ap mRasem— - . . ta w

€

bt

CZ%W’mm MU T1ér ~ram Thwido Bx p,
Mgy

NORME INTERNATIONALE

INTERNATIONAL STANDARD

Commission Electrotechnique Internationale
international Electrotechnical Commission
MemayHapoaHas SnextpotexHuyeckan Komuccus

sansformateurs de courant

Current transformers

© CEl1987 Droits de reproducuan réservés — Copyright - &ll rights reserved

Aucime pactie de cette pubfication e peut dtre reproduite i utiisée sous quelque Mo parnt of this publicztion mary be reproduced or utlized in any form or by
forme que o SOt £ par aucun procedé. dectronique ou méanique, Ycompris b any means, siectron o mechanical, including photocopying and microfiim,
Muumﬁmmrmmarm without permission in writing from the publisher,

Bureau Central de la Commtss:on Electrotechnique Intemationale 3, tue de Varembé Genéve, Sunsse

U G4

%,
CEI
IEC
185

Deuxiéme £dition
Second editnon
1987 ‘

-

Code prix '
Price code 3

Pour priz. woit cesplogus am vigars
For pricc. se¢ Carrens comalope:



- .

b

o sy e b e ek ekt h e R

185 © IEC 1987 —_—3—

FOREWORD ..vvccrvsascssscssansonnsnssnnan resesemsevanemanaann ttamveesseseusnsaraseneavans temesaasensaatacs

PREFACE ccvcvvncccancnsncnsane M tesrseacunassnatensresnssannas nnnusanan hesrmstensananesnsesenunna

11.

13.
4.
15,

16.
i
i8.

15.

21.

CHAPTER I GENERAL REQUIREMENTS APPLICABLE
TO ALL CURRENT TRANSFORMERS

SscTION ONE ~ GENERAL

BCOPE sevrieriiarisas sttt rssarasransnnenanannannan reressansenna sesrsmsnnaseseresacaverernaans
Serviccconditions .......cceeviecececacennsonen PRy

Definitions v iveaeiioiaccnnncenann.- B T LT P T taseeaas

SECTION TWO ~ RATING AND PERFORMANCE REQUIREMENTS APPLICABLE 10 ALL CURRENT TRANSFORMERS

Standard values of rated primary coorent ..... T
Standard values of rared secondary curTent .c.svevccenennnnes tvstesetnarsstssssssanssases tesectesbesnnanann
Rated continuous thermal current ........... .........
Standard values of rated OWIPUL svuvvvcevnssssssnvecrnaracscssovesatasases tesssvarsaressecacatcasnenanse .
Short-time CRITENL TALUNES covvrravescresnrsssacanas P
Limits of temperature rise ......cc.... Gecetisttesernausansansatensnna tesmaversasesesessassesersensasnosnn
Insulation EqUITEMENTS . v ucrrrerarerrssssrscssccanacasanssormnsascansansracacannnnns teteesanmtsbanireren

SecTioN TEREE - TESTS = GENERAL

“ClaSSITICIION OF LESIE .o vesneeoncenassasssnsannensnenesansossressnesssnanan veenenes

Srctron Four - TYPE TESTS

Short-timne current tests ... cceenaens P sesssasannss
TemMpPErATUTE-TiSL TEST . vnvrsrrsncccaseasanccoressonasasenasoscssnansonasssescnnnesns Gemsasmsssesstetnrnsan
Impulse 1651 OB PrIMAry WIBAINES «vveveesersvornssnrssnusrssessssrsssssssssensnssnssssnssssssrnnsassnnss
Wet test for outdoor type transfOrmers c.vvevasonccsnsnsancannss vesnens P casetssvarantesaranasarens

SecTion Fove ~ ROUTINE TESTS

Verification of terminal markings veevseeees o seseessennaene shessrasasenvs
Power-frequency tests on primary windings and measurement of partial dischafges ..vvvevcvsrevcssararcisccanns
Power-frequency tests between sections of primary and secondary windings and on secondary windings cevvvovese.

Test of InterTury INSULAON . .0nveneecccscncsnsrnsasssrasssatasssnsssnsssasssnnnansnssncacssssssssnsannsanse

Smen—Smmn
Chopped lightning-impuise test on primary windings vo.ciiiiasesiicinarnenrerereceanaas cecennanne craesnmens
Measurement of dielectric dissipation faCIOT i vnvaveriesrrsrsncasassesiaesesssssarsasscsssssanssnnsscssrres
SecTion SEVEN - Mazrxig

Terminal markings — General RIS wevererrocararrascnsans veeean reesrseaenenene
Rating plate markings ..... tesscanans teenen Catmeeereevseteanenrasecanenasararrnas taasanses ternmaseanres

Page
7
7

11

7
17
17
i?
19
19
2l

33

35

41

L)
41
43

43

45

45



TR T )

T N T Y 1P U PP

LT
a

Al ey

185 © IEC 1987 -5

CHAPTER [I: ADDITIONAL REQUIREMENTS FOR MEASURING
CURRENT TRANSFORMERS

SmEmm'-Gznnu

Qaoeex

24,
25,

1.
28.

3.

as.
35.

41,

SCOPE .cvriiirecncsseirnsncncssascsncasasasssnsons Gerttenereranacncaanen Hteeeerssssasnecasennsnreasans

Definitions cueeiirsvrcnracncssccnnnens sesresssnsnnsacsrananassasananns etannne “asemae cesenasesseentenen

SEcTioN NINE ~ ACCURACY REQUIREMENTS

Aqumdmsnanun .................. Getesatessrernansensttnertrinecesssarcans venerasens wesrsrass
Lmusofmmmdphmdxsplament.....---- .............. teemrritiatntasccannn teeetitbantenanans
Extended current rating ......ic.reancareccsecaes edataTestettasensnnrosans vesassasscecssnsssnsnnsananson

SzeTion TEN ~ TESTS POR ACCURASY

TYPEUESIS L.vrecencrnnscearsrssansonsencsnsrens seteeteceitsetsesesesasnanacasnarnranenns P

ROULING PSS cevvcuvivecnocscoreen vasssssrssnsnsesnons tessmsanas eessesttetsarsrasensernennnsnnan resesens

INSITUMENt SACUTILY CUITENL ..0uvececccacssnsasteroseressssaasastavssnatsrbsosnnassansatobassansossnnnsnns

Sscnwl-ism-Muma

Marking of the rating plate of 3 measuring ouwrent CanSfOIMEr vietivnnctinrcnccnsesicnsnans tecmeastssasanns

CHAPTER II: ADDITIONAL REQUIREMENTS FOR PROTECTIVE
CURRENT TRANSFORMERS
SeEcTION TWELVE - Gmmu.

SCOPE veninnnninanes wescsscsesann R detsesstrtsrtnseerntoanansane

Definitions ....cveeevscuenssssnssansacssssssscsasassssnnane eesscnssantescasnssasnansnsansrsnen

SECTION TERTEEN ~ ACCURACY RBQUIREMENTS

Standard accuracy Hmit f2000TS covvenscnsrersrsnsnsrssarrssrscsnsasacssansesasnssasrassnnanneers cessssnnn
ACCUTRCY Cl2838% oo v ireraeraseoranssanassnnnasnnncs covmacacanan ereceaceeacas testzeessecsssatsarsrseanes

L ImitS Of €TTOr vvvvrvecenccscacaccsensnssamencseoncenctnrosenansancassescassensonas teeeeteraserresntaace

SxeTion FouRTERN = TESTS POR ACCTURACY
Type and routine tests for current error and phase displacement .o..eeeeuen.. teeeetettessesesnseronnsnnensens
Type tests for composite €ITOr . cvveneeean- b et eEa e Ea s et s et et bttt etaatastasttcTnsavanamatitintErey
Rommf“mpﬂﬁum sessssssvesesnnsnne semssesevessassesrrr T IS ASESTeRRERRSRRTRETY “rssEvEReae
SecTroN FIFTERN = MAXKING

Marking of the rating plate of a protective current transformer «....ve.... wevtesssararvecaararseeraaane veenss

AFFENDIX A -~ Protective current ransfOrmers ceeececrnvnss P crveeseassasensen evetsessanumenarnnes

61
61

‘a8an

aeed



185 © IEC 1987 _7—

INTERNATIONAL ELECTROTECHNICAL COMMISSION

CURRENT TRANSFORMERS

b FOREWORD

- 1) The formal decisions or agreements of the IEC on technical marters, prepared by Technical Committees or which all the
National Commitrees having 2 special interest therein are represented, express, as nearly 2s possible, an international consensus
of opinion on the subjects dealt with.

2) They bave the form of recommendadons for international use and they zre accepted by the Nadonal Committees in that sense.

"2} In order to promote international unificarion, the IEC expresses the wish that all Narional Committees should adopt the text of
= the IEC recommendation for their pational ruies in so far as national conditions will permit. Any divergeace berwesn the IEC
i recommendation and the corresponding national rules should, as far as possible, be clearly indicated in the larter.

PREFACE

This standard has been prepared by IEC Technical Committee No. 38: Instrument Transformers.

This second edition replaces the first edition of IEC Publi&.tion 185 (1966) as well 2s Amendments
No. ! (1977), No. 2 (1980) and No. 3 (1982).

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

e R L L ]

[RY

Six Months® Rule Report on Yoting Two Months® Procedure Report on Voting

3B(CO)6E T 33COYI0 Coz . 38(COYTs

Further information czn be found in the relevant Reports on Voting indicated in the table above.

The following IEC publicotions are quoted in this standard: :
Publications Nos. 28 (1925): International Standard of Resistance for Copper.
38 (1983): 1EC Standard Voltages.
: 444 (1980): Instrument Transformers, Part 4: Measurement of Partial Discharges. :
R S0(321) (1986): Internarional Electrotechnical Vocabulary (IEV), Chaprer 321: Insrrument Transformers.
60-1 (1973): High-voltage Test Techniques, Part 1: General Definitions and Test Requirements.

nar b kb

71: Insulation Co-ordination. .

o " 85 (1984): Therma! Evaluation and Classification of Electrical Insulation.

i N £07 (1975) (Report): Artificial Pollurion Tests on High-volrage Insulators to be Used on ALC, Systems.
1 .
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CHAPTER I: GENERAL REQUIREMENTS APPLICABLE TO ALL
CURRENT TRANSFORMERS

=

SECTION ONE -~ GENERAL

i. Scope

This standard applies to newly manufactured current transformers for use with electrical meas-
uring instruments and electrical protective devices at frequencies from 15 Hz to 100 Hz.

Although the requirements relate basically to transformers with separate windings they are also
applicable, where appropriate, to auto-transformers.

2. Service conditions

Unless otherwise specified, current transformers shall be suitable for use under the following
service conditions: : :
Note. -The manufacturer should be informed if the conditions, including the conditions ander which mansformers arc to be
. transparted, differ from those specified.

2.1 Ambient gir temperatures

Maximum : 40°C

Daily mean, not exceeding 30°C

Minimum, for indcor type transformers =-5°C

Minimum, for cutdoor type transformers ’ : , =25°"C 7
2.2 Altitude

Up to 1000 m (3300 ft) above sea level.

2.3 Atmospheric conditions

Atmospheres which are not heavily polluted.

2.4 System earthing
1) Isolated neutral system (see definition Sub-clause 3.18).
2) Resonant cu_thed system (se¢ definition Sub-clause 3.19).

3) Earthed neutral system (see definition Sub-clause 3.21):
a) Effectively earthed peutral system. '
b) Non-effectively earthed neutral system.

- . o ol T e e a—T
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- 3, Definitions
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For the purposes of this standard, the following definitions shall apply.

