied to the primary|winding
of the transformer, the error may change more or less because the voltage gives rise to a
capacitive current from the primary winding to the secondary winding which — in the case of
an unshielded secondary winding — partly flows through the instruments connected to it and
partly direct to the earthed terminal of the secondary winding. Furthermore, the capacitive
current flowing through the primary winding is inductively induced in the secondary winding
even when flowing to a secondary electrostatic screen. In particular with 5 % of the rated
current, the errors may become so great that the limits of error are exceeded. If the errors of
the current transformer are measured applying the high voltage simultaneously, the reference
current transformer (standard transformer) used for this purpose as well as the transformer
generating the current shall be insulated from the high voltage. It is possible to use two
separate transformers for the measurement but it is more practical to have only one high
current winding for both the reference transformer and the current-generating transformer and
to insulate this winding for the high voltage. It is important to screen the core and the
secondary winding of the reference transformer as well as the core and the primary winding of
the current-generating transformer.

The err}rs of'the current transformers, irrespective of whether they are constructed fdr low or
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This high current winding shall also be shielded by a screen connected to the high-voltage
transformer side of the current winding in order to have the capacitive current from the high
voltage to earth flowing immediately from the high-voltage transformer and not via the high
current winding.

The methods for measuring the influence of a current conductor on the voltage transformer
described in 7.2.6.401 are indirect methods which may be performed more easily than the
direct methods whilst giving the same measuring results. For the indirect methods, the
transformer previously described which is insulated for the high voltage is not necessary.

JEC 300702

Figure 4A.1 — Current conductor and magnetic field
influencing a voltage transformer
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Partie 4: Exigences supplémentaires
concernant les transformateurs combinés
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Cette Norme internationale CEIl 61869-4 a été établie par le comité d'études 38 de la CEl:
Transformateurs de mesure.

La présente norme remplace la CEI 60044-3: Transformateurs combinés.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
38/468/FDIS 38/472/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.
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Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2.

La présente norme constitue la Partie 4 de la CEI 61869, publiée sous le titre général
Transformateurs de mesure.

La présente Partie 4 doit étre lue conjointement avec la CEl 61869-1, Exigences générales,
premiére édition (2007), la CEI 61869-2, Exigences supplémentaires concernant les
transformateurs de courant, premiere édition (2012) et la CEI 61869-3, Exigences
supplémentaires concernant les transformateurs inductifs de tension, premiére édition (2011),
sur lesquelles elle est basée. Le lecteur est toutefois encouragé a utiliser I’édition la plus
récente de ces documents.

Cette Partie 4 suit la structure des CEI 61869-1, CEI 61869-2 et CEI 61869-3 et compléte ou
modifie |leurs articles correspondants.

Lorsqu'iin paragraphe particulier de la Partie 1,2 ou 3 n’est pas mentionné darns cette
Partie 4], cet paragraphe s’applique pour autant qu’il est raisonnable. Lorsque la pgrésente
norme $pécifie "addition”, "modification” ou "remplacement”, le texte'/correspondant de la
Partie 1} 2 ou 3 doit étre adapté en conséquence.

Pour lep articles, paragraphes, figures, tableaux, annexes eu.notes supplémentgires, le
systémg de numérotation suivant est utilisé:

— les articles, paragraphes, tableaux et figures numérctés a partir de 401 s’ajouten{ a ceux
de la Partie 1, 2 et 3;

— les gnnexes supplémentaires sont désignées 4A, 4B, etc.
Le tabl¢au ci-dessous donne un apercu de;{’ensemble planifié de normes a la fate de

publicatjon du présent document. La liste a jour des normes publiées par le CE 38 d¢ la CEI
est disppnible sur le site web: www.iec.ch.

Le cont¢nu du corrigendum d'aolt 2014 a été pris en considération dans cet exemplaire.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de la CEIl sous "http://webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

* reconduite,

* supprimée,

* remplacée par une édition révisée, ou
*+ amendée.
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TRANSFORMATEURS DE MESURE -

Partie 4: Exigences supplémentaires
concernant les transformateurs combinés

1 Domaine d’application

La présente partie de la CEl 61869 s’applique aux transformateurs combinés de fabrication
récente|destinés a étre utilisés avec des instruments de mesure electriques et des-appareils
de protdction électriques, a des fréquences comprises entre 15 Hz et 100 Hz.

