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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
INSTRUMENT TRANSFORMERS –  

 
Part 5: Additional requirements for capacitor voltage transformers 

 
 

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

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

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

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

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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

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

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

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

This International Standard IEC 61869-5 specific clauses for capacitor voltage transformers 
has been prepared by IEC technical committee 38: Instrument transformers. 

This standard replaces IEC 60044-5 regarding capacitor voltage transformers as well as IEC-
PAS 60044-5 for capacitor voltage transformers. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

38/411/FDIS 38/414/RVD 

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

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

This standard is Part 5 of IEC 61869, published under the general title Instrument 
transformers. 

This part 5 is to be read in conjunction with, and is based on, IEC 61869-1, General 
Requirements – first edition (2007) – however the reader is encouraged to use its most recent 
edition. 

This Part 5 follows the structure of IEC 61869-1 and supplements or modifies its 
corresponding clauses.  

When a particular clause/subclause of Part 1 is not mentioned in this Part 5, that 
clause/subclause applies as far as is reasonable. When this standard states “addition”, 
“modification” or “replacement”, the relevant text in Part 1 is to be adapted accordingly. 

For additional clauses, subclauses, figures, tables, annexes or note, the following numbering 
system is used: 

– clauses, subclauses, tables and figures and notes that are numbered starting from 501 are 
additional to those in Part 1; 

– additional annexes are lettered 5A, 5B, etc. 

An overview of the planned set of standards at the date of publication of this document is 
given below. The updated list of standards issued by IEC TC38 is available at the website: 
www.iec.ch. 
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INDUCTIVE VOLTAGE TRANSFORMERS 
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61869-4 ADDITIONAL REQUIREMENTS FOR 
COMBINED TRANSFORMERS 
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FOR 
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61869-13 STAND ALONE MERGING UNIT  

 

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

The contents of the corrigendum of August 2015 have been included in this copy. 
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INSTRUMENT TRANSFORMERS –  
 

Part 5: Additional requirements for capacitor voltage transformers 
 
 
 

1 Scope 

This part of IEC 61869 applies to new single-phase capacitor voltage transformers connected 
between line and ground for system voltages Um ≥ 72,5 kV at power frequencies from 15 Hz 
to 100 Hz. They are intended to supply a low voltage for measurement, control and protective 
functions.  

The capacitor voltage transformer can be equipped with or without carrier-frequency 
accessories for power line carrier-frequency (PLC) application at carrier frequencies from  
30 kHz to 500 kHz. 

The base requirements for coupling capacitors and capacitors dividers are defined in 
IEC 60358. The transmission requirements for coupling devices for power line carrier (PLC) 
system are defined in IEC 60481. 

The measurement application includes both indication measuring and revenue measuring. 

NOTE 501 Diagrams of capacitor voltage transformer to which this standard applies are given in Figures 5A.1 and 
5A.2. 

2 Normative references 

Clause 2 of IEC 61869-1:2007 is applicable with the following additions: 

IEC 61869-1:2007, Instrument transformers – Part 1: General requirements 

IEC 60038 ed7.0 (2009-06) – IEC standard voltages 

IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test requirements 

IEC 60050-436, International Electrotechnical Vocabulary (IEV) – Chapter 436: Power 
capacitors 

IEC 60050-601, International Electrotechnical Vocabulary (IEV) – Chapter 601: Generation, 
transmission and distribution of electricity – General 

IEC 60050-604, International Electrotechnical Vocabulary (IEV) – Chapter 604: Generation, 
transmission and distribution of electricity – Operation  

IEC 60358, Coupling capacitors and capacitor dividers 

IEC 60481, Coupling devices for power line carrier systems 

3 Terms and Definitions 

For the purpose of this document, the terms and definitions of IEC 61869-1 apply with the 
following additions: 

Full document details: IEC 61869-5 2011
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3.1 General definitions 

3.1.501 
capacitor voltage transformer  
CVT 
voltage transformer comprising a capacitor divider unit and an electromagnetic unit so 
designed and interconnected that the secondary voltage of the electromagnetic unit is 
substantially proportional to the primary voltage, and differs in phase from it by an angle 
which is approximately zero for an appropriate direction of the connections.  

[IEC 60050-321:1986, 321-03-14, modified] 

3.1.502 
measuring voltage transformer 
voltage transformer intended to transmit an information signal to measuring instruments, 
integrating meters and similar apparatus 

[IEC 60050-321:1986 , 321-03-04 modified] 

3.1.503 
protective voltage transformer 
voltage transformer intended to transmit an information signal to electrical protective and 
control devices  

[IEC 60050-321:1986 , 321-03-05] 

3.1.504 
secondary winding 
winding which supplies the voltage circuits of measuring instruments, meters, protective or 
control devices  

[IEC 60050-321:1986, 321-01-07 modified] 

3.1.505 
residual voltage winding 
winding of a single-phase capacitor voltage transformer intended, in a set of three single-
phase transformers, for connection in broken delta for the purpose of producing a residual 
voltage under earth-fault conditions. 

[IEC 60050-321:1986, 321-03-11] 

3.1.506 
rated temperature category of a capacitor voltage transformer 
range of temperature of the ambient air or of the cooling medium for which the capacitor 
voltage transformer has been designed 

3.1.507 
line terminal 
terminal intended for connection to a line conductor of a network  

[IEC 60050-436:1986, 436-03-01] 

3.1.508 
ferro-resonance 
sustained resonance of a circuit consisting of a capacitance with a non-linear saturable 
magnetic inductance and a voltage ac-source for excitation 

NOTE 501 The ferro-resonance can be initiated by switching operations on the primary side or secondary side. 
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3.1.509 
transient response 
measured fidelity of the secondary-voltage waveform, compared with the voltage waveform at 
the high-voltage terminal under transient conditions 

3.1.510 
voltage-connected CVT 
CVT which has only one connection to the high voltage line 

NOTE 501 Under normal conditions the top connection carries only the current of the capacitor voltage 
transformer. 