Some of the definitions agree with or are similar to those of IEC Publication 50(321): Inter-
national Electrotechnical Vocabulary EV), Chapter 321: Instument Transforraers. These are
indicated by the relevant IEV reference numbers in brackets.

L ol

3.1 [Instrument transformer

A transformer intended to supply measuring instruments, meters, relays and other similar appa-
ratus (321-01-01 modified).

3.2 Current transformer

An instrument transformer in which the secondary current, in normal conditions of use, is sub-
stantially proportional to the primary current and differs in phase from it by an angle which is
approximately zero for an appropriate direction of the connections (321-02-01).

3.3 Primary winding
The winding through which flows the current to be transformed.

3.4 Secondary mndmg

The wmdmg which supphs the current circuits of mcasunng instruments, meters, relays or
similar apparatus.

3.5 Secondary circuit
The external circuit supplied by the secondary winding of a transformer.

3.6 Rated pnmary current

The value of the primary current on whickh the performance of the transformer is based (321-01 -11
modified).

3.7 Rated secondary current

The value of the sccondary current on which the performance of the transformer is based
(321-01-15 modified). .

3.8 Actual transformation ratio
The ratio of the actual primary current to the actual secondary current (321-01-17 modified).

3.9 Rared transformation ratio

The ratio of the rated primary current to the rated secondary current (321-01-19 modified).
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3.10

3.11

3.12

.13

14

315

"3.16

317

Current error (ratio error)

The error which a transformer introduces into the measurement of a current and which arises
from the fact that the actual transformation ratio is not equal to the rated transformation ratio
(321-01-21 modified).

The current error :x;:ircssed in per cent is given by the formula:

L=-L)x 100

C:_zrrcnterror%—(x' 7
P

where K, is the rared transformation ratio, I, is the actual primary current and J, the actual
secondary current when I, is flowing, under the conditions of measurement.

Phase displacement

The differcace in phase betwesn the pﬁmary and secondary current vestors, the direction of the
vectors being so chosen that the angle is zero for a perfect transformer (321-01-23 modified).

The phase displacement is said to be positive when the secondary current vector leads the piima.ry
current vector. It is usually expressed in minutes or centiradians,

Note. - This definition is strictly correct for sinusoidal currents only.

Accuracy class

A dmgnauon assigned to a current transformer the errors of which remain within specified limits
under prescribed conditions of use.

Burden
The impedance of the secondary circuit in ohms and power-factor

The burden is usually expressed as the apparent power in voltamperes absorbed at 2 specifl ed
power-factor and at the rated secondary current.

Rated burden
The value of the burden on which the accuracy reqquirements of this specification are based.

Rated output

The value of the apparent power (in voltamperes at a specified pbwcr-fac:or) which the trans-
former is intended to supply to the secondary circuit at the rated secondary current and with rated
burden connected to it. .

Higkesr voltage for equipment

The highest r.m.s. phase-to-phase voitage for wlnch a transformer is designed in respect of i its
insulation."

Rated insulation level

The combination of voltage values which characterizes the insulation of a transformer with
regard to its capability to withstand diclectric stresses.
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'3.18 Isolated neutral system

3.19

320

3.2]

322

3.23

3.24

3.25

A system which has no intentional connection to earth except through indicating, measuring
or protective devices of very high impedance,

Resonant earthed system {a system earthed through an arc-supprmion coil)

A system earthed through a reactor, the reactance being of such value that during a single line-
to-carth fault, the power-frequency inductive current passed by this reactor essentially neutralizes
the power-frequency capacitive component of the earth-fault current.

No:c.-“ﬁ:hraonzmmhmgoflsysum.themmthcfauk:shmwdmmchmmmnanmgfaukmm
would be self-extinguishing.

.Earthfngfac:c;r

At a selected location in a three-phase system (generally the point of installation of an equip-
ment), for a given system layout, is the ratio, expressed as a percentage, of the highest r.m.s. line-
to-earth power-frequency voltage on a sound phase at the selected location during a fauit to earth
affecting one or more phases, to the line-to-line r.m.s. power-frequency voltage which would be
obtained at the seiected location with the fault removed.

Eearthed neutral system

A system in which the neutral is connected to earth, either solidly, or :hroxigh a resistance or
reactance of low enough value to reduce materially transient oscillations and to give a current suffi-
cient for selective earth fault protection:

aj A system with effectively-earthed neutral at a given location is a system characterized by an
earthing factor at this point which does not exceed 80%.

Note. - This condition is obtzined in general when, for all system configurarions, the ratio of zero-sequence reactance
mmwmmswmsmmemoofmmmmmummm
is less than one.

b) A system with nou-eﬁectzvebt earthed neutral at a given location is a system chara.ctcnzcd by
an earthing factor at this point that may excesd 80%.

Exposed installation
An installation in which the apparatus is subject to overvoitages of atmospheric origin.
Nm-swmmmﬁymedmmhadmmm either directly, orthrouzhashmh-ngth

of cable.
Non-exposed installation

An installation in which the apparatus is not subject to overvoltages of atmosphcnc origin.
Nete. -Such instzllations are usuaily connected to cable petworks.

.kated frequency
The value of the frequency on which the requirements of this standard are based.

Rated short-time thermal current (1)

The r.m.s. value bf the primary current which a transformer will withstand for one second
without suffcrixllg harmful effects, the secondary winding being short-circuited.
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326 Rated dynamic current (Ien)

_ The peak value of the primary current which a transformer will withstand, without being

' damaged electrically or mechanically by the resulting electromagnetic forces, the secondary wind-
ing being short-circuited. _

3.27 Rated continuous thermal current
The value of the current which can be permitted to flow continuously in the primary winding,
the secondary winding being connected to the rated burden, without the temperature rise exceeding
the*values specified. '

[

SECTION TWO - RATING AND PERFORMANCE REQUIREMENTS .
APPLICABLE TO ALL CURRENT TRANSFORMERS

4. Standard values of rated primary current

AR i A em AW B el e fe s 0
.

4.1 Single-ratio transformers
The standard values of rated primary currents are:
10 - 12.5 - 15 - 20 - 25 - 30 ~ 40 - 50 - 60 - 73 amperes,

and their decimal muitiples or fractions.
The preferred values are those underiined.

D WLt b ot 40

42 Multi-ratio transformers
The standard values given in Sub-clause 4.1 refer to the lowest values of rated primary current.

At o . o, iy AL

§. Standard values of rated secondary current

The standard values of rated secondary current are 1A, 2A and 5A, but the preferred value
isSA. ‘ :
Notc.-meﬁmmmmddf«m@nmdmmmmﬁﬁddwﬁmmm&:dwu&

6. Rated continuous thermal current

Unless otherwise specified, the rated continuous thermal current shall be the med primary
current. (See Clause 28.) ‘ :

- 7. Standard values of rated output
The standard values of rated output up to 30 VA are:
_ 25-50~-10-152and 30 VA.
Values above 30 VA may be sclected to suit the application.
Note. -For a given transformer, provided one of the values of rated output s ssandard and associated with a standard

mmmededa:wonofmhcnxdommwﬁchmyhemmduﬂm.bmmodaedwizhoma
standard acouracy classes, is not preciuded. :

e e——— 3 v —
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g. Short-time current ratings

Current transformers supplied with a fixed primary winding or conductor shall comply with the
requirements of Sub-clauses 8.1 and 8.2 below.

8.1 Thermal rating

A rated short-time thermal current (f,) shall be assigned to the transformer. {See definition
Sub-clause 3.25.)

8.2 Dynamic rating

The value of the rated dynamic current (I;y,) shall pormally be 2.5 times the rated short-time
thermal current (Z,) and it shall be indicated on the rating plate when it is different from this value.
(See definition Sub-clause 3.26.)

9, Limits of temperature rise

The temperature rise of a current n-a;:sformer when carrying a primary current equal to the rated
continuous thermal current, with a unity power-factor burden corresponding to the rated output,
shall not exceed the appropriate value given in Table I. These values are based on the service condi-

tions given in Clause 2.

- If ambient temperatures in excess of the values given in Sub-clause 2.1 are specified, the per-
missible temperature rise in Table I shall be reduced by an amount equal to the excess ambient

temperature.

- If a transformer is specified for service at an altitude in excess of 1 000 m and tested at an altitude
below 1 000 m, the Emits of temperature rise given in Table I shall be reduced by the following
amounts for each 100 m that the altitude at the operating site exceeds 1000 m: '

a) Oil immersed transformers 0.4%
b) Dry-type transformers 0.5%

The temperature rise of the windings is limited by the lowest class of insulation either of the
winding itself or of the surrounding medium in which it is embedded. The maximum temperature
rises of the insuiation classes are as given in Table 1.
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10.

10.1

Tarie 1

Limits of temperature rise of windings

Class of insulation Maximum

(in accordance with JEC Publication 85%) temperamre rise
L)
All classes immersed in oil _ 60

All classes immersed in oil and bermeticzlly
sealed ' 65

All classes immersed in bitumincus compound 50

Classes not immersed in cil or bituminous

compound:
Y 45
A 60
E. 75
B 8
F 110
H 135

Note. - With some products (e.g. resin) the manufacturer should specify the relevant insulation class.

When the transformer is fitted with a conservator tank, has an inert gas above the oil,. or is
hermetically sealed, the temperature rise of the oil at the top of the tank or housing shall not exceed
55K .

When the transformer is not so fitted or arranged, the temperature rise of thé oil at the top of
the tank or housing shall not exceed SOK.

The temperature rise measured on the external surface of the core and other metallic parts where
in contact with, or adjacent to, insulation shall not exceed the appropriate value in Table L.

Insulation requirements

Rated insulation levels, primary windings

The choice of the insulation level for transformers having highest voltage for equipment greater
than or equal to 3.6 kV shall be made in accordance with IEC Publicarion 71: Insulation Co-

ordination. For transformers having highest voltage for equipment less than 3.6 kV, the insulation

ievel is determined by the rated short-duration power-frequency withstand voltage,

10.1.1 For windings having highest voltage for equipment in the range 3.6kVS U< 360 kV, the rated

insulation level, defined by the rated lightning-impulse and short-duration power-frequency with-
stand voltages, shall be one of those given in Tables IIA and IIB.

*IEC Publicatioy 85: Thermal Evaluation and Classification of Elecrrica! Insulation.

Y R P T AT T R
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10.1.2 For windings baving highest voltage for equipment U, 2300 kV, the rated insulation level,
defined by the rated switching and lightning impulse withstand voltages, shall be one of those given
in Table IIC.

Note. ~In this voltage range, it is considered that swirching impulse should have priority in the selection of insulation
level,

102 Other requifemem.s Jor primary winding insulation

10.2.1 Power-frequency withstand voltage

Windings having highest voltage for equipment U, 3> 300 kV shall also be capable of withstand-
ing the specified power-frequency test. Two alternative methods are specified in this standard for
windings in this category. The methods are based on different requirements regarding the test
voltages and the test procedures.

Method I The winding shall withstand the power-frequency short-duration withstand volage
corresponding to the selected rated lightning-impulse voltage as given in Table IID.

Method II: The winding shall withstand a power-frequency test of longer duration at a voltage
level lower than the short-duration test combined with a partial discharge test requirement. The test
voltages, related to the highest voltage for equipment U, are given in Tabie IIE.

Method I shall be used unless otherwise specified.