Les exigences et les essais de cette norme, en complément des exigences et des esgsais de
la CEI §1869-1, la CEl 61869-2 et la CEI 61869-3, couvrent les transformateurs de caurant et
les transformateurs inductifs de tension qui sont nécessaires pour)xles transformateurs
combinés de mesure.

2 Références normatives

L’Article 2 de la CEI 61869-1:2007 s’applique, avec les modifications suivantes:
Addition:
CEI 60028, Spécification internationale d'un cuivre-type recuit

CEI 60038, Tensions normales de la CEl

CEIl 61869-1:2007, Transformateurs de mesure — Partie 1: Exigences générales

CEI 61869-2:2012, Transformateurs de mesure — Partie 2: Exigences supplémgntaires
concernant les transformateurs de courant

CEI 61869-3:2011, Trapnsformateurs de mesure — Partie 3: Exigences supplémgntaires
concernant les transformateurs inductifs de tension

3 Termes; définitions et abréviations
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CEIl 61869-2:2012 et la | 61869-3:2011, ainsi que les suivants s'appliquen

3.1 Définitions générales

3.1.401

transformateur combiné de mesure

transformateur de mesure composé d’un transformateur de courant et d’'un transformateur de
tension logés dans la méme enveloppe

3.1.402

erreur du transformateur de tension

6.V

erreur de rapport du transformateur de tension, déterminée avec le transformateur de courant
déconnecté
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3.1.403

déphasage du transformateur de tension

6V

déphasage du transformateur de tension, déterminé avec le transformateur de courant
déconnecté

3.1.404

tension induite par le courant thermique permanent assigné

UV

tension induite par le courant thermique permanent assigné du transformateur de courant
dans le transformateur de tension, définie comme une mesure de la variation maximale de
I'erreur de tension

3.1.405
plus grande variation de I’erreur de tension
Ae,
plus grgnde variation possible de I’erreur de rapport du transformateur déxtension, due a la
tension nduite par le courant thermique permanent assigné du transformateur de courpnt

3.1.406
plus grande variation du déphasage
49,
plus grgnde variation possible du déphasage du transformateur de tension, due a laftension
induite par le courant thermique permanent assigné du transformateur de courant

3.1.407
valeur 3bsolue des variations de I’erreur de tension
g, _
somme ([des valeurs absolues de I'erreur de rapport du transformateur de tension et de la plus
grande YVariation de I'erreur de tension obténue a une tension spécifiée

3.1.408
valeur 3absolue des variations du'déphasage du transformateur de tension
o'y
somme (des valeurs absolues du déphasage du transformateur de tension et de la plug grande
variation du déphasage obtenue a une tension spécifiée

3.1.409
tension|induite au_courant thermique de courte durée assigné
Ue
tension induite-par le courant thermique de courte durée du transformateur de courant/dans le

transformateur de tension, et marquée sur la plaque signalétique

3.1.410

erreur du transformateur de courant

&

erreur de rapport du transformateur de courant, déterminée avec le transformateur de tension
non excité

3.1.411

déphasage du transformateur de courant

S

déphasage du transformateur de courant, déterminé avec le transformateur de tension non
excité
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3.1.412

tension générée dans le transformateur de courant par courant capacitif
Ui
tension générée dans le transformateur de courant par courant capacitif, due a la

tension

appliquée au transformateur de tension, et définie comme une mesure de la variation

maximale de l'erreur de courant

3.1.413
plus grande variation de I'erreur de courant
Agi

plus grande variation possible de I'erreur de rapport du transformateur de courant, due a la

tension générée dans le transformateur de courant par courant capacitif

3.1.414
plus grande variation du déphasage
4,
plus grgnde variation possible du déphasage du transformateur de couranty due a la
généréd dans le transformateur de courant par courant capacitif