3.1.511 
current-connected CVT 
CVT which has two connections to the high voltage line 

NOTE 501 The terminals and the top connection are designed to carry the line current under normal conditions. 

3.1.512 
line trap-connected CVT 
CVT which supports a line trap on its top 

3.1.513 
capacitor 
two terminal device characterized essentially by its capacitance 

[IEC 60050-151:2001, 151-13-28] 

3.1.514 
(capacitor) element 
device consisting essentially of two electrodes separated by a dielectric  

[IEC 60050-436:1986, 436-01-03] 

3.1.515 
(capacitor) unit 
assembly of one or more capacitor elements in the same container with terminals brought out  

[IEC 60050-436:1986, 436-01-04] 

NOTE 501 A common type of unit for coupling capacitors has a cylindrical housing of insulating material and 
metallic flanges which serve as terminals. 

3.1.516 
(capacitor) stack 
an assembly of capacitor units connected in series 

[IEC 60050-436:1986, 436-01-05] 

NOTE 501 The capacitor units are usually mounted in a vertical array. 

3.1.517 
capacitor voltage divider 
capacitor stack forming an alternating voltage divider  

[IEC 60050-436:1986, 436-02-10] 

3.1.518 
rated capacitance of a capacitor  
Cr 
the capacitance value for which the capacitor has been designed 
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NOTE 501 This definition applies: 

• for a capacitor unit, to the capacitance between the terminals of the unit; 

• for a capacitor stack, to the capacitance between line and low voltage terminals or between line and earth 
terminals of the stack; 

• for a capacitor divider, to the resultant capacitance: Cr =C1 x C2/(C1 + C2).  

3.1.519 
coupling capacitor 
capacitor used for the transmission of signals in a power system  

[IEV 60050-436:1986, 436-02-11] 

3.1.520 
high voltage capacitor (of a capacitor divider) 
C1 
capacitor connected between the high voltage terminal and the intermediate voltage terminal 
of a capacitor divider  

[IEC 60050-436:1986, 436-02-12] 

3.1.521 
intermediate voltage capacitor (of a capacitor divider) 
C2 
capacitor connected between the intermediate voltage and the low voltage terminals of a 
capacitor divider  

[IEC 60050-436:1986, 436-02-13] 

3.1.522 
intermediate voltage terminal (of a capacitor divider) 
terminal intended for connection to an intermediate circuit such as the electromagnetic unit of 
a capacitor voltage transformer  

[IEC 60050-436:1986, 436-03-03] 

3.1.523 
low voltage terminal of a capacitor divider 
terminal intended for connection to earth either directly or via an impedance of negligible 
value at network frequency. 

NOTE 501 in a coupling capacitor, this terminal is connected to the signal transmitting device. 

[IEC 60050-436:1986, C 436-03-04] 

3.1.524 
capacitance tolerance 
permissible difference between the actual capacitance and the rated capacitance under 
specified conditions  

[IEC 60050-436:1986, 436-04-01] 

3.1.525 
equivalent series resistance of a capacitor 
virtual resistance which, if connected in series with an ideal capacitor of capacitance value 
equal to that of the capacitor in question, would have a power loss equal to the active power 
dissipated in that capacitor under specified operating conditions at a given high frequency 
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3.1.526 
high frequency capacitance (of a capacitor) 
effective capacitance at a given frequency resulting from the joint effect of the intrinsic 
capacitance and the self-inductance of the capacitor  

[IEC 60050-436:1986, 436-04-03] 

3.1.527 
intermediate voltage of a capacitor divider  
UC 
voltage between the intermediate voltage terminal of the capacitor divider and the low voltage 
terminal, when the primary voltage is applied between the high and low voltage terminals or 
high voltage terminal and earth terminal 

3.1.528 
voltage ratio (of a capacitor divider) 
KC 
ratio of the voltage applied to the capacitor divider to the open-circuit intermediate voltage  

[IEC 60050-436:1986, 436-04-05] 

NOTE 501 This ratio corresponds to the sum of the capacitances of the high voltage and intermediate voltage 
capacitors divided by the capacitance of the high voltage capacitor: (C1 + C2) / C1 = KC. 

NOTE 502 C1 and C2 include the stray capacitances, which are generally negligible. 

3.1.529 
capacitor losses 
active power dissipated in the capacitor  

[IEC 60050-436:1986, 436-04-10] 

3.1.530 
tangent of the loss angle (tanδ) of a capacitor 
ratio between the active power Pa and the reactive power Pr: tanδ = Pa/Pr 

3.1.531 
temperature coefficient of capacitance  
TC 
fractional change of the capacitance for a given change in temperature:  







×∆
∆

=
° KCT

CT 1
20

C  

∆C represents the observed change in capacitance over the temperature interval ∆T 

C20° represents the capacitance measured at 20 °C 

NOTE 501 The term ∆C/∆T according to this definition is usable only if the capacitance is an approximate linear 
function of the temperature in the range under consideration. If not, the temperature dependency of the 
capacitance should be shown in a graph or a table. 

3.1.532 
stray capacitance of the low voltage terminal 
stray capacitance between the low voltage terminal and the earth terminal 

3.1.533 
stray conductance of the low voltage terminal 
stray conductance between the low voltage terminal and the earth terminal 

Full document details: IEC 61869-5 2011

http://www.avadocuments.com/doc/iec-61869-5-2011
http://www.avadocuments.com/doc/iec-61869-5-2011


61869-5  IEC:2011 – 13 – 

3.1.534 
dielectric of a capacitor 
insulating material between the electrodes 

3.1.535 
electromagnetic unit 
component of a capacitor voltage transformer, connected between the intermediate voltage 
terminal and the earth terminal of the capacitor divider (or possibly directly connected to earth 
when a carrier-frequency coupling device is used) which supplies the secondary voltage 

NOTE 501 An electromagnetic unit typically comprises a transformer to reduce the intermediate voltage to the 
required value of secondary voltage, and a compensating inductance. The reactance L·(2πfR) of the compensating 
inductance must be approximately equal at rated frequency fR to the capacitive reactance  
1/[2πfR·(C1+C2)] of the two parts of the divider connected in parallel. The compensating inductance may be 
incorporated wholly or partially in the transformer. 