. The use of Method II requires special agreement between manufacturer and purchaser.
Note. - The Method 11 test may be preceded by a lightning-impulse test in order 1o complete the dielectric rourine tests of the
primary winding. )
If Method 1 is adopted, the lighming-impulse test is 10 be considered a type test.
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Tante I1A
Rared insulation levels for transformer primary windings having highest voltage for equipment less
than 300 kV
o Rated power-frequency
Highest voltage Rated lightning-impulse . N
for equipment U, withstand voltage ‘hmm“m
. (r.m.3) . (peak) (.:m.5)
kV kv | 44
0.72

1.2 6
20 10
36 — © 10
£0 20

7
2 p 2
60 28
2 75 28
% 38

7
TS 9 38
95 50
2 —_— 125 50
345 70
3 170 %
2 250 95
728 325 140
' 450 _ 188

1B
530 230
M

650 278
170 : .
150 325
850 360
245 950 95
1050 £60
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Tasre HB
Rated insulation levels for transformer primary windings having highest voltage for equipment less
than 52 kV
Based on practice in the United States of America and some other countries
Rated lightning-impulse
Highest voltage for . withsiand voltage Rated powss-frequency
i . {peak) shor-duration withstand
eqt#pmm Ua voltage
{r.m.s.} Power systet {r.m.s.)
<S00kVA >500kVA
kV kv kY 134
4.40 KE) 19
13.20
13.97 } 110 u
1452
26.4 150 50
36.5 200 0
Tasre IC
Rated insulation levels for transformer primary windings having highest voltage for equipment greater
than or equal to 300 KV
Highm voltage for Rated switching-impulse Rared lightning-impulze
equipment U, withstand voltags withstand voltage
{r.m.5.) (peak) {peak)
KV kv 34
750 850
300
850 1050
850 1050
g
950 1178
950 1175
420 1050 1300
1050 1425
1050 1425
25
1175 1550
1300 1800
765 1425 2100
1550 2400

. impulse test levels may become necessary.

Note. ~As the tesz voltage for U, = 765 &V has not as yet been finally settled, some interchange between switching and lightning
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Tazre IID

Method I: Power-frequency withstand voltages for transformer primary windirigs having highest voliage
Jor equipment greater than or equal to 300 kV

[T S vEr TR

i
1
E Rated lighming-impulse Power-frequency short-duration
- withszand voltage withstand voltage
i =) )
¥ .
i kv kV
d
E 250 395
1050 460
- 1175 510
g 1300 51
i 1425 &30
E 1550 680
1800 790

e
8
38

Tasiz IE

TN

Method IT: Po wer-frequeuq' test voltages for transformer primary windings having highest voltage
Jor equipment greater than or egual to 300 kv

] Highest voltage for Power-frequency prestress Pardal discharge test
i eanpment Uy voltage voltage
r.m.s.) 10s 5 min
(r.m.s.) {r.m.3.)
l kv kv 134
300 395 25
32 460 210
420 510 315
528 €30 395
. 765 790/880* 515

*To be determined by the rated lightning-impulse withstand voltage (see Table IID).

. Nore.-Thgfpec.iﬁedva.tuaoftbevothSIGCmvisionﬂmdmybechlngedin:helig!uof:xpcﬁencemdofrzﬁlionoflﬁc
K- . Publication 44-4: Instrument Transformers, Part 4: Measurement of Partizl Discharges.

Other voltage levals may be used due to network conditions and require special agresment between manufacnurer and
< purchaser,
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1022 Pariial discharges

given in IEC Publication 44~-4 which is applicable to all current transformers except transformers
having U, >300kV specified in accordance with Method H (see Sub-clause 17.3),

10.2.3 Chopped lightning impulse

If addir.ionaﬂy specified, the pnmary windings shall also be capable of mthst’a“?ﬁdmg chopped
lightning-impuises voltages having the same peak value as the full lightning-impulse voltages.

10.2:4 Measurement of dielectric dissipation factor .

If additionally specified, the dielectric dissipation factor (tan J) shall be measured. The meas-
urement is applicable only to transformers with liquid-immersed primary winding insulation having
Ua 272.5 kV. The permissible value of the dielectric dissipation factor measured at a voltage not
exceeding U,./v/3 shall also be subjected to additional specification, - '

Notes [, ~ The dielectric dissipation factor is dependent on both voltage and temperature,

2.—Musuremen:softhedidecuicdissipaﬁonfauornlowvo!tagc(e.z.uka 10kV) may be used as g reference
value when determining whuhcr:heinsuhxinnisdcmionn‘nginsewice.

10.3  Between-section insulation reguirements

For primary and secondary windings divided into two or more sections, the between-section
insulation shall be ¢apable of withstanding a rated power-frequency short-duration withstand
voltage of 3 kV (r.m.s.) for 1 min,

10.4  Insulation requirements for secondery windings
The secondary winding insulation shall be capable of withstanding a rated power-frequency
short-duration withstand voltage of 3 kV (r.m.s.) for I min.
10.5 Interturn insulation reguirements

The interturn insuiation of the windings shall be ¢apable of withstanding for 1 min an interturn
overvoltage of 4.5 kV peak across the complets secondary winding.

For some types of transformers, lower values can be accepted in accordance with the test proce-
dure given in Clause 19, ’

10.6 Creepage distance

For outdoor insulation sensitive to pollution, the required minimum creepage distance measured
on the insulation surface is given in Table I1I. In addition, the ratio between the total minimum

Creepage distance and the arcing distance should generally not exceed 3.5:1.
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Tasre III
Minimum nominal specific creepage
Pellution level distance berween phase and earth
. {mm/phase-to-phase kV}
I Light 16
H  Medium 20
Il Heavy ‘ 25
* IV Very beavy k3

Notes 1. - The definition of the various poltution classes is still under consideration.
ltkmmﬁampﬁommofmfmhmhﬁmkmﬂyaﬁmwmmM

2. - Anificial pollution tests, described in IEC Publication 507 (Report): Antificial Pollution Tests on High-voltage
InsﬂamrstobeUsedonA.C.Sysxm.uenotiududedhthismdud.umequimisnendcdbeforum
Tequirement based on this repart can be issged,

Altitude

The disruptive discharge of external insulation «depends on the prevailing aunospheric condi-
tions. In order to ensure that the withstand voltages of the external insulation of a current trans-
former intended for operation at altitudes exceeding 1000 m above sez level are sufficient, the are-
ing distance normally has to be increased.

For general guidance, the rated withstand voltage on which the arcing distance is based should be
increased by 1% for each 100 m in excess of 1000 m above sea level.

SECTION THREE - TESTS - GENERAL

Qlassification of tests
The tests specified in this standard are classified as type tests, routine tests and special tests,

Type test :
A test made on a transformer of each type to demonstrate that all transformers made to the same
specification comply with the requirements not covered by routine teszs,

N°'¢--An'pe:=:mymbeeoasidmdnﬁdiﬁzimadeonannsfomuwmmminordmﬁm.Sucadevhﬁons
shoatd be subject 10 agreement berween manufacrarer and purchaser,

Routine rest
A test to which each individual transformer is subjected.
Special test
A test other thap a type test or a routine test, agreed on by manufacturer and purchaser.
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‘ 11.1 Type tests
The following tests are type tests; for details, reference should be made to the relevant clausss:
a} Short-time current test(s) (Clause 12).
b) Temperature-rise test (Clause 13).
¢) Lightning-impulse test (Clause 14).
d} Switching-impulse test (Clause 14).
e} Wet tests for outdoor typc transformers (Clause 15).
J7 Determination of errors (Clauses 29, 31 and 39).

The dielectric type tests should all be carried out o the same transformer, unless otherwise
specified.

After transformers have been subjected to the dielectric type tests of Sub-clause 11.1, they shalt
be subjected to all the routine tests of Sub-clause 11.2.
112 Routine tests
The foﬂoﬁng tests are routine tests; for details, reference should be made to the relevant clauses:
a} Verification of terminal marking (Clause 16).
5 Power-frequency withstand test on secondary windings (Clause 18).
¢) Power-frequency withstand test between sections (Clause 18).
d) Intertum overvoitage test {Clause 19). .
e) Power-frcqucncy withstand test on primary winding (Clause 1.
J) Partia] discharge measurement (Clause 17).
& Determination of errors (Clauses 30 and 40).

Apart from the fact that determination of errors of Item &) shall be performed after the tests of
Items b), ¢) and d), the order or possibie combination of the other tests is not standardized,

a ~ Repeat power-frequency tests on primary windings should be performed at 80% of the specified

test voltage, except when Method II has been adopted.

11.3. Special tests
The following tests are special tests; for details, reference should be made to the relevant clauses:
a} Chopped lightning-impulse test (Clause 20},
&) Measurement of the dielectric diss.ipa:ion factor (Clause 21).

SECTION FOUR - TYPE TESTS

12. Short-time current tests

For the thermal short-time current 1w test, the transformer shall initially be at a temperature
"between 17°C ang 279¢,

R e e ——— e -
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13.

14,
14.1

This test shail be made with the secondary winding(s) short-circuited and at 2 current J for a
time ¢, such that (/3¢) is not less than (1,)? and provided 7 has a value between.5sand 5 5.

The dynamic test shall be made with the secondary winding(s) short-circuited and with a primary
current the peak value of which is not jess than the rated dynamic current (Zera) for at least one peak.

The dynamic test may be combined with the thermal test above provided the first major peak
current of that test is not less than the rated dynamic current Loy :

The transformer shall be deemed to have passed these tests if, after cooling to ambient tempera-
ture (between 10 °C and 30 °C), it satisfies the following requiremen;s:
@) it is not visibly damaged;
b} 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;
¢} it-withstands the dielectric tests specified in Clauses 17, 18 and 19 but with the test voltages or
currents reduced t0.90% of those given; ‘
d) on examination, the insulation next to the surface of the conductor does not show significant
deterioration (e.g. carbonization).
The examination d} is not required if the current density in the primary winding, corresponding
to the rated short-time thermal current, does not exceed 160 A/mm? where the winding is of copper

of conductivity not less than 7% of the value given in IEC Publication 28: International Standard
of Resistance for Copper.

does not exceed 180 A/mm?, where the winding is of copper of conductivity not less than §7¢, of the value given in
1EC Publication 28. Consequently, compliance with this requircment may take the place of tests, if agreed between
manufacturer and . .

Temperature-rise tect.

A test shall be made to prove compliance with the requirements of Clause 9. For the purpose of
this test, current transformers shall be deemed to have attained a steady temperature when the rate
of temperature rise does not exceed 1 K per hour.

The test-site ambient temperature shall be between 10 °C and 30 °C.

For the test, the transformers shall be mounted in 2 manner representative of the mounting
in service,

Impulse tests on primary windings
General

The impulse tests shall be performed in accordance with [EC Publication 60: High-Voltage Test
Techniqus.

The test voltage shall be applied between the terminals of the primary winding (connected
together) and earth. The frame, case (if any), core (if intended to be carthed) and all terminals of

- the secondary winding(s) shall be connected to earth.

.
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The impulse tests generally consist of voltage applications at reference and rated voltage levels.
The reference impulse voltage shall be between 50% and 75% of the rated impulse withstand
voltage. The peak value and the waveshape of the impulse voltages shall be recorded.

Evidence of insulation failure due to the test may be given by variation in the waveshape at both
reference and rated withstand voltage.

Improvements in failure detection may be obtained by the recording of earth current(s), as a
complement to the voltage records. .

14.2  Lightning-impulse test

The test voltages shall have the appropriate values given in Tables DA, IIBand IIC, depending -
on the highest voltage for equipment and the specified insulation level.

14.2.1 Windings having U, < 300 kV

The test shall be performed with both positive and negative polarities. Fifteen consecutive ‘
impulses of each polariry, not corrected for atmospheric conditions, shall be applied.