3.1.415
valeur 3absolue des variations de I’erreur de courant
E'i
somme [des valeurs absolues de I'erreur de rapport du transformateur de courant et dg
grande Variation de I'erreur de courant obtenue a un courant spécifié

3.1.416
valeur absolue des variations du déphasage du,transformateur de courant
0’;
somme [des valeurs absolues du déphasage du transformateur de courant et de
grande Variation du déphasage obtenue a*un courant spécifié

3.7 Index des abréviations et symboles

Remplagement:

tension

 la plus

la plus

efreur du transformateur de tension

v
oy, dephasage du trapsformateur de tension

U, tgnsion induite par le courant thermique permanent assigné

Ag, | plus grande variation de I'erreur de tension

U, | tgnsion’/secondaire assignée

A5V p uo ylalldc leiat;Ull du déphaoagc du tlallbfullllatcul dc tcllc;un
g, | valeur absolue des variations de 'erreur de tension
oy valeur absolue des variations du déphasage du transformateur de tension

Iy, | courant thermique de courte durée assigné

I4h | courant thermique permanent assigné

Ug tension induite au courant thermique de courte durée assigné

erreur du transformateur de courant

0, déphasage du transformateur de courant
U, tension générée dans le transformateur de courant par courant capacitif
Ag | plus grande variation de I'erreur de courant
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A6 | plus grande variation du déphasage du transformateur de courant

& valeur absolue des variations de I'erreur de courant

valeur absolue des variations du déphasage du transformateur de courant

I, | courant secondaire assigne

4 Conditions de service normales et spéciales

L'Article 4 de la CEI 61869-1:2007 s'applique.

5 Canactéristiques assignées

L'Articlg 5 de la CEl 61869-1:2007, I'Article 5 de la CEl 61869-2:2012 et |FArticle |5 de la
CEI 61869-3:2011 s'appliquent avec les modifications suivantes:

Paragraphe complémentaire:

5.401 | Exigences supplémentaires concernant les transformateurs combinés de¢
mesure et de protection

5.401.1 Généralités

Les limites d’erreur applicables aux transformateurs combinés de mesure |doivent
corresppndre aux exigences concernant les transformateurs de courant de mesure indiquées
en 5.6.401 de la CEI 61869-2:2012, ainsi qu'aux.exigences concernant les transformateurs de
tension [ de mesure indiquées en 5.6.301 de' la CEIl 61869-3:2011. Les limites |d’erreur
applicaljles aux transformateurs combinés-de protection doivent correspondre aux exigences
concernjant les transformateurs de courant pour protection, indiquées en 5.6.202 de la
CEI 61869-2:2012, ainsi qu’aux exigemces concernant les transformateurs de tension de
protectipn indiquées en 5.6.302 dea CEI 61869-3:2011.

5.401.2 Influence mutuelle

Lorsqueg le transformateur,de courant fonctionne entre 5 % du courant assigné et le|courant
thermiqbie permanent assigné, le transformateur de tension ne doit pas dépasser les limites
d’erreur| de tension ‘et.de déphasage correspondant a sa classe dans la plage de| charge
spécifiég, ainsi gu’entre 80 % et 120 % de la tension assignée.

Lorsqug le transformateur de tension fonctionne entre 80 % de la tension assigng¢e et la
tension [asSignée multipliée par le facteur de tension assigné, le transformateur de colrant ne
doit pad_depasser les limites d’erreur de courant et de déphasage dans la plage delcourant
correspondant a sa classe et dans la plage de charge spécifiée.

Voir les articles 7.2.6.401 et 7.2.6.402 et I'annexe 4A.