3.1.536 
intermediate transformer 
voltage transformer in which the secondary voltage, in normal conditions of use, is 
substantially proportional to the primary voltage 

3.1.537 
compensating inductance  
L 
inductance which is usually connected between the intermediate terminal and the high voltage 
terminal of the primary winding of the intermediate transformer or between earth terminal and 
the earth-side terminal of the primary winding of the intermediate transformer or incorporated 
in the primary and secondary windings of the intermediate transformer 

NOTE 501 The design value L of the inductance is: 
2

R21 )2()(
1

fCC
L

π×+
=   

3.1.538 
damping device 
device incorporated in the electromagnetic unit for the purposes of: 

a) limiting overvoltages which may appear across one or more components; 
b) and/or to prevent sustained ferro-resonance; 
c) and or to achieve a higher performance of the transient response of the capacitor voltage 

transformer 

3.1.539 
carrier-frequency accessories 
circuit element intended to permit the injection of carrier frequency signal and which is 
connected between the low voltage terminal of a capacitor divider unit and earth, having an 
impedance which is insignificant at power frequency, but appreciable at the carrier frequency 
(see Figure 5A.2) 

3.1.540 
drain coil 
inductance which is connected between the low voltage terminal of a capacitor divider and 
earth, and whose impedance is insignificant at power frequency, but has a high value at the 
carrier frequency 

3.1.541 
voltage limitation element 
element connected across the drain coil or between low voltage terminal of the capacitor 
voltage divider and earth to limit the transient overvoltages which may appear across the 
drain coil 
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NOTE 501 Examples of possible overvoltage causes are: 

a) short circuit between the high-voltage terminal and earth; 

b) in the case where an impulse voltage is applied between the high voltage terminal and earth; 

c) line disconnectors operation. 

3.1.542 
carrier earthing switch 
switch for earthing, when necessary, of the low voltage terminal 

3.2 Definitions related to dielectric ratings and voltages 

3.2.501 
rated primary voltage  
UPr 
value of the primary voltage which appears in the designation of the voltage transformer and 
on which its performance is based  

[IEC 60050-321:1986, C321-01-12] 

3.2.502 
rated secondary voltage  
USr 
value of the secondary voltage which appears in the designation of the voltage transformer 
and on which its performance is based  

[IEC 60050-321:1986, C 321-01-16] 

3.2.503 
rated voltage factor  
FV 
multiplying factor to be applied to the rated primary voltage UPr to determine the maximum 
voltage at which a transformer must comply with the relevant thermal requirements for a 
specified time and with the relevant accuracy requirements 

[IEC 60050-321:1986, C 321-03-12] 

3.4 Definitions related to accuracy 

3.4.3 
ratio error  
ε 
subclause 3.4.3 of IEC 61869-1 is applicable with the following additional note: 

NOTE 501 This definition for steady state conditions is only related to components at rated frequency of both 
primary and secondary voltages, and does not take into account direct voltage components and residual voltages. 

voltage error ][100 %  
U

 UUk   ε  
U ×

−
=

×

P

PSr  

where: 
kr  is the rated transformation ratio, 
UP  is the actual primary voltage, and 
US  is the actual secondary voltage when UP is applied under the conditions of measurement. 
 

3.5 Definitions related to other ratings 

3.5.501 
thermal limiting output 
value of the apparent power in volt-amperes referred to rated voltage which can be taken from 
a secondary winding, at rated primary voltage applied, without exceeding the limits of 
temperature rise  
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3.5.502 
rated frequency range 
range of frequency for which the rated accuracy class is applicable 

3.7 Index of abbreviations  

Subclause 3.7 of IEC 61869-1 is replaced by the following: 

IT Instrument Transformer 

CT Current Transformer 

CVT Capacitive Voltage Transformer 

VT Voltage Transformer 

GIS Gas-Insulated Switchgear 

AIS Air-Insulated Switchgear 

PLC Power Line Carrier 

k actual transformation ratio 

kr rated transformation ratio  

ε ratio error 

Δφ phase displacement  

Sr rated output  

Usys highest voltage for system  

Um highest voltage for equipment  

fR rated frequency  

Frel relative leakage rate  

C1 high voltage capacitor (of a capacitive divider) 

C2 intermediate voltage capacitor (of a capacitive divider) 

Cr rated capacitance of a capacitor 

F mechanical load  

FV rated voltage factor 

KC voltage ratio (of a capacitive divider) 

L Compensating inductance 

tanδ tangent of loss angle of a capacitor 

TC temperature coefficient of capacitance 

UC intermediate voltage of a capacitive divider 

UP (t) actual primary voltage 

UPr rated primary voltage 

US (t) actual secondary voltage 

USr rated secondary voltage 

εU voltage ratio error  

5 Ratings 

Clause 5 of IEC 61869-1 is applicable with the following modifications: 
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NOTE 501 Please note that additional voltage ratings, to be considered together with Subclause 5.2: Highest 
voltage for equipment, are given in 5.501: Standard values of rated voltages. In future revisions of IEC 61869 the 
layout of this subclause will be rearranged. 

5.3 Rated insulation levels 

5.3.3 Other requirements for primary terminals insulation 

5.3.3.1 Partial discharges 

Subclause 5.3.3.1 of IEC 61869-1 is applicable with the following addition: 

Table 3 is applicable also to CVT. 

5.3.3.2 Chopped lightning impulse 

Subclause 5.3.3.2 of IEC 61869-1 is applicable with the following additional sentence: 

In the case of CVTs, capacitor dividers and capacitor units, this test is a mandatory type test 
in order to check the design of the internal serial connections of the capacitor elements. 