The transformer passes the test if for each polarity:

- no disrupr.ive discharge occurs in the non-self-restoring internal insulation,

- no flashovers occur along the non-self-restoring extérnal insulation,

= 1O more than two flashovers occur across the self-restoring external insulation,

- 1o other evidence of insulation failure is detected (e.g. variations in the waveshape of the
recorded quantities), '

are agreed between manufacrurer and purchaser to check the external insulation, the aumber of Bightning impulses
may be reduced to three of each polarity, not corrected for atmespheric conditions. ’
14.2.2_ W‘mdings having U= 300KV

The test shall be performed with both poéitivc and negative polarities. Three consecutive
impuises of each polarity, not corrected for atmospheric conditions, shall be applied.

The transformer passes the test if:
= no disruptive discharge occurs,

= Do other evidence of insulation failure is detected (e.g. variations in the waveshape of the
recorded quantities).

143 Switching-impulise test

The test voltages shall have the appropriate values given in Table IC, depending on the highest
voltage for equipment and the specified insulation fevel,

The test shall be performed with both positive and negarive polarities. Fifteen consecutive

mpulses of each polarity corrected for atmospheric conditions shall be applied,
Outdoor-type transformers shall be subjected to wet test. Dry test is not requxred
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The ansformer passes the test if for each polarity:
~ no distuptive discharge occurs in the non-self-restoring internal insulation.
~ no flashover occurs albng the non-self restoring external insulation,
= Do more than two flashovers occur across the self-restoring external insulation,

- no other evidence of insulation failure is detected G.e. vaﬁaﬁons in the waveshape of the
recorded quantities), :

-

15. Wet test for outdoor type transformers

In order to verify the pcrfdrmancc of the external insulation, outdoor type transformers shall be
subjected to wet tests,

The wetting procedure shall be in accordance with Sub-clause 8.1 of IEC Publication 60-1,
High-voltage Test Techniques, Part 1;: General Definitions and Test Requirements. :

15.1 Windings having U, < 300 kV

The test shall be performed in accordance with Sub-clause 17.2, with power-frequency voltage
corrected for atmospheric conditions.

15.2  Windings having U, > 300 kV
' The test shall be performed with switching impulse voltage in accordance with Sub-clause 14.3.

SECTION FIVE - ROUTINE TESTS

16. Verification of terminal markings
» It shall be verified that the terminal markings are correct (see Clause 22),

17. Power-frequency tests on primary windings and messurement of partial discharges

1.1 General | _
The power-frequency tests shall be performed in accordance with 1E C Publication 60,

The test voltage shail be applied between the terminals of the primary winding (connected
together) and earth. The frame, case (if any), core (if intended to be sarthed) and all termninals of
the secondary winding(s) shall be connected to earth. -

Themeasurementof partia.ldischargsshaﬂbcpcrformedinaceordanccwithIECPubliaﬁonM.
The minimum measurable ﬂ:ag:nitude due to disturbances or the measuring sensitivity of the
adopted circuit shall in general be lower than half the permissible magnitude specified.
17.2 Windings having U, <300 kv

The test voltages for windings having U, < 300 kV shall bave the appropriate values given in
Tables ITA and 1IB, depending on the highest voltage for equipment. The test shall be performed
for 1 min in accordance with Sub-clanse 17.1.
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17.3  Windings having U, 2 300 kV

The power frequency test for windings having Uy, 2 300 kV shall be carried out in accordance
5 with one of the methods indicated as Method I and Method II in the following sub-clauses.

Method I should be used unless otherwise specified.

Aalo A At )

.t The use of Method IT shall be subject to agreement between manufacturer and purchaser.
r 173.1 Method I - . .
e = The test voltages shall have the appropriate values .givcn in Table IID, depending on the rated
t [ lightning-impulse withstand voltage. The test shall be performed for 1 min in accordance with Sub-
clause 17.1. ' ' ,

17.3.2 Method IT

1 The maximum permissible partial discharge magnitude measured during the final minute at the

specified partial discharge test voltage shall be 10 pC.

18. Power-frequency tests between sections of primary and secondary windings and on secondary
windings ' ,

The test voltage shall have the appropriate values given in Sub-clauses 10.3 and 10.4. The test

voltage shall be applied for I min in turn between the terminals of each secondary winding or

section of winding and earth. The frame, case (if any), core (if intended to be earthed) and the
terminals of all other windings or sections shall be connected together and to earth.

19. Test of interturn insnlation

The interturn overvoltage test to mest the requirements of Sub-clause 10.5 shall be performed in
accordance with one of the test procedures given below.,

Procedure 4 ' "

With the secondary winding open-circuited (or conmected to a high impedance device which reads
peak voltage), 2 substantially sinusoidal alternating current at 2 frequency between 40 Hz and
62 Hz (in accordance with IEC Publication 60) and of r.m.s. value less than or equal to the rated
primary current (or rated extended current when applicable) shall be applied for I min to the

primary winding, sufficient to produce a voltage at the secondary terminais baving a peak value
equal to the prescribed test voitage. .

Procedure B

With the primary winding open-circuited, the prescribed test voltage (at some suitable frequency)
shall be applied for 1 min to the secondary terminals providing that the r.m.s. value of the

secondary current does not exceed the rated secondary current {or rated extended current when
applicabie).

[T Y Y

The value of the test frequency shall be not greater than five times the rated frequency; at this fre-
quency value, the prescribed test voltage may be the value obtained at the rared secondary current

discharge test voltage without interruption and maintained at this level for 5 min.
(extended range current when applicable). -
——— . . ai. mam. oa. somre T T e . em LT

. k]

a L The test voitages shall have the appropriate values given in Table IIE, depending on the highest

- voltage for equipment. The Method II test procedure shall consist of a short-time application for

( 10s at the power-frequency prestress voltage. This prestress voltage is then reduced 1o the partial
{ )

p
~ P .
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SECTION SIX - SPECIAL TESTS

20. Crkopped lightrﬁng—impulse test on primary windings

The test shall be carried out with hegative polarity only and combined with the negative polariry
full lightning-impulse test in the manner described below.

&) Windings baving U, < 300 kv
= one 100% full impulss
=~ two 100% chopped impulses
~ fourteen 100% full impulses

&) Windings having U, > 300 kv
= one 100% full impuise
= two 100% chopped impulses
= two 100% full impulses

Differences in impuise shape of ful] wave application before and after the chopped impulses are
indication of an internal faujt. '

Flashovers during chopped impulses along self-restoring externai insulation should pe dis-
regarded in the evaiuation of the behaviour of external insujation,

Measurement of dielectric dissipation factor

The measurement of the dielectric dissipation factor {tan J) shall be made after the power-
frequency test on the primary windings. The ambient temperature and the temperature of the
equipment under test shall be between 10°C and 30°C.

SECTION SEVEN - MARKING

b . 22, Termina] markings - General rnles

The termina] markings shall identify;

@) the primary and secondary Win_dingS;_

&) the winding sections, if any;
¢} the relative polarities of windings and winding sections:
) the intermediate tappings, if any.
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22.1 Method of marking

The terminals shall be marked clearly and indelibly either on their surface or in their immediate
vicinity.

shall be in block capitals,

2.2 Marb‘ng.s 10 be used

ey

The markipgs of current transformer terminals shalt be-as indicated in the following table:

P P2 A P2
Primary terminals O LYY =YY Y Y Y
naary s s s sz s3
353136 53435
Fi6. 1. - Single ratio transformer. FiG. 2. - Transformer with an inter-
mediate tapping on second-
ary winding.
Primary terminals G Q . A e P2
1] P2
—0 151 182 281 252
Secondary terminals Jr J; 51 5’ 52 52
S1 82 11538 1 2 1 2 ;
15636
Fic. 3. - Transformer with prirmary F1G. 4. = Transformer with 2 second-
winding in 2 sections - in. ary windings: each with jts
tended  for comnections Own magnetic core. {Two
either in series or in par- altcrnarive markings for the
allef, secondary terminals,)

22.3 Indication of relative polarities
All the terminals marked P1, 51 and C1 shall have the same polarity at the same instant.

23. Rating plate markings

All current transformers shall carry at least the following markings:
g} the manufacturer’s name or other mark by which he may be readily identified; .
&) 2 serial number or a type designation, preferably both; -
¢} the rated primary and secondary curi-ent, fe.:
. K =L/l Ale.g. K, = 100/5 A);
d) the rated frequency (c.g. 50 Hz);

€) the raregd output and the corresponding accuracy class, together with additiona] information -
Specified in later parts of these recommendations (see Clause 32);

Note. ~ Where appropriate the category of secondary winding should be marked {&-8- 1S, 15VA, Class 0.5; 28, 30 VA,

e r—— . e e -
B el —
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J) the highest voltage for equipment (e.g. 1.2 kV or 145 kV);
&) the rated insulation level (e.g. 6/ —kV* or 275/650 k).
Notes 1. - The two Jtems f) and £) may be combined inzo one marking (e.g. 1.2/6/-kV* or 145/275/650 kY).
*2. - A dash indicates absence of an impulse voltage level.

Aﬂ information shall be marked in an indelibie manner on the current transformer itself or on a
rating plate securely attached to the transformer.

In addition, the following information shall be marked whenever space is availabje:

i) thc_ rated short-time thermal current (Z,) and the rated dynamic current if it differs from 2.5 times
the rated short-time thermal current (e-2. 13 kA or 13/40 kA);
i) the class of insulation, if different from class A;
Note, - If several classes dfinsulaﬁngmam-h{mused. the one which limits the temperature rise of the windings should
be indicated.
k) on transformers wnh two secondary windings, the use of each winding and is corresponding
terminals.
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24.

252

CHAPTER II: ADDITIONAL REQUIREMENTS FOR
MEASURING CURRENT TRANSFORMERS

'SECTION EIGHT - GENERAL

Scope

.

Chapter I covers the requirements and tests, in addition to those in Chapter 1, that are necessary
for current transformers for use with electricalheasuring instruments.

Defnitions

Measuring current transformer
A current transformer intended to supply indicating instruments, integrating meters and similar
apparatus.
Composite error
Under steady-state conditions, the r;m.s. value of the difference berween:
@) the instantaneous values of the primary current, and

b) the instantaneous values of the actual secondary current muitiplied by the rated transformation
ratio, '

the positive signs of the primary and secondary currents corresponding to the convention for

terminal markings.
The composite error & is generally expressed as 2 percentage of the r.m.s. values of the primary
current according to the formula: ' .

100 /1 [T . .u
a= PV [ Eim iy

,'Ihﬂt:.

253

25.4

X, = rated transformation ratio

I, =r.m.5. value of the primary curreat

i, = nstantancous value of the primary current
i, =instantanecys value of the secondary current
T = duration of one cycle

Rated instrument limit primary current (IPL)

The value of the minimum primary current at which the composite error of the measuring current
transformer is equal to or greater than 10%, the secondary burden being equal to the rated burden.

Note. ~The composite error should be greater than 10%, in order to protect the apparanis supplied by the instrument trans-
former against the high currents produced in the event of system fault.
Instrument security factor (FS)

The ratio of rated instrument limit primary current to the rated primary cuwrent.

Note. - In the event of system fault currents flowing through the primary winding of a curreat qurmcr. the afﬂg of the
sppararus supplied by the rransformer is greatest when the value of the rated instrument security facsor (FS)is small.

e e —— e ————— -
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95.5 Secondary limiting e.m. [

The product of the instrument security factor FS, the rated secondary current and the vectorial
sum of the rated burden and the impedance of the secondary winding.

Nores 1.-The method by which the secondary limiting em.f.is ealculated will givea higher value than the real one. It was
chosen in order to apply the same test method as in Sub-clause 34.5 and Clause 39 for protective current trans-
formers.
Other methods may be used by agreement between manufacurer and purchaser.

_ - For caleutating the secondary limiting e.m.{., the secondary winding resistance should be corrected to 4 tempsTa-
x wre of 75 °C. .