6 Conception et construction

L'Article 6 de la CEl 61869-1:2007, I'Article 6 de la CEl 61869-2:2012 et I'Article 6 de la
CEI 61869-3:2011 s'appliquent avec les modifications suivantes:

6.4 Exigences relatives a I’échauffement des piéces et des composants
6.4.1 Généralités

Le paragraphe 6.4.1 de la CEl 61869-2:2012 s’applique avec les modifications suivantes:
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Addition:

L’échauffement d’un transformateur combiné de mesure ne doit pas dépasser les valeurs
appropriées de 6.4 de la CEl 61869-1:2007, si une tension telle qu’indiquée en 7.2.2 de la
CEI 61869-3:2011 est appliquée et si le transformateur de courant est parcouru par un
courant primaire égal au courant thermique permanent assigné. Le transformateur de courant
est relié a une charge de facteur de puissance unité correspondant a la puissance assignée,
le transformateur de tension étant chargé a la charge assignée ou a la charge assignée la
plus élevée s’il y a plusieurs charges assignées, et a un facteur de puissance compris entre
0,8 inductif et I'unité. La tolérance supplémentaire de 10 K, proposée dans certains cas pour
les transformateurs de tension (voir article 7.2.2 de la CEI 61869-3:2011) est également
applicable pour les transformateurs de courant des transformateurs combinés de mesure.

6.13 Marquages

Paragraphes complémentaires:

6.13.401 Marquage des bornes

Les bofnes des transformateurs de courant et des transformateurs de tension des
transformateurs combinés de mesure doivent étre marquées de da_méme maniére quje celles
des transformateurs individuels, comme spécifié¢ en 6.13.201 de“la CEl 61869-2:2012 et en
6.13.30] de la CEI 61869-3:2011.

6.13.402 Marquage des plaques signalétiques
6.13.402.1 Reégles générales

Les spécifications du transformateur de couraft selon 6.13.202 de la CEl 61869-2:2012 et
celles du transformateur de tension selon.6.13.302 de la CEIl 61869-3:2011 doivent étre
portées|séparément sur la plaque signalétique.

6.13.402.2 Marquage de la plaque signalétique d’un transformateur combiné

La plagle signalétique du transfermateur de tension doit indiquer la valeur de la tension U,
induite par la valeur efficace du“courant thermique de courte durée assigné circulant|dans le
transformateur de courant, ‘lorsque I’enroulement primaire du transformateur de tengion est
court-circuité. La tensioh jinduite est mesurée aux bornes de I'enroulement secondaire du
transformateur de tension chargé a 15 VA ou a la charge assignée.

NOTE Ajla place delatension U, induite par la valeur efficace du courant thermique de courte durée assigné, la
plaque signalétique.peut indiquer le rapport entre la tension induite et le courant qui circule dans le transformateur
de courant, en millivolts par kiloampere.

7 Essais

L'Article 7 de la CEl 61869-1:2007, I'Article 7 de la CEl 61869-2:2012 et I'Article 7 de la
CEI 61869-3:2011 s'appliquent avec les modifications suivantes:

7.1 Généralités
7.1.2 Liste des essais

Remplacement du Tableau 10:
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Essais Article
Essais de type 7.2
Essai d’échauffement 7.2.2
Essai de tenue a la tension de choc sur les bornes primaires 7.2.3
Essai sous pluie pour les transformateurs du type extérieur 7.2.4
Essais de compatibilité électromagnétique 7.2.5
Essais concernant la précision 7.2.6
VLerification-au-degré-de—protectionpartes—enveleppes 2+
Essai d’étanchéité de I'enveloppe a la température ambiante 7.2.8
Essai de pression de I'’enveloppe 7.2.9
Essais de tenue aux courants de courte durée 7.2.201
Essai de tenue aux courts-circuits 7.2,301
Essais individuels de série 7.3
Essais de tenue en tension a la fréquence industrielle sur les 7.31
bornes primaires
Mesure des décharges partielles 7.3.2
Essais de tenue en tension a la fréquence industrielle entte sections | 7.3.3
Essais de tenue en tension a la fréquence industriell€ sur les 7.3.4
bornes secondaires
Essais concernant la précision 7.3.5
Vérification des marquages 7.3.6
Essai d’étanchéité des enveloppes atempérature ambiante 7.3.7
Essai de pression de I'enveloppe 7.3.8
Détermination de la résistance de I'’enroulement secondaire 7.3.201
Détermination de la constante de temps de la boucle secondaire 7.3.202
Force électromotricede coude assignée et courant d’excitation 7.3.203
maximal
Essai de surtension entre spires 7.3.204
Essais spéciaux 7.4
Es_sai_de tenue a I'onde de choc de tension coupé sur les bornes 7.4.1
primaires
Es_sai_aux chocs de tension coupés multiples sur les bornes 7.4.2
primaires
Mesure de Ta capaciié et du facteur de dissipation dielecirique 7473
Essai de surtensions transmises 7.4.4
Essais mécaniques 7.4.5
Essai de défaut d’arc interne 7.4.6
Essai d’étanchéité de 'enveloppe a basse et haute températures 7.4.7
Essai de la mesure du point de rosée du gaz 7.4.8
Essai de corrosion 7.4.9
Essais relatifs aux risques du feu 7.4.10
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Essais Article
Essais sur préléevements 7.5
Détermination du facteur de rémanence 7.5.1
Détermination du facteur de sécurité (FS) pour les transformateurs de 7.5.2
courant pour mesure