5.3.3.3 Capacitance and dielectric dissipation factor 

Subclause 5.3.3.3 of IEC 61869-1 is applicable with the following subclauses: 

5.3.3.3.501 Capacitance at power frequency 

The capacitance C of a unit, a stack and a capacitor voltage divider, measured at UPr and 
ambient temperature, shall not differ from the rated capacitance by more than −5 % to +10 %. 
The ratio of the capacitances of any two units forming part of a capacitor stack shall not differ 
by more than 5 % from the reciprocal ratio of the rated voltages of the units. 

5.3.3.3.502 Dielectric dissipation factor of the capacitor at power frequency 

Acceptable values of dissipation factor, expressed as tanδ measured at UPr are as follows: 

• Paper: ≤5 x10–3 

• Mixed: film-paper-film and paper-film-paper  ≤2 x10–3 

• Film: ≤1 x10–3 
NOTE 501 tanδ values are for dielectrics which are impregnated with mineral or synthetic oil and at 20 °C (293 K). 

5.3.3.501 Low voltage terminal of the capacitor voltage divider 

Capacitor voltage dividers with a low-voltage terminal shall be subjected for 1 min to a test 
voltage between the low-voltage and earth terminals. The test voltage shall be an a.c. voltage 
of 4 kV (r.m.s. value). 

5.3.3.502 Low voltage terminal exposed to weather 

If the low voltage terminal is exposed to the weather, it shall be subjected for 1 min to an a.c. 
voltage of 10 kV (r.m.s. value) between the low-voltage and earth terminals. 

− During this test the electromagnetic unit is not disconnected. 

NOTE 501 The test voltages are applicable to capacitor voltage transformers with and without carrier-
frequency accessories with overvoltage protection. 

− If a protection gap between the low voltage terminal and earth is incorporated, it should be 
prevented from functioning during the tests. The carrier frequency accessories should be 
disconnected during the tests. 
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− If the test voltage is too low for the insulation coordination of the carrier-frequency 
accessories with the low voltage terminal, a higher value may be agreed upon the request 
of the purchaser. 

5.3.5 Insulation requirements for secondary terminals 

5.3.501 Electromagnetic unit insulation requirements 
a) The rated lightning impulse withstand voltage of the electromagnetic unit shall be equal to 

the: 

test impulse voltage of the CVT x 
21

1
CC

C
+

 (peak) 

b) The rated short-duration power-frequency withstand voltage of the electromagnetic unit 
shall be equal to: 

UPr x 3,3 x 
21

1
CC

C
+

 (r.m.s.) 

NOTE 501 The tests a) can be performed on a complete capacitor voltage transformer. 

NOTE 502 For the test b) the electromagnetic unit may be disconnected from the capacitor divider. 

NOTE 503 The factor 3,3 is fixed for all Um values and covers the worst case. (The factor  

kV145

kV2753

kV72,5

kV140
33,3

×
≈×=  is the correlation factor between a.c. test voltage and Um.). 

5.4 Rated frequency 

Subclause 5.4 of IEC 61869-1 is applicable with the following additions: 

For measuring accuracy classes, the rated frequency range is from 99 % to 101 % of the 
rated frequency. 

For protective accuracy classes, the rated frequency range is from 96 % to 102 % of the rated 
frequency. 

5.5 Rated output  

5.5.501 Rated output values 

The preferred values of rated output at a power factor of 1, expressed in volt-amperes, are: 

1,0  -  2,5  -  5,0  -  10 VA   (burden range I) 

where the accuracy is specified from 0 % to 100 % of the rated burden. 

The preferred values of rated output at a power factor of 0,8 lagging, expressed in volt-
amperes, are: 

10  -  25  -  50  -  100 VA   (burden range II) 

where the accuracy is specified from 25 % to 100 % of the rated burden. 

NOTE 501 For a given transformer, provided one of the values of rated output is standard and associated with a 
standard accuracy class, the declaration of other rated outputs, which may be non-standard values but associated 
with other standard classes, is not precluded. 
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5.5.502 Rated thermal limiting output 

The rated thermal limiting output shall be specified in volt-amperes; the preferred values are 

25 - 50 - 100 VA 

and their decimal multiples, related to the rated secondary voltage with unity power factor. 

NOTE 501 In this condition the limits of error may be exceeded. 

NOTE 502 In the case of more than one secondary winding, the thermal limiting output is to be given separately 
for each winding. 

NOTE 503 The rated thermal limiting output is specified and tested on a single winding, with the other winding(s) 
open; therefore when making use of thermal limiting output ratings, the simultaneous use of more than one winding 
should be carefully considered and/or agreed with the manufacturer. See also 7.2.2.501. 

5.5.503 Rated output values for residual voltage windings 

The rated output of windings intended to be connected in broken delta with similar windings to 
produce a residual voltage shall be specified in voltamperes and the value shall be chosen 
from the values specified in 5.5.501. 

5.5.504 Rated thermal limiting output for residual voltage windings 

For residual voltage windings, the rated thermal output should be referred to a duration of 8 h 
at the rated voltage factor. 

NOTE 501 Since the residual voltage windings are connected in broken delta, these windings are only loaded 
under fault conditions.  

5.6 Rated accuracy class  

5.6.501 Accuracy requirements for measuring capacitor voltage transformer  

5.6.501.1 Accuracy class designation 

For measuring capacitor voltage transformers, the accuracy class is designated by the 
highest permissible percentage voltage error at rated voltage and with rated burden, 
prescribed for the accuracy class concerned. 

5.6.501.2 Standard accuracy classes 

The standard accuracy classes for single-phase metering capacitor voltage transformers are: 

0,2 – 0,5 – 1,0 – 3,0 

5.6.501.3 Limits of voltage error and phase displacement 

The voltage error and phase displacement shall not exceed the values given in Table 501 
(see also Figure 501) for the appropriate accuracy class at any value of temperature and 
frequency within the reference ranges and with burdens from 0 % to 100 % of rated value for 
rated burden range I or with burdens from 25 % to 100 % of rated value for rated burden 
range II. The errors shall be determined at the terminals of the capacitor voltage transformer 
and shall include the effects of any fuses or resistors, when provided as an integral part of the 
CVT. 