25:6 Exciting current.
“IThe r.m.s. value of the current taken by the secondary winding of a current transformer, when g

sinusoidal voltage of rated frequency is applied to the secondary terminals, the primary and any
other windings being open-circuited. :

SECTION NINE - ACCURACY REQUIREMENTS

26. . Accuracy class designation

For measuring current transformers, the accuracy class is designated by the highest permissibie
percentage current error at rated current prescribed for the accuracy class concerned.

26.1 Standard accuracy classes
The standard accuracy classes for measuring current transformers are:
0.1-02-05-1-3-5.

27. Limits of current error and phase displacement

For Classes 0.1 - 0.2 - 0.5 and 1, the current error and phase displacement at rated frequency
shall not exceed the values given in Table IV when the secondary burden is any value from 25% to
100% of the rated burden. ' ,

For Classes 0.2 S and 0.5 S, the current eIT0r and phase displacement of current transformers for
special applications @n particular in connection with special clectricity meters which measure cor-
rectly at a current betwesn 50 mA and 6 A, that is berween 1% and 120% of the rated current 5 A)
at rated frequency shall not exceed the values given in Table IV A when the secondary burden is 20¥
value from 25% to 100% of the rated burden. These classes shall mainly be used for the ratios 25/5,
£0/$ and 100/5 and their decimal multiptes and only for the rated secondary current 5 A.

For Class 3 and Class 5, the current error at rated frequency shall not exceed the values given in
Table V when the secondary burden is any value from 50% to 100% of the rated burden.

The secondary burden used for test purposes shall have 2 power-factor of 0.8 lagging except that
when the burden is less than 5 VA, a power-factor of 1.0 shall be used. In no case shall the test

burden be less than 1 VA,
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TamiE IV
Limits of error
= Phgse displacement at percentage
A # Percentage current (ratio) of rated current shown below
:l“s: Lracy error at percentage of rated
current shown below
. N Minutes Centiradians
5 20 100 120 5 20° 100 120 $ 20 100 120
0.1 04 | 02 c.1 0.1 15 '8 5 5 | o45 | 0.2¢ | 015 | 015
02 0.75 035 0.2 02 3 15 10 10 0.9 0.45 03 03
0.5 1.5 0.75% 0.5 a.5 90 45 30 30 2.7 138 0.9 0.9
1.0 3.0 1.5 1.0 1.0 180 90 &0 60 54 2.7 1.8 1.8
‘Tanie IVA
Limits of error for current transformers for speciai applications
This table is applicable only to transformers having a rated secondary current of 5 A
= Phase displacement at percentage of
= Percentage current (ratio) rated current shown below
 Acguracy error at percentage of rated
class current shown below -
Minutes Centiradians
i s 20 | 100 | 120 1 5 20 | 100 | 120 1 5 20 | 100 | 120
028 0s|o3s{oz|e2 (o230 {15 |10 0] 10|09 foas]os|03]03
G.58 15 |]075[ 05 | 05 |05 ]| %0 45 30 0 3 [ 271135]109 ] 085 | 09
TABIEY
Limits of error .
& Perceotage current (ratio) error at
Class percentage of rated current
shown below
30 120
3 3 3
5 s 5

Limits of phase displacement are not specified for Class 3 and Class 5.
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28,

- 29,

30.

31

Extended current rating

Current transformers of accuracy Classes 0.1 to 1 may be marked as having an extended current
rating provided they comply with the following two requirements:

a) The rated c'ontinuous thermal current shall be the rated extended primary current expressed as a
percentage of the rated primary current. '

b) The limits of current error and phase displacement prescribed for 120% of rated primary current
in Table IV shall be retained up to the rated extended primary current.
Standard values of rated extended primary current are 120%, 150% and 200% of the rated
primary current.

SECTION TEN - TESTS FOR ACCURACY

Type tests ] '
Type tests to prove compliance with Clause 27 shall, in the case of transformers of Classes 0.1 to
1, be made at each value of current given in Table IV at 25% and at 100% of rated burden (subject
to 1 VA minimum).

- Transformers having extended current ratings greater than 120% shall be tested at the rated
extended primary current instead of at 120% of rated current.

Transformers of Class 3 and Class § shall be tested for compliance with the two values of current
given in Table V at 50% and at 100% of rated burden (subject to I VA minimum}.

Routine tests

The routine test for accuracy is in principle the same as the type test in Clause 29, but routine
tests at a reduced number of currents and/or burdens are permissible provided it has been shown by
type tests on a similar transformer that such a reduced number of tests is sufficient to prove com-

pliance with Clause 27.

Instrumeat security current .

A type test may be performed using the following indirect test:

With the primary winding open-circuited, the secondary winding is energized at rated frequency
by a substantially sinusoidal voltage having an r.m.s. vaiue equal to the secondary Lmiting
em.f., - ‘ .

The resulting excitation current (Z..), expressed as 2 percentage of the rated secondary current
(/..) muitiplied by the instrument security factor FS, shall be equal to or exceed the rated value of
the composite error of 10%:

Je . 00> 10%

I FS

If this result of measurement should be called into question, a controlling measurement shall be
performed with the direct test (see Appendix A), the result of which is then mandatory.
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Note. = The great advantage of the indirect test is muhjghmmmnmumuy(form@”mAﬂtpﬁm
rated current 3000 A and an inscrument security factor 10) and 3ls0 no burdens which must be constructed for S0 A.
The effect of the return primary conductors is not physicalty effective at the indirect test, Unrder service conditions
the effect can oaly enlarge the composite €XTOT, which is desirable for the safety of the appararus supplicd by the
measuring ransformer.

SECTION ELEVEN - MARKING

32. Marking of the rating plate of 2 measuring current transformer
The rating plate shall carry the appropriate information in accordance with Clause 23.

The accuracy class and instrument security factor shall be indicated following the indication of
corresponding rated output (e.g. 15 VA Class 0.5 FS 10).

Current transformers baving an extended current rating (Clause 28) shall have this rating
indiw:n? immediately following the class designation (e.g. 15 VA Class 0.5 ext. 150%).
Notz. - The rating plate may contain information concerning several combinations of output and acsuracy class the trans-

former can satisfy (e.g. 15 VA Class 0.5-30 VA Class !)andinthisasenon-sundzrd values of output may be used
(e.g. 15 VA Class I-7 VA Class 0.5) in accordance with note to Clause 7. )
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CHAPTER II: ADDITIONAL REQUIREMENTS FOR PROTECTIVE
CURRENT TRANSFORMERS

SECTION TWELVE - GENERAL

33. Scope - .

Chapter II covers the requircments and tests, in addition to those in Chapter I, that are
pecessary for current transformers for use with electrical protective relays, and in particular for the
forms of protection in which the prime requirement is the maintenance of accuracy up to several
times the rated current.

For certain protective systems where the current transformer characteristics are dependent on the
overall design of the protective equipment (for example high-speed balanced systems and earth-
fault protection in resonant earthed networks), additional requirements may be necessary.

Current transformers intended for both measurement and protection shall comply with all the
chapters of this standard.

34. Definitions

34.1 Protective current transformer

A current transformer intended to supply protective relays.

34.2 Composite error*
Under steady-state conditions, the r.m.s. value of the difference berween:

a} the instantaneous values of the primary current and

b) the instantaneous values of the actual secondary current multiplied by the rated traﬁsformatiou
ratio,

the positive signs of the primary and secondary currents corresponding to the convention for
The composite error is generally expressed as a percentage of the r.m.s. values of the primary
current according to the mathematical expression: :

100 /1 [T,0r . 2
&= Tl(K.z.—k)dt

where: :

X, = the rated transformation ratio

I, = ther.m.s. value of the primary current

i = the instantaneous value of the primary current
i = the instantaneous value of the secondary current’
T = the duration of one cycle '

—————

*Sec Appendix A.
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343

34.4

34.5

34.6

35,

36.

Rared accuracy limit primary current
The value of primary current up to which the transformer will comply with the requirements for
composite error.

Accuracy limit factor
The ratio of the rated accuracy limit primary current to the rated primary current.

Secondary limiting e.m.f,
The product of the accuracy limit factor, the rated secondary current and the vectorial sum of the
rated burden and the impedance of the secondary winding.

Exciting current
The r.m.s. value of the current taken by the secondary winding of a current transformer when
sinusoidal voltage of rated frequency is applied to the secondary terminals, the primary and any

other windings being open-circuited.

SECTION THIRTEEN - ACCURACY REQUIREMENTS

Standard accuracy limit factors

The stapdard accuracy limit factors are:
5§-10-~15-20-30.

Accuracy classes

36.1 Accuracy class designation

‘37.

For protective current transformers, the accuracy class is designed by the highest permissible per-
‘centage composite error at the rated accuracy limit primary current prescribed for the accuracy
class concerned, followed by the fetter *“P** (meaning protection).

36.2. Standard accuracy classes

The standard accuracy classes for protective current transformers are:
SPand 10P.

Limits of error
At rated frequency and with rated burden connected, the current error, phase displacement and
composite error shall not exceed the values given in Table VI.

and phase displacement, the burden shall

For testing purposes when determining current error
ower-factor

have a power-factor of 0.8 inductive except that, where the burden is lessthan 5 VA, 2 p
of 1.0 is permissible.

For the determination of composite error, the burden shall bave a power-factor of between 0.8
inductive and unity at the discretion of the manufacturer.

wil
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TasLe VI
Limits of error
Current error _ Pml dx:-.'plammcnx y Composite error at
Acouracy at rated f ) rated accuracy limit
class primary curreat primary current
. e minutes | centiradians L.
sP &1 60 %13 s ==
. 0P *3 -— - i0

SECTION FOURTEEN ~ TESTS FOR ACCURACY

38. Type and routine tests for current error and phase displacement

( ' Tests shall be made at rated primary current to prove compliance with Clause 37 in respect of
current error and phase displacement.

39. Type tests for compaosite error

@) Compliance with the limits of composite error given in Table VI shall be demonstrated by a
direct test in which a substantially sinusoidal current equal to the rated accuracy limit primary
current is passed through the primary winding with the secondary winding connected to a
burden of magnitude equal to the rated burden but having, at the discretion of the manu-
facturer, a power-factor between 0.8 inductive and unity (see Appendix A).

The test may be carried out on a transformer similar to the one being supgplied except that
reduced insulation may be used provided that the same geometrical arrangement is retained.

Nm-mmﬁﬁpﬁmqmmmdsiazl:bu-pdmrywindhgmmsfmmmconmed.-thedis-
mbawmthrmp@mwn&uﬂonnd&emmfmshoﬂdbenkmhmmmm

point of view of reproducing service conditions.

b) For current transformers having substantially continuous ring cores, uniformly distributed
secondary windings and having either a centrally located primary conductor(s) or a uniformiy
distributed primary winding, the direct test may be replaced by the following indirect test

- provided that the effect of the return primary conductor(s) is negligible.

L . With the primary winding open-circuited, the secondary winding is energized at rated

' . frequency by 2 substantially sinusoidal voitage baving an r.m.s. value equal_ to the secondary
Lmiting e.m.f.

: " The resulting exciting current, expressed as a percentage of the rated secondary current
multiplied by the accuracy limit factor, shall not exceed the limit of composite error given in
Table V1. ' D

Noter I, - In calculsting mesmndwﬁmidns&m.f“memdaqwindinzimpedmushoﬂdbcmdwbceqml
to the secondary winding resistance measured at room temperature and corrected to 75°C.

2.-Indezcrminingthempoﬁumwmhﬁmmemmnpwiblcdﬂrmmwnﬁomdnmd
transformation ratio feed not be taken into account.
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40. Routine tests for composite error

For all transformers qualifying under Item ) of Clause 39, the routine test is the same as the type
test.

