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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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STANDARD 

PRODUCTS OLD 
STANDARD 

 

 

 

 

 

 

61869-1 

GENERAL 
REQUIREMENTS 
FOR 
INSTRUMENT 
TRANSFORMERS 

 61869-2 ADDITIONAL REQUIREMENTS FOR 
CURRENT TRANSFORMERS 
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61869-3 ADDITIONAL REQUIREMENTS FOR 
INDUCTIVE VOLTAGE TRANSFORMERS 
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COMBINED TRANSFORMERS 
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61869-12 ADDITIONAL REQUIREMENTS 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: 
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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 
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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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