For transformers with tappings on the secondary winding, the accuracy requirements refer to 
the highest transformation ratio, unless otherwise specified. 
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Table 501 – Limits of voltage error and phase displacement 
for measuring capacitor voltage transformers 

Accuracy 
class 

Voltage (ratio) error εu Phase displacement Δφ 

± % ± Minutes ± Centiradians  

0,2 

0,5 

1,0 

3,0 

0,2 

0,5 

1,0 

3,0 

10 

20 

40 

Not specified 

0,3 

0,6 

1,2 

Not specified 
 

NOTE 501 The input burden of a compensated bridge is very low (≈ 0) (i.e. the input impedance is very high). 

NOTE 502 The power factor of the rated burden is in accordance with 5.5. 

NOTE 503 For CVT’s having two or more secondary windings if one of the windings is loaded only occasionally 
for short periods or only used as a residual voltage winding, its effect upon other windings may be neglected. 

 

 

–1,0  

–0,5 

–0,2  

0,2 

0,5 

1,0 

10 20 40 –10 –20 –40 ∆ϕ  (min) 

ευ  (%) 

 

Figure 501 – Error diagrammeme of a capacitor voltage transformer  
for accuracy classes 0,2, 0,5 and 1,0 

5.6.502 Accuracy requirements for protective capacitor voltage transformers  

5.6.502.1 Accuracy class designation 

The accuracy class for a protective capacitor voltage transformer is designated by the highest 
permissible percentage voltage error prescribed for the accuracy class concerned, from 5 % 
of rated voltage to a voltage corresponding to the rated voltage factor (see 5.3.503). This 
expression is followed by the letter “P” (see Table 502).  

In 6.503.3 three additional classes for transient performance are introduced: T1, T2 and T3. 
This designation shall follow the designation of the accuracy class. Class 3PT1, for example, 
incorporates the performance of accuracy class 3P and transient performance class T1 (see 
Table 507). 

5.6.502.2 Standard accuracy classes 

The standard accuracy classes for protective capacitor voltage transformers are "3P" and 
"6P“. 

IEC   1309/11 
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5.6.502.3 Limits of voltage error and phase displacement 

The voltage error and phase displacement shall not exceed the values given in Table 502 for 
the appropriate accuracy class at 2 % and 5 % rated voltage and rated voltage multiplied by 
the rated voltage factor (1,2, 1,5 or 1,9), and at any value of temperature and frequency within 
the reference ranges and with burdens from 0 % to 100 % of rated value for burden range I or 
with burdens from 25 % to 100 % of rated value for burden range II. 

NOTE 501 The power factor of rated burden is in accordance with 5.5.  

NOTE 502 Where transformers have different error limits at 5 % of rated voltage and at the upper voltage limit 
(i.e. voltage corresponding to rated voltage factor 1,2, 1,5, 1,9), agreement should be made between manufacturer 
and purchaser. 

Table 502 – Limits of voltage error and phase displacement  
for protective capacitor voltage transformers 

Protection 
classes 

% of rated voltage 

2 5 100 X 2 5 100 X 2 5 100 X 

Voltage (ratio) error εu   
± % 

Phase displacement, Δφ 
± Minutes  

Phase displacement, Δφ  
± Centiradians 

3P 6,0 3,0 3,0 3,0 240 120 120 120 7,0 3,5 3,5 3,5 

6P 12,0 6,0 6,0 6,0 480 240 240 240 14,0 7,0 7,0 7,0 

NOTE X = FV·100 (rated voltage factor multiplied by 100). 

 

5.6.502.4 Accuracy class for secondary windings of protective CVT intended to 
produce residual voltage 

The accuracy class for a residual voltage winding shall be 3P or 6P as defined in 5.6.502.3. 

5.501 Standard values of rated voltages 

5.501.1 Rated primary voltages UPr 

The standard values of rated primary voltage of a capacitor voltage transformer connected 
between one line of a three-phase system and earth or between a system neutral point and 
earth shall be 1/ 3  times the values of rated system voltage. 

Preferred values are given in IEC 60038. 

NOTE 501 The performance of a capacitor voltage transformer as a measuring or protection transformer is based 
on the rated primary voltage UPr whereas the rated insulation level is based on one of the highest voltages for 
equipment Um of IEC 60071-1. 

5.501.2 Rated secondary voltages USr 

The rated secondary voltage USr shall be chosen according to the practice at the location 
where the transformer is to be used. The values given below are considered standard values 
for capacitor voltage transformers connected between one phase and earth in three-phase 
systems. 

1) 100
3

 V and 110
3

 V; 

2) Based on the current practice in some countries: 
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115
3

 V for transmission systems. 

5.501.3 Rated voltages for secondary winding intended to produce a residual 
voltage 

Rated secondary voltages of windings intended to be connected in broken delta with similar 
windings to produce a residual voltage are given in Table 503. 

Table 503 – Rated secondary voltages for capacitor voltage transformers 
to produce a residual voltage 

Preferred values 

V 

Alternative values (non-preferred)  

V 

100 110 200 

100

3
 

110

3
 

200

3
 

100

3
 

110

3
 

200

3
 

NOTE Where system conditions are such that the preferred values of rated secondary voltages 
would produce a residual voltage that is too low, the non-preferred values may be used, but attention 
is drawn to the need to take precautions for the purpose of safety. 

 

5.501.4 Standard values of rated voltage factor 

The voltage factor is determined by the maximum operating voltage which, in turn, is 
dependent on the system earthing conditions. 

The standard voltage factors appropriate to the different earthing conditions are given in  
Table 504, together with the permissible duration of maximum operating voltage (i.e. rated 
time). 