For other transformers, the indirect test ‘of measuring the exciting current may be used, but
a correction factor shall be applied to the resuits, the factor being obtained from 3 comparison
between the results of direct and indirect tests applied to a transformer of the same type as the
one under consideration (se¢ Note 2), the accuracy timit factor and the conditions of loading being
the same. ‘ L

© In such cases, certificates of test should be held available by the manufacturer.

Notes 1. ~'The correstion factor is equal to the ratio of the éompositemorobta.ined by the direct method and the exciting
current expressed 3s & percentage of the rated secondary current multiplied by the accuracy Hmit factor, as
determined by the indirect method specified in Item o) of Clause 39.

- z-Thecxpmsian“uusforma-onhenme:ype”impliuthutheamperemsmthenmeimspecﬁveofuﬁo
mdmmemmmidmmmmdcmamﬁzkmdmcmndaﬂﬁnﬁnpmidmﬁd

SECTION FIFTEEN - MARKING

41. Marking of the rating plate of 2 protective current transformer

The rating plate shall carry the appropriate information in accordance with Clause 23. The rated
accuracy limit factor shall be indicated following the corresponding output and accuracy class
{e.g. 30 VA Class 5 P 10).

J Note. - A current tansformer satisfying the requirements of severzl combinations of output and”accuracy ciass and
. accuracy limit factor may be marked according 1o all of them,

. . egul {15 VA Class 0.5) or {15 VA Class 0.5)

(30 VA Class 1) (15 VA Class 1, ext, 150%)

(30 VA Class S P 10) (15 VA Class § P 20)
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APPENDIX A

PROTECTIVE CURRENT TRANSFORMERS

Al. Vector diagram

If consideration is given to a current transformer which is assumed to contzin oaly linear electric and
magnetic components in itself and in its burden, then, under the further assumption of sinusoidal primary

current, all thé currents, voltages and fluxes will be sinusoidal and the performance can be fllustrated by a
vector diagram such as Figure Al, page 74.

In Figure Al, I, represents the secondary current. 1t flows through the impedance of the secondary
winding and the burden which determines the magnitude and direction of the necessary induced voltage
E, and of the flux ¢ which is perpendicular to the voltage vector. This flux is maintained by the exciting
current I,, having 2 magnetizing component Jn parallel to the flux, and a loss (or active) component [,
parallel to the voltage. The vector sum of the secondary current J; and the exciting current I, is the vector
I", representing the primary current divided by the turns ratio (number of secondary turus to number of

primary turns).

Thus, for a current tragsis . = . TUTRSIE - equal to the rated transformation ratio, the difference
in the lengths of the vectors [ anc .7, T+iated to the isngth of %, is the current error according to the

definition of Sub-clause 3.10, and the angular difference § is the phase displacement according to Sub-
clause 3.11. )

A2, Turns correction

When the turns ratio is different from (usually less than) the rated transformation ratio, the current
transformer is said to have turns gorrection. Thus, in evaluating the performance, it is necessary to dis-
tinguish between 1%, the primary current divided by the turns ratio, and I, the primary current divided
by the rated transformation ratio. Absence of turns correction means I, == I If- turns-correctios is
present, I, is different from /", and since I is used in the vector diagram and I, is used for the deter-
mination of the current error, it will be seen that turns correction has an influence on the current error
(and may be used deliberately for that purpose). However, the vectors Iy and I, bave the same direction,
so turns correction has no influence on phase displacement.

It will also be apparent that the influence of turns correction on composite error is less than its
influence on current error.

A3. The error triangle

In Figure A2, page 74, the upper part of Figure Al is re-drawn to a larger scale and under the further
assumption that the phase displacement is s0 small that for practical purposes the two vectors J, and 1%
can be considered to be parallel. Assuming again that there is no turns correction, it will be seen by pro-
jecting I, to I that with a good approximation the in-phase component (A I) of I, can be used instead of
the arithmetic difference between I and I, to obtain the current error and, similarly, the quadrature
component (A I;) of Z, can be used to express the phase displacement.

1t will further be seen that under the givern assumptions the exciting current I, divided by %, is equal tb
the composite error according to Sub-clause 34.2. '

Thus, for a current transformer without turns correction and under conditions where a vector repre-
sentation is justifiable, the current error, phase displacement and composite error form a right-angled
triangle. :
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In this triangle, the hypotenuse representing the composite error is dependent on the magnitude of the
total burden impedance consisting of burden and secondary winding, while the division between current
error and phase displacement depends on the power factors of the total burden impedance and of the
exciting current. Zero phase displacement will result when these two power factors are equal, i.e. when ],
and I, are in phase. :

A4, Compasite error .

. The most important application, however, of the concept of composite error is under conditions where
a2 vector representation cannot be quﬁﬁed because non-linear conditions introduce higher harmonics in
the exciting current and in the secondary current {see Figure A3, page 74).

1t is for this reason that the compbsite error is defined as in Sub-clause 34.2 and not in the far simpler
way as the vector sum of current error and phase displacement as shown in Figure A2, page 74.

Thus, in the general case, the composite error also represents the deviations from the ideal current
transformer that are caused by the presence in the secondary winding of higher harmonics which do not
exist in the primary. (The primary current is always considered sinusoidal for the purpose of this
standard.)

A S, Direct test for composite error

Figure A4, page 74, shows a current transformer having a turns ratio of 1/1. It is connected to a source
of primary (sinusoidal) current, a secondary burden with jinear characteristics and to an ammeter in such
a manner that both the primary and secondary currents pass through the ammeter but in opposite direc-
tions. In this manner, the resultant current through the ammeter will be equal to the exciting current
under the prevailing conditions of sinusoidal primary current, and the r.m.s. value of that current related
to the r.m.s. value of the primary current is the composite error according to Sub-clause 34.2. :

Figure A4, therefore represents the basic circuit for the direct measurement of composite error.

Figure AS, page 74, represents the basic circuit for the direct measurement of composite error for
current transformers having rated transformation ratios differing from unity. It shows two current trans-
formers of the same rated transformation ratio. The current transformer marked (N) is assumed to have
negligible composite error under the prevailing conditions (minimum burden), while the current trapns-
former under test and marked (X) is connected to its rated burden. They are both fed from the same
source of primary sinusoidal current, and an ammeter is connected to measure the difference between the’
two secondary currents. Under these conditions, the r.m.s. value of the current in the ammeter A, related
to the r.m.s. value of the current in ammeter A, is the composite error of transformer (X), the relation
being expressed as a percentage.

With this mcthod/, it is necessary that the composire error of wransformer (N) is truly negligible under
the conditions of use. It is not sufficient that transformer (N) bas 2 known compasite error since, because
of the highly complicated pature of composite error (distorted waveform), any composite error of the
reference transformer (N) cannot be used to correct the test results.

A6. Alternative method for the direct measnrement of composite ervor

Alternative means may be used for the measurement of composite error and one method is shown in
Figure A6, page 74. :

Whilst the method shown in Figure AS requires a “special” reference transformer (N) of the same
rated transformation ratio as the transformer (X) and having negligible composite error at the accuracy
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Iimit primary current, the method shown in Figure A6, page 74, enables standard reference current trans-
formers (N) and (N} to be used at or about their rated primary currents. It is still essential, however, for
these reference transformers to have negligible composite errors but the requirement is easier to satisfy.

-

In Figure A6, (X) is the transformer under test, (N) is a standard reference transformer with a rated
primary current of the same order of magnitude as the rated accuracy limit primary current of trans-.
former (X) (the current at which the test is to be made), and (N*) is a standard reference transformer

having a rated primary current of the order of magnitude of the secondary current corresponding to the

rated accuracy limit primary current of transformer (X). It should be noted that the transformer (N')“

constitutes 2 part of the burden Z; of transformer %) and ‘must therefore be taken into account in
determining the value of the burden Z%. A, and A; are two ammeters and care must be taken that A,
measures the difference between the secondary currents of transformers (N) and (N').

If the rated transformation ratio of transformer (N) is X, of transformer (X) is X, and of transformer
(N')is K7, the ratio X, must equai the product of Xy and K..2

ie. K =K, K. .
Under these conditions, the r.m.s. value of the current in ammeter A,, telated to the current in
ammeter A,, is the composite error of transformer (X), the relation being expressed as a percentage.

Note.-Whmnsh;ztheme:hodsshowninl-':gurat\sandAG,mshnuldbenkenmmahwhdpedmeinmmmforA,ﬁnu
t.hevokageaaosthisammaer(dividcdbythcnﬁoofmfnmm')in:heﬁseofrmAs) constitiutes pert of
t.heburdmhageafmnﬂmpﬂmdmdswrdm&ebmﬂmonﬁkmﬁm.swhﬂy.thisammcxervoluge
increases the burden on transformer (N).

A7. Use of compaosite error

The numeric value of the composite error will never be less than the vector sum of the current error
and the phase displacement (the latter being expressed in centiradians).

Consequently, the composite error always indicates the highest possibie value of current error or phase
displacement.

The current error is of particular interest in the operation of overcurrent relays, and the phase displace-
ment in the operation of phase sensitive relays (e.g. directional relays). :

In the case of differential relays, it is the combination of the composite errors of the current trans-
formers involved which must be considered.

An additional advantage of 2 Emitation of composite error is the resulting limitation of the harmonic
content of the secondary current which is necessary for the correct operation of certain types of relays.




185 _@ CEI 1987

—4 —

o

e

FIGURE Al

Fxcanz A2

FIGUurE A4

361/36

FIGURE A6

FiGoRE AS




P T

R Y]

Publications de 1a CEI préparées
par le Comité d’Etudes o* 38

44: = Transformateurs de mesure.
44.3 (1980) Troisitme partie: Transformaicurs combinds.

44.4 (1980) Quatritme partic: Mesure des décharges partielles.

185 (1987) Transformateurs de courant.
185 (1937) Transformateurs de tension.

=

Publication 185

IE C Pubiications prepared
by Technical Committee No. 38

44: - Instrument wansformers.

443 (1980)  Part 3: Combined transformers.

44-1 (1980)  Part 4: Mcasurement of partial discharges.
185 (1987) Current transformers.

186 {1987) Voltage traasformers.




-

NORME
INTERNATIONALE

INTERNATIONAL
STANDARD

. Amendement 1

Transformateurs de courant

Amendment 1

Current transformers

CEIl
IEC

185

1987

AMENDEMENT 1
AMENDMENT 1

1890-07

©CEI1990 Droits de reproduction réservés — Copyright - all rights reserved

Bureau Central da la Commission Electrotechnique intemationale 3, rue de Varembé Gendve, Suisse

§ Commission Electrotechnique Internationale
" [nternational Electrotechnical Commission
Meamaysapomsan nexmporensmecian Hommwcom
ﬁ.

CODE PRIX
PRICE CODE B

Pour prix, voir cataloguoe en vigueurt
For price, sse cuTent catalogue



185 Amend. 1 © IEC . =3 -

PREFACE

This amendment has been prepared by IEC Technical Committee No. 38:
Instrument transformers.

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

Six Months' Rule Report on Voting
38(C0)82 38(C0)85

Full information on the voting for the approval of this amendment can be
found in the Voting Report indicated in the above table.

Page 53

27. Limits of current error and phase displacement

Add the following note at the end of this clause:

Note.- In general the prescribed limits of current error and phase
' displacenent are valid for any given position of an external
conductor spaced at a distance in air not less than that
required for insulationin air at the highest voltage for
equipment (U-).

Special conditions of application, including lower ranges of
operation voltages associated with high current values, should
be a watter of separate agreement between manufacturer and
purchaser. ‘
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FOREWORD

This amendment has been prepared - by IEC technical committee 3B: Instrument
transformers.