sais de type

7.2.2 Essai d’échauffement
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L’échauffement des enroulements doit étre mesuré par la méthode d’augmentation de la

résistance. Pour les enroulements primaires du transformateur de courant a trés faible
résistance, il est permis d’utiliser des thermocouples. L’échauffement des piéces autres que

les enro

ulements peut étre mesuré au moyen de thermomeétres ou de thermocouples.

7.2.3 Essai de tenue a la tension de choc sur les bornes primaires

7.2.3.1

Généralités

Addition:

Les ondes de tension de choc doivent étre appliquées a I’enroulement primaire court-circuité
du transformateur de courant relié a la borne de I’enroulement primaire du transformateur de
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tension qui est sous haute tension en fonctionnement. Le méme branchement est valable

pour les essais aux chocs coupés et coupés multiples.

7.2.6 Essai concernant la précision

Paragraphes complémentaires:

7.2.6.40

1 Influence du transformateur de courant sur le transformateur de tension

L’'influence du transformateur de courant sur le transformateur de tension doit étre soumise
aux essais comme suit.

Tout d’abord, I'erreur de tension ¢, et le déphasage o, du transformateur de tepsjon sont
déterminés sans aucun courant fourni au transformateur de courant et conformémlent aux

articles
(mesure
courant

La ligng
hauteur

7.2.6.301 et 7.2.6.302 de la CEI 61869-3:2011, dans la plage de charge spécifiée
1). Le courant thermique permanent assigné est ensuite fourni au transformateur de

d’alimentation du transformateur de courant doit former une.boucle horizonfale a la
des bornes primaires (voir Figure 401). La distance par-rapport au condugteur de

retour, indiquée par « a la Figure 401, doit correspondre a la_distance par rapport a I'autre

phase d
d’au mg
circuité
primairg

CVCT |

s du transformateur de courant.

( )

ans de la ligne secteur. Les longueurs restantes de la.boucle de courant doivient étre
ins 1,6 m chacune. L’enroulement primaire du transformateur de tension est court-
par un branchement aussi court que possible, placé dans le plan vertical deg bornes

Transformateur combiné de courant gt de

tension (CVCT)

Le transformateur CG génere le courgnt. Le
champ parasite de ce transformateur|ne doit pas

fEC 3000:02

i Position Pesition influencer le transformateur combiné|de courant
| >1 600 et de tension. Si une influence est détectée en
| { ) position A, la position B doit alors étrg utilisée.
: : La distance de retour a du conducteur
et | | correspond a la distance par rapport pux autres
i l conducteurs de phase de la ligne sedteur.
| | T i
| - ension la Vdleurs
i =1600 plus élevée minlimales
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L kV nm
\D e 12 50
24 P15
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= ]
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Isolation 245 1 850
réduite 420 2 900

Figure 401 — Construction géométrique du circuit

La tension induite par le courant dans le transformateur de tension est mesurée au moyen
d’'un millivoltmeétre ou d’un oscilloscope au niveau des bornes secondaires. Cette tension U,
est une mesure de la variation maximale de I'erreur de tension.
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