Table 504 – Standard values of rated voltage factors 
for accuracy and thermal requirements 

Rated voltage 
factor 

FV 
Rated time Method of connecting the primary terminal 

 and system earthing conditions 

1,2 

1,5 

Continuous 

30 s 

Between phase and earth in an effectively 
earthed neutral system (see 3.2.7a of IEC 61869-1) 

1,2 

1,9 

Continuous 

30 s 

Between phase and earth in a non-effectively earthed 
neutral system  ( see 3.2.7b of IEC 61869-1) with automatic earth-fault 

tripping. 

1,2 

1,9 

Continuous 

8 h 

Between phase and earth in an isolated neutral system (see 3.2.4 of 
IEC 61869-1) 

without automatic earth-fault tripping or in a resonant earthed 
system (see 3.2.5 of IEC 61869-1) without automatic earth-fault tripping. 

NOTE 1 Reduced rated times are permissible by agreement between manufacturer and user. 

NOTE 2 The thermal and accuracy requirements of a capacitor voltage transformer are based on the primary rated 
voltage whereas the rated insulation level is based on the highest voltage for equipment Um (IEC 60071-1). 
NOTE 3 The maximum operating voltage of a capacitor voltage transformer must be lower or equal to the highest 
voltage of equipment Um/√3 or the rated primary voltage UPr multiplied with the rated voltage factor 1,2 for continuous 
service, whichever is the lowest. 
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6 Design and construction 

Clause 6 of IEC 61869-1 is applicable with the following modifications: 

6.1 Requirements for liquids used in equipment 

6.1.4 Liquid tightness 

6.1.4.501 Tightness of capacitor voltage divider 

A capacitor unit or the complete assembled capacitor voltage divider shall be tight in the full 
temperature range specified for the applicable temperature category. 

6.1.4.502 Tightness of electromagnetic unit 

The electromagnetic unit shall be tight in the full temperature range specified for the 
applicable temperature category. 

6.7 Mechanical requirements 

IEC 61869-1 is applicable with the following additional notes: 

NOTE 501 This requirement does not apply to suspended capacitor voltage transformers. 

NOTE 502 The suspension system of a capacitor voltage transformer or of a capacitor divider should be so 
designed to withstand a tensile stress of at least the mass in kilograms of a capacitor voltage transformer or of a 
capacitor divider, with a safety factor of 2,5, multiplied by 9,81 to get the corresponding force in Newtons. 

NOTE 503 If the capacitor voltage transformer is used to support a line trap, other test loads should be agreed 
between manufacturer and purchaser. 

6.8 Multiple chopped impulse on primary terminals  

This subclause is not applicable for capacitor voltage transformers. 

6.9 Internal arc fault protection requirements  

This subclause is not applicable for capacitor voltage transformers. 

6.13 Markings 

Subclause 6.13 of IEC 61869-1 is applicable with the following additional text and subclauses: 

The following information shall be given on the rating plate of each capacitor unit: 

1) manufacturer; 
2) serial number and year of manufacture; 
3) rated capacitance Cr in picofarads. 

6.13.501 Terminal markings 

Terminal markings shall be in accordance with Figures 502, 503, 504 and 505. 
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Figure 502 – Capacitor voltage transformer 

with a single secondary 
Figure 503 – Capacitor voltage transformer 

with two secondaries 
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Figure 504 – Capacitor voltage transformer 
with two tapped secondaries 

Figure 505– Capacitor voltage transformer 
with one residual voltage winding and a 

single secondary 

6.13.502 Rating plate markings 

See Table 505 for rating plate markings. 

Table 505 – Marking of the rating plate 

No. Rating Abbre- 
viation 

M-CVT (M + P)- 
CVT 

Clause/ 
subclause 

1  Manufacturer’s 
name or abbreviation 

 
 

 
X 

 
X 

6.13 (a) 

of IEC 61869-1 

2  Indication: 
capacitor voltage 
transformer 

 
 

 
X 

 
X 

6.13 (b) 

of IEC 61869-1 

3  Type, designation  X X 6.13 (b) 

of IEC 61869-1 

4  Year of manufacture  X X 6.13 (b) 

of IEC 61869-1 

5  Serial number  X X 6.13 (b) 

of IEC 61869-1 

6  Highest voltage 
for equipment 

 
Um [kV] 

 
X 

 
X 

6.13 (d) 

of IEC 61869-1 

7  Rated insulation 
level based on Um 
SIL /BIL /AC e.g. 
 Um < 300 kV 
 Um > 300 kV 
 

 X X 6.13 (e) 

of IEC 61869-1 

IEC   1310/11 

IEC   1311/11 

IEC   1312/11 IEC   1313/11 

Full document details: IEC 61869-5 2011

http://www.avadocuments.com/doc/iec-61869-5-2011
http://www.avadocuments.com/doc/iec-61869-5-2011


 – 24 – 61869-5  IEC:2011 

No. Rating Abbre- 
viation 

M-CVT (M + P)- 
CVT 

Clause/ 
subclause 

8 Rated frequency [ ]HzfR  X X 5.4 

9 Rated voltage factor  
continuous time of operation 
short time of operation 

FV  
X 
X 

 
X 
X 

5.3.503 

10 Rated capacitance of the 
capacitor divider 

 
[ ]pFCr  

 
X 

 
X 

 
3.1.518 

 
11 

Rated capacitance of the high 
voltage capacitor  

 
[ ]pFC1  

 
X 

 
X 

 
3.1.518 

12 Rated capacitance of the 
intermediate voltage capacitor  

 
[ ]pFC2  

 
X 

 
X 

 
3.1.518 

13 Number of capacitor units  X X 3.1.515 

14 Serial number of capacitor 
units 

 X X 6.13 (b) 

of IEC 61869-1 

15 Ambient temperature 
categories 

  
X 

 
X 

6.13 (f) 

of IEC 61869-1 
 

 
16  

Capacitor divider: 
insulation oil 
(mineral or synthetic oil) 

Type 
Mass 
[kg] 

 
X 

 
X 

 

 
17  

 

Electromagnetic unit: 
insulation oil 
(mineral or synthetic oil) 