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

Dis Report on voling

i 3

38/147/D1S 38/156/RVD

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

Page 3 -
CONTENTS

Replace the titles of clauses 14, 17, 18, 20 and 21 by the fo!lowing new litles:
14 Impulse tests on primary winding |

17  Power frequency withstand tests on primary windings and partial discharge
measurement '

18  Power frequency withstand tests between sections of primary and
secondary windings and on secondary windings

20 Chopped impulse test on primary winding

21  Measurement of capacitance and dielectric dissipation factor
Add the title of the new clause 21 bis, Mechanical tests

Add the title of the new annex B as follows:

Annex B - Multiple chopped impulse test ......

Page 7

Insent, in the existing list of IEC publications, the titles of the following standards:

IEC 71-1: 1993, Insuiation co-ordination - Part 1: Definitions, principles and rules

IEC 270: 1981, Partial discharge measurements

{EC 567: 1992, Gu.-‘c}e for the sampling of gases 'and of oil from oil-filled electrical
equipment and for the analysis of free and dissolved gases

- [EC 599: 1978, Interpretation of the analysis of gases in transformers and other oil-filled
electrical equipment in service

IEC 815: 1986, Guide for the selection of insulators in respéct of poliuted conditions
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Page 21

10 Insulation requirements

Replace existing subclauses 10.1 to 10.6 by thg following:

These requirements apply to ail types of current transformer insulation. For gas insulated
current transformers supplementary requirements may be necessary {under consideration).

10.1  Rated insulation levels for primary windings

The rated insulation level of a primary winding of a current transformer shall be based on
its highest voltage ior equ:pment U, :

For a current transformer without primary winding and without primary insulation of its
own, the value U_ = 0,72 kV is assumed.

10.1.1  For windings having U, = 0,72 kV or 1,2 kV, the rated insulation level is
determined by the rated power trequency withstand voitage according to table 2A.

10.1.2 For windings having U = 3,6 KV or higher, but less than 300 kV, the rated
insulation level is determined by the rated lightning impulse and power frequency
withstand voltages and shall be chosen in accordance with table 2A.

For the choice between the alternative levels for'the same value of Um see IEC 71.

10.1.3 For windings having U, greater than or equal to 300 kV the rated insulation level
is determined by the rated sw:tchmg and lightning impuise withstand voltages and shall be

c¢hosen in accordance with tabie 28.

For the choice between the aiternative levels for the same value of U, see [EC 71.
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Table 2A ~ Rated Insulation levels tfor transformer primary windings having

highest voltage for equipment U, <300 kV

Highest voltage Rated power frequency Rated lightning impulse
for equipment withstand voltage withstand voltage

U (r.m.s.) {r.m.s.} (peak)
kv kv kV
0.72 3 -

1.2 6 -

3.6 10 20

40

7.2 20 40

60

12 28 60

75

17.5 38 75

a5

24 50 95

. 125

36 70 - 145
170

52 95 250
72.5 140 325
100 185 450
123 185 450
230 550

145 230 550
275 650

170 275 650
325 750

245 3295 950
460 1050

NOTE - For exposed installations, it is recommended to choose the highest
insulation levels.
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Table 2B - Rated insulation levels for transformer primary windings having
highest voltage for equipment U, 2300 kV

Highest voliage Ratad switching impulse Rated lightaing impulse
for equipment withstand voltage withstand veltage
o U_ {r.m.s.) {peak) {peak)
kv kV kv _
- =
. 300 750 950
850 1050
362 850 1 050
950 . 1175
- 420 1050 1300
1050 1425
( ,
525 1050 . 1425
i 1175 1550
765 1425 1950
1550 . ‘ 2100
NOTES ' ' .
1 For exposed installation it is recommended to choose the highest insulation
levels.
2  As the test voltage levals for U = 765 kV have not as yet been finally settled,
some interchange betwaen switching and lightning impulse test levels may bacome
necessary.

10.2  Other requirements for primary winding insulation
10.2.1  Power frequency withstand voltage

( Windings having highest voltage for equipment U, 2 300 kV shall withstand the power
frequency withstand voltage corresponding to the selected lightning impulse withstand

voltage according to table 2C.

10.2.2 Partial discharges

& Partial discharge requirements are applicable to current transformers having U, not less
than 7,2 kV.

The partial discharge level shall not exceed the limits specified in table 2D, at the partial
discharge test voltage specified in the same table, after a prestressing performed

according to the procedures of 17.2, .
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Table 2C - Power frequency withstand voltages for transformer primary
windings having highest voltage for equipment U, 2300kV

Rated lightning impulse Rated power frequency
withstand voltage withstand voltage
{peak) {r-m.s.}
kv kv
950 395
1050 460
1175 510
1 300 §70.
1425 630
1 550 &80
1 95¢C 8380
2 100 975

Table 2D - Partlal discharge test voltages and permissible levels

Permissible PD level -
PD test pC
Type of earthing voltage
of the system (rm.s.) Type of insulation
kv Immersed .
in liquid Solid
Earthed neutral v, . 10 50
system (earthing
tactor < 1,5) 1.2 U N3 5 20
Isolated or non-
affactively earthed 1.2U 10 50
neutral system " )
{earthing tactor > 1,5) 1.2 U NT 5 20
NOTES
1 Il the neutral system is_not defined, the values given for isolated or
non-elfectively earthed systems are valid, -
2 The permissible PD level is also valid lor trequencies different from rated
frequency. ’

10.2.3 Chopped lightning impulse

If additionally specified, the primary windir{g shall also be capable of withstanding a
chopped lightning impulse voltage having a peak valqe of 115 % of the full lightning

impuise voltage. '
NOTE - Lower values of test voltage may be agreed between manufacturer and purchaser.
10.2.4 Capacitance and dielectric dissipation factor

These requirements apply only to transformers with liquid immersed primary winding
insulation having U, 272,5kV.
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The values of capacitance and dielectric dissipation factor (tan 8) shall be referred to the
rated frequency and to a voltage level in the range from 10 kV {o U 3.

NOTES
1 The purpose is to check the uniformity of the production, Limits for the permissible variations may be
the subject of an agreement between manutacturer and purchaser,

2 The dielectric dissipation factor is dependent on the insulation design and on both voltage and
temperature. Its value at umws and ambient temperature normally does not exceed 0,005,

10.2.5 Multiple chopped impuises

If additionally agreed, the primary winding of oil-immersed CTs having U, 2 300 kV shall
be capable of withstanding multiple chopped impulses for checking the behaviour to high-

frequency stresses expected in operation.

As there is not enough experience to propose a definitive test programme and acceptance
criteria, in this standard only some information is given in annex B on possible test
procedure. The proof that the design is adequate is left to the manufacturer.

NOTE - The design should be particularly examined with respect to interna! shields and connactions
carrying transient currents.

10.3 Between section insulation requirements

For primary and secondary windings divided in two or more sections, the rated power
frequency withstand voitage of the insuiation between sections shali be 3 kV {r.m.s.)

10.4  /nsulation requirements for secondary windings

The rated power frequency withstand voltage for secondary windings insulation shall be
3 kV (r.m.s.). -

10.5 Interturn insulation requirements

The rated withstand voltage for interturn insulation shail be 4,5 kV peak. For some types
of transformers, lower values can be accepted in accordance with the test procedure given

in clause 19.
NOTE - Due to the test procedure, the waveshape may be highly distorted,
10.6 Creepage distance

10.6.1  Pollution and creepage distance

For outdoor current transformers with ceramic insulator susceptible to contamination, the
creepage distances for given poliution levels are given in table 3.
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Table 3 —~ Creepage distances for given pollution levels

Minimum nominal specific Creepage distance
Pollution level creepage distance Arcing distance
mmky 13
I Light 16
£35
H Medium 20
] Heavy 25
<40
v Very heavy 31

1 Ratio of the leakage distance between phase and earth over the r.m.s.
phase-lo-phase value of the highest voltage for the equipment (see

IEC 71-1).
2 For other information and manufacturing tolerances on the creepage
distance see IEC 815,

NOTES
1t It is recognized that the performance of surtace insulation is greatly
affected by insulator shape.

2 In very lightly polluted areas. specific nominal creepage distances
lower than 16 mm/kV can be used depending on service experience.
12 mm/kV seems lo be a lower {imit.

3 In cases of exceptional pollution severity, a specific nominal creepage
distance of 31 mm/kV may not be adequate. Depending on service
experionce andfor on labocatory test resuits, a higher value of specific
creapage distance can be used, but in some cases the practicabifity of
washing may have to be considered.
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Add the following new subclause:

10.8 Mechanical requirements

These requirements apply only to current transformers having a highest voltage for
equipment of 72,5 kV and above.

In table 7 guidance is given on the static loads that current that current transformers shall
be capabte of withstanding. The figures include loads due to wind and ice.

The specified test loads are intended to be applied in any direction to the primary
terminals.
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Table 7 - Static withstand test loads

Highest voltage

Static withstand load Fr

purchaser.

1 The sum of the loads acling in routinely operating conditions should
not exceed 50 % of the specified withstand test load.

2 Current transformers should withstand rarely occurring exireme
dynamic loads {e.g. short-circuits) not exceeding 1,4 times the static
withstand test load.

3 For some applications it may be necessary 1o astablish the

resistance to rotation of the pramary tarminals. Tha moment 1o be
applied during test shall be agreed between manufacturer and

for equipment N
Um
KV Loadclass |- Load class Il
72.5 to 100 1250 2 500
12310 170 2 000 3000 =
245 to 362 2 500 4 000
> 420 4 000 6 000
NOQTES
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11 Classification of tests

Replace the subclauses 11.1, 11.2 and 11.3 by the following:

11.1 Type tests

The following tests are type tests; for details reference should be made to the relevant

clauses:

a) Short-time current test
b} Temperature rise test

c) Lightning impulse test
d) Switching impulse test

€) Wet test for outdoor type transformers

f) Determination of errors

clause 12

clause 13

14.2

14.3

clause 15

clauses 29, 31 and 39

All the dielectric type tests should be carried out on the same transformer, unless

otherwise specified.

After transformers have been subjected to the dielectric type tests of 11.1, they shall be
subjected to all the routine tests of 11.2.
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Evidence of insulation failure due to the test may be given by variation in the waveshape
at both reference and rated withstand voltage. _

!mprovements in failure detection may be obtained by recording of the current(s) to earth
as a complement {o the voltage record.

14.2 Lightning impulse test

The test voltage shall have the appropriate value, given in tables 2A or 2B depending on=>
the highest voltage for equipment and the specified insulation level.

14.2.1  Windings having U_ < 300 kV

The test shall be performed with both positive and negative polarities. Fifteen consecutive
impuises of each polarity, not corrected for atmospheric conditions, shall be applied.

The transformer passes the test if for each polarity:

_no disruptive discharge occurs in the non-self-restoring internal insulation;

no flashovers occur along the non-self-restoring external insulation;

~ no more than two flashovers occur across the seif-restoring external insulation;
~ _ no other evidence of insulation failure is detected (e.g. variations in the waveshape

of the recorded quantities).

NOTE - The application of 15 posilive and 15 negative impulses is specified for testing the external
. insulation. |f other tests are agreed between manufacturer and purchaser to check the extsrnal insulation,
the number of lightning impulses may be reduced to three of each palarity, not corrected ior atmospheric

conditions.

14.2.2  Windings having U, 2 300 kV

The test shall be performed with both positive and negative polarities. Three consecutive

impulses of each polarity, not corrected for atmospheric conditions, shall be applied.

The transformer passes the test if:

- no disruptive discharge occurs;
~ no other evidence of insulation failure is detected (e.g. variations in the waveshape
of the recorded quantities).

14.3 Switching impulse test

The test voltage shall have the appropriate value, given in table 2B, depending on the
highest voltage for equipment and the specified insulation level.

The test shall be performed with positive polarity. Fifteen consecutive impulses, corrected
for atmospheric conditions, shall be applied.
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For outdoor-type transformers the test shall be performed under wet conditions (see
clause 15).

The transformer passes the test if:

no disruptive discharge occurs in the non-self-restoring internal insulation;

external insulation:

-

" — no {lashovers occur along the non-self-restoring

no more than two flashovers occur across the self-restoring external insulation;

~ no other evidence of insulation {ailure is detected (e.g. variations in the waveshape

of the recorded quantities). 7
NOTE - Impulses with flashover to the walls or ceilings of the laboratery should be disregarded.

Page 41
15 Wet test for outdoor type transformers

Replace the existing text of this clause by the following:
The wetting procedure shall be in accordance with IEC 60-1.

For windings having U_ < 300 kV, the test shall be performed with power freque'ncy
voltage of the appropriate value given in table 2A depending on the highest voitage for
equipment applying corrections for atmospheric conditions.

-.For windings having U_ 2 300 KV, the test shall be performed with switching impulse
voltage of positive polarity of the appropriate value given in table 2B, depending on the
highest voltage for equipment and the rated insulation level.

17 Power frequency tests on primary windings and measurement of
partiat discharges

- Replace the title and text of this clause by the foﬂd wing:

17 Power frequency withstand tests on primary windings and
partial discharge measurement

17.1  Power frequency test

The power frequency withstand test shall be performed in accordance with 1EC 60-1.

The test voltage shall have the appropriate value given in tables2A or 2C depending cn
the highest voltage for equipment. The duration shall be 60 s.
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The test voltage shall be applied bétween the short-circuited primary winding and eanh.
The short-circuited secondary winding(s), the frame. case (if any) and core (if there is a
special earth terminal) shall be connected 10 earth.

17.2  Partial discharges measurement
17.2.1 Test circuit and instrumentation

Thé test circuit and the instrumentation used shall be in accordance with |EC 270. Some
examples of test circuits are shown in figures 1 to 3. '

The instrument used shall measure the apparent charge q expressed in picocoulomb (pC).
Its calibration shall be performed in the test circuit (see an example in figure 4}.

A wide-band instrument shall have a bandwidth of at least 100 kHz with an upper cut-off
frequency not exceeding 1,2 MHz. Narrow-band instruments shail have their resonance
frequency in the range 0,15 to 2 MHz, Preferred values should be in the range from 0,5
to 2 MHz but, if feasible, the measurement shouid be performed at the frequency which

gives the highest sensitivity.

The sensitivity shall allow the detection of a partial discharge level of 5-pC.

NOTES

1 The nocise should be sufficiently lower than the sensitivity, Puises that are known to be caused by
external disturbances may be disregarded.

2 For the suppression of external noise, the balanced test circuit {figure 3) is appropriate.

3 When electronic signal processing and recovery are used to reduce the background noise, this should
be demonstrated by varying its parameters such that it allows the detection of rapeatedly occurring pulses.

17.2.2 Partial discharge test procedure

After a prestressing performed according to procedure A or B, the partial discharge test
voltages specified in table 2D are reached and the corresponding partial discharge levels

are medsured in a time within 30 s.

The measured partial discharge shall not exceed the limits specified in table 2D.

Procedure A:

The partial discharge test voitages are reached while decreasing the voltage after the
power frequency withstand test.

Procedure B: ’ ' .

The partial discharge test is performed after the power frequency withstand test. The
applied voltage is raised to 80 % of the power frequency withstand voltage, maintained for
not less than 60 s, then reduced without interruption to the specified partial discharge test

voltages.
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If not otherwise specified, the choice of the procedure is left 10 the manufacturer. The test
method used shall be indicated in the test report.
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18 Power frequency tests between sections of primary and secondary windings
and on secondary windings

Replace the title and text of this clause by the following:

18 Power frequency withstand tests between sectlons of primary and
secondary windings and on secondary windings

The test voltage, with the appropriate value given in 10.3 and 10.4 respectively, shall be
applied for 60 s in turn between the short-circuited terminals of each winding section or

each secondary winding and earth.

The frame, case (if any), core (if there is a special earth terminal) and the terminals of all
the other windings or sections shall be connected together and to earth.

18 Test of Interturn insulation

Replace the title and text of this ciause by the following:

19 Interturn overvoltage test

The interturn overvoltage test shall be performed in accordance to one of the following
procedures.

If not otherwise agreed, the choice.of the procedure is left to the manufacturer.

Procedure A:

With the secondary windings open-circuited {(or connected to a high impedance device
which reads peak voltage), a substantially sinusoidal current at a frequency between
40 Hz and 60 Hz (in accordance with IEC 60-1) and of r.m.s. value equal to the rated
primary current (or rated extended primary current when applicable} shall be applied for

60 s to the primary winding.

The applied current shall be limited if the test voltage of 4,5 kV peak is obtained before
reaching the rated current (or extended rated current).

Procedure B:

With the primary winding open-circuited, the prescribed test voltage (at some suitable
frequency) shall be applied for 60 s to the terminals of each secondary winding, providing
that the r.m.s. value of the secondary current does not exceed the-fated secondary current

{or rated extended current).

. The value of the test frequency shali be not greaier than 400 Hz,
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At this frequency, if the voltage value achieved at the rated secondary current (or rated
extended current) is lower than 4.5 kV peak, the obtained voltage is to be regarded as the

test voltage.

When the frequency exceeds twice the rated freduency. the duration of the test may be
reduced from 60 s as below:

| twice the rated frequency x 60
e test frequency

-

duration of test (in s) =

with a minimum of 15 s.
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20 Chopped lightning-impulse test on primary windings

Replace the title and text of this clause by the following:

20 Chopped impulse test on primary winding

The test shall be carried out with negative polarity only and combined with the negative
polarity lightning impulse test in the manner described below,

The voltage shall be a standard lightning impulse, chopped between 2 pus and 5 us. The
chopping circuit shall be so arranged that the amplitude of ‘overswing of opposite polarity
of the actual test impulse shall be limited to approximately 30 % of the peak value, The
test voltage of the full impulses shall have the appropriate value, given in tables 2A or 2B,
depending on the highest voltage for equipment and the specified insulation level.

The chopped impulse test voltage shall be in accordance with 10.2.3.

The sequence of impulse applications shall be as follows:

a) for windings having U_ < 300 kV:
-~ one full impulse;
- two chopped impulses;
-~ tourteen full impulses.

b) tor windings having U, 2 300 kV:
- one full impulse;
- two chopped impulses:
- two full impulses.

Differences in wave shape of full wave applicalions before and after the chopped impulses
are an indication of an internal fault. '

Flashovers during. chopped impulses along self-restoring external insulation shall be
disregarded in the evaluation of the behaviour of the insulation.



185 Amend. 2© IEC:1985 -31-

21 Measurement of dielectric dissipation factor

Replace the title and text of this clause by the following:

21 Measurement of capacitance and dielectric dissipation factor

The measurement ot capacitance and dielectric dissipation factor shall be made after the
power frequency withstand test on the primary windings.

Py

The test voltage shall be applied between the short-circuited primary winding terminals
and earth. Generally the short-circuited secondary winding(s), any screen and the
insulated metal casing shall be connected to the measuring bridge. If the current
transtormer has a special device (terminal) suitable for this measurement, the other
low-voltage terminals shall be shori-circuited and connected together with the metal

casing to the earth or the screen of the measuring bridge.

NOTE - In some cases, it is necessary to connect the earth to other points of the bridge.

The test shall be performed with the current transformer at ambient temperature whose
value shall be recorded.

Add the following new clause after clause 21-

21 bis Mechanical tests

The tests are carried out {0 demostrate that a current transformer is capable of complying
with the requirements specified in 10.8.

The current transformer shall be completely assembled, installed in vertical position with
the frame rigidly fixed.

Liquid-immersed current transformers shall be filled with the specified insulation medium

and submitted to the operating pressure.

The test loads shall be applied for 60 s for each of the conditions indicated i-n table 8.

The current transformer shall be considered to have passed the test it there is no
evidence of damage (deformation, rupture or leakage).
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Table 8 - Modalitles of application of test loads to be applied to the primary

terminals

Horizontal to each terminal

Vertical to each terminal

NOTE - The test load shalt be applied to the centre of the terminal.
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) m
()
— IEC 76395
T is the test ransformer
C, is the instrument transformer to be tested
C, is the coupling capacitor
M is the PD measuring instrument
Z,, is the measuring impedance
Z  is the filter (not present if C, is the capacitance of the test
transformer)
Figure 1 - Test circuit for partial discharge measurement
z
T
rrremand -
r + """" 3'1 '
C.! ! J
ay 1 G
r HE=-E- )
.Zm
)
= IEC 7645

Symbols as in figure 1

Figure 2 - Alternative test circuit for partial discharge measurement
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T is the test transformer

C,; is the instrument transformer under test

C,, is the auxiliary PD free object (or C, coupling capacitor}
M is the PD measuring instrument

Z,and Z_, are the measuring impedances

Z is the filter

Figure 3 - Example of balanced test circult for partial discharge measurement

Z
f H G
1 1 Ca <)%
T g = ‘-E-' Ce7=
Zin
—qz—@m—@ M
= IEC 7655

Symbols as in figure 1
G is the impulse generator with capacitance G

Figure 4 ~ Example of calibration circuit for partial discharge measurement
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Annex B
(informative)

Multiple chopped impulse test

The test shall be perdformed with impulses of negative polarity chopped near the crest.

The virtual duration of voitage collapse, measured according to IEC 60-1, shall be
about 0,5 ps. The circuit shall be so arranged that the overswing to opposite polarity of the

recorded impulse shall be of the order of 50 % of the peak value.

The voltage peak value should be about 60 % of the rated lightning impulse withstand
voltage. o

At least 100 impuises are necessary to put failures in evidence. They shall be applied at
the rate of about one impulse per minute.

Before the test and three days after the test the analysis of the gas dissolved in the oil of
the transformer shall be carried out.

The criteria for evaluating the result should be based on the amount and composition of

the gases produced (ratio of the quantities of significant gases) but no figures can
presently be given. Relatively large amounts of H, and C, H, are an indication of fault.

Oil sampling procedure may be the one given in IEC 567.

Analysis procedure and basis for fault diagnosis may be based on IEC 599.



G,

Publications de la CEI préparées
par le Comité d*Etudes n® 38

44: — Transformateurs de mesure.

44-3 (1980)
444 (1980)
446 (1992)

185 (1987)

186 {1987)

Publicarion 185

Troisi¢me partic: Transformateurs combinés.
Quatritme panie: Mesure des décharges partielles.
Panie 6: Prescriptions concemant les transformateurs
de courant pour protection pour la réponse ¢n régime
transitoire.

Transformatetrs de courant

Modification n® | (1990).

Amendement 2 (1995).

Transformateurs de tension.

Modification n® | (1988).

Amendement 2 (1995).

IEC publications prepared
by Technical Committee No. 38

+H: — Instrument transformers.

44-3 (1980)
H (1980)
44-6 (1992}

185 (1987

186 (1987)

Pan 3: Combined transformers.
Pan 4: Measurement of pantial discharges.

Requirements for protective current transformers for
teansient perfommance.

Current tansfommers.
Amendment No. 1 (1990).
Amendment 2 (1995).
Voltage transformers.
Amendment No. 1 (1988).
Amendment 2 (1995).