Type 
Mass 
[kg] 

 
X 

 
X 

 

18 Mass of complete CVT [kg] X X 6.13 (g) 

of IEC 61869-1 

19 Standard  
edition (year) 

IEC 
61869-5 
(200X) 

 
X 

 
X 

 
- 

20  Current I: 
connection A1- A2 

Ι [A] 
A1 – A2 

 
X 

 
X 

 
3.1.511 

21 Rated primary voltage and 
terminals identification  

A – N 
 UPr (V) 

X X 3.2.501 
6.13.501 

 
22 

Indication of each secondary 
Winding terminal 

1a – 1n 
2a – 2n 
3a – 3n 

 
X 

 
X 6.13.501 

23 Voltage of each secondary 
winding 

USr (V) X X 5.3.502.2 

24 Values of rated output VA X X 5.5.501 

25 Accuracy class M X  5.6.501.2 

 
26 

 
Accuracy class 

M 
P  

 
X 

 
X 

5.6.501.2 
5.6.502.2 

27 Maximum simultaneous output 
for windings of a complete CVT 
regarding the accuracy class 

VA 
 M 

 
X 

 
 

 
5.6.501.2 

 VA 
 P 

  
X 

 
5.6.502.2 

VA 
 M 

 
VA 
 P 

 X 
 
 
 

X 

 
5.6.501.2 

 
 

5.6.502.2 

28 Thermal limiting output  VA X X 5.5.502 

29 Transient response classes   X 6.503.3 
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No. Rating Abbre- 
viation 

M-CVT (M + P)- 
CVT 

Clause/ 
subclause 

30 Carrier-frequency 
accessories 
Drain coil 
Voltage limitation device 
BIL 1,2 / 50 µs 

 
 

mH 
kV 

 
 

X 
X 

 
 

X 
X 

 
6.504.2 
6.504.3 

NOTE 1 Meaning of abbreviations: 
M for measuring 
P for protection 
(M + P) for measuring and protection 
BIL: Basic impulse insulation level (ref. to 5.2 Table 2, column 3 of IEC 61869-1)) 
SIL: Switching impulse level (ref. to 5.2 Table 2, column 4 of IEC 61869-1) 
NOTE 2 The items concerning the carrier frequency accessories may appear in an additional 
plate. 

 
For voltage transformers belonging to burden range I, this rating shall be indicated 
immediately before the burden indication (for example, 0 VA-10 VA class 0,2).
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An example of a typical rating plate is given in Figure 506. 

 

Figure 506 – Example of a typical rating plate 
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6.501 Short circuit withstand capability 

The capacitor voltage transformer shall be designed and constructed to withstand without 
damage, when energized at rated voltage, the mechanical, electrical and thermal effects of an 
external short-circuit at the secondary winding(s) for the duration of 1 s. 

6.502 Ferro-resonance 

6.502.1 General 

The capacitor voltage transformer shall be designed and constructed to prevent sustained 
ferro-resonance oscillations. 

6.502.2 Transients of ferro-resonance oscillations 

The transient of the ferro-resonance oscillation is defined by the following formula: 

P

P)S(r

r

P

r

P
)S(

F
2

2ˆ

2

2ˆ

ˆ F
F

U

UUk

k

U

k

U
U

ε Tt
Tt

×

×−×
=

×

×
−

= =
=

 

Maximum instantaneous error Fε̂  after duration time TF 

where 

Fε̂  is the maximum instantaneous error 

ÛS is the secondary voltage (peak) 

UP is the primary voltage (r.m.s.) 

UPr is the rated primary voltage (r.m.s.) 

kr is the transformation ratio 

TF is the duration of ferro-resonance  

t        is the running time of the ferro-resonance oscillation test. 

At any voltage below FV·UPr and at any burden between 0 and rated burden, after inception of 
the ferro-resonance of the CVT by switching operations or transients on the primary or 
secondary terminals, the ferro-resonance oscillations shall not be sustained. The maximum 

instantaneous error Fε̂  after specified duration TF is given in Tables 506a and 506b: 

a) Effectively earthed neutral system (see IEC 61869-1 clause 4.4) 

Table 506a – Ferro-resonance requirements 

Primary voltage Up 

(r.m.s.) 

Ferro-resonance 
oscillation 
duration TF 

s 

Error Fε̂  

after duration TF  
 % 

0,8 ⋅ UPr  ≤ 0,5 ≤ 10 

1,0 ⋅ UPr  ≤ 0,5 ≤ 10 

1,2 ⋅ UPr  ≤ 0,5 ≤ 10 

1,5 ⋅ UPr  ≤ 2 ≤ 10 
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b) Non-effectively earthed neutral system or isolated neutral system (see IEC 61869-1, 
Subclause 4.4) 

Table 506b – Ferro-resonance requirements 

Primary voltage Up 

(r.m.s.) 

Ferro-resonance 
oscillation duration TF 

s 

Error Fε̂  
after duration TF  

 % 

0,8 ⋅ UPr  ≤ 0,5 ≤ 10 

1,0 ⋅ UPr  ≤ 0,5 ≤ 10 

1,2 ⋅ UPr  ≤ 0,5 ≤ 10 

1,9 ⋅ UPr  ≤ 2 ≤ 10 

 

6.503 Transient response 

6.503.1 General 

The characteristic of the transient response is given by the ratio of the secondary voltage 
US(t) at a specified time TS after application of the primary short circuit to the peak value of 
the secondary voltage SrV 2 UF ××  before the application of the primary short circuit. The 
secondary voltage US = US(t) after a short circuit of the primary voltage UP=UP(t) can be 
represented as follows: 

 
U (t) 
(V) 

Up  (t) 

Us  (t) 
1 

3 
2 

t Ts 
t, Ts  (s) 

 

Key 

1 Short circuit of UP(t) 

2 Aperiodic damping of US(t) 

3 Periodic damping of US(t) 

 

Figure 507 – Transient response of a capacitor voltage transformer  

6.503.2 Requirements for transient response 

Following a short circuit of the supply between the high-voltage terminal A and the low voltage 
terminal N connected to earth, the secondary voltage of a capacitor voltage transformer shall 
decay within a specified time TS to a specified value of the peak voltage before application of 
the short circuit (see Figure 507). 

6.503.3 Standard transient response classes 

The transient response classes are defined in Table 507. 

The type test for the transient response has to be made in accordance with 7.2.504. 

IEC   1315/11 
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Table 507 – Standard transient response values and classes 

Time TS 

s 

Ratio %100
2

)(

S

S
×

×U

tU
 

Classes 

3PT1 
6PT1 

3PT2 
6PT2 

3PT3 
6PT3 

10 × 10–3 - ≤ 25 ≤ 4 

20 × 10–3 ≤ 10 ≤ 10 ≤ 2 

40 × 10–3 < 10 ≤ 2 ≤ 2 

60 × 10–3 < 10 ≤ 0,6 ≤ 2 

90 × 10–3 < 10 ≤ 0,2 ≤ 2 

NOTE 1 For a specified class the transient response of the secondary voltage Us (t) can be aperiodic or periodic 
damped and a reliable damping device can be used. 

NOTE 2 Capacitor voltage transformer, for transient response classes 3PT3 and 6PT3, needs the use of a 
damping device.  

NOTE 3 Other values of the ratio and the time TS can be agreed between manufacturer and purchaser. 

NOTE 4 The choice of transient response class depends on characteristics of the specified protection relays. 

 
If a damping device is used, the proof of the reliability of this device should be part of an 
agreement between manufacturer and purchaser. 

6.504 Requirements for carrier – frequency accessories 

6.504.1 General 

The carrier-frequency accessories, comprising a drain coil and a protective device, shall be 
connected between the low voltage terminal of the capacitor voltage divider and the earth 
terminal. The connections are typically as shown in Figure 5A.2. 

When a carrier-frequency accessory is connected by the manufacturer into the earth lead of 
the intermediate voltage capacitor, the accuracy of the capacitor voltage transformer shall 
remain within the specified accuracy class (see Figure 5A.2). 

The requirements for the complete coupling device are specified in IEC 60481. 

6.504.2 Drain coil 

The drain coil shall be so designed that: 

a)  the impedance at power frequency between the primary and earth terminals of the 
coupling device should be as low as possible and in no case exceeds 20 Ω; 

b)  the current-carrying capability at power frequency is as follows: 
– continuous operation: 1 A r.m.s., 
– short-time current: 50 A r.m.s. for 0,2 s; 

c)  the drain coil shall be able to withstand a 1,2/50 µs impulse voltage whose peak value is 
twice the value of the impulse spark voltage of the voltage limitation device. 

6.504.3 Voltage limitation device 

The voltage limitation device may be a spark-gap or any other kind of arrester having a power 
frequency spark voltage USP greater than 10 times the maximum AC voltage across the drain 
coil during rated operating conditions. 
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The voltage USP is given by the following formula: 

DN
2

RVSP )2(
3
m10 LCfUFU ×××××≥ π  

 

where LD = value of the drain coil in henry. 

NOTE 501 Example of an insulation level: 

a) Power-frequency withstand voltage: 

– air-gap arrester: 2 kV r.m.s.; 

– non-linear arrester with spark-gap: rated voltage: approx. 1 kV r.m.s. 

b) Impulse withstand voltage: 

– air-gap arrester and non-linear arrester with spark-gap: at test impulse voltage of about 4 kV with a wave 
shape 8/20 µs the arrester should be able to sustain a peak current of at least 5 kA. 

NOTE 502 Only air gap arrester or non-linear arrester with spark-gap is suitable for this application.  

7 Tests 

7.1 General 

7.1.2 List of tests 

Replace Table 10 of IEC 61869-1 with the following: 
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Table 10 – List of tests 

Tests Subclause 

Type tests 7.2 

Temperature-rise test  7.2.2 

Chopped impulse test 7.4.1 

Impulse voltage test on primary terminals  7.2.3 

Wet test for outdoor type transformers  7.2.4 

Electromagnetic Compatibility tests 7.2.5 

Test for accuracy  7.2.6 

Verification of the degree of protection by enclosures  6.10 

Enclosure tightness test at ambient temperature  7.2.8 

Pressure test for the enclosure 7.2.9 

Capacitance and tanδ measurement at power frequency 7.2.501 

Short circuit withstand capability test 7.2.502 

Ferro-resonance test 7.2.503 

Transient response test (for protective capacitive transformers) 7.2.504 

Type tests for carrier frequency accessories 7.2.505 

Routine tests 7.3 

Power-frequency voltage withstand tests on primary terminals  7.3.1 

Partial discharge measurement  7.3.2 

Power-frequency voltage withstand tests between sections 7.3.3 

Power-frequency voltage withstand tests on secondary terminals  7.3.4 

Test for accuracy 7.3.5 

Verification of markings  7.3.6 

Enclosure tightness test at ambient temperature 7.3.7 

Pressure test for the enclosure 7.3.8 

Ferro-resonance check 7.3.501 

Routine tests for carrier frequency accessories 7.3.502 

Special tests 7.4 

Transmitted overvoltage test 7.4.4 

Mechanical tests  7.4.5 

Enclosure tightness test at low and high temperatures  7.4.7 

Gas dew point test  7.4.8 

Corrosion test  7.4.9 

Fire hazard test  7.4.10 

Determination of the temperature coefficient (TC) 7.4.501 

Tightness design test of capacitor units 7.4.502 

Sample tests 7.5 

 
7.1.3 Sequence of tests 

Replace Subclause 7.1.3 of IEC 61869-1 with the following text: 

Test sequence considering one or two equipments: 

Flow chart test sequence shall be considered mandatory (see Figures 508a and 508b). 

NOTE 501 Small modification of the test sequence may be agreed between manufacturer and purchaser. 
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