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INTERNATIONAL ELECTROTECHNICAL COMMISSION  1 

____________ 2 

 3 

INSTRUMENT TRANSFORMERS –  4 

 5 

Part 14: Additional requirements for current  6 

transformers for DC applications 7 

 8 

FOREWORD 9 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 10 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 11 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 12 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 13 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 14 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 15 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 16 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 17 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.  18 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 19 
consensus of opinion on the relevant subjects since each technical committee has representation from all 20 
interested IEC National Committees.  21 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 22 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 23 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 24 
misinterpretation by any end user. 25 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 26 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 27 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  28 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 29 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 30 
services carried out by independent certification bodies.  31 

6) All users should ensure that they have the latest edition of this publication.  32 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 33 
members of its technical committees and IEC National Committees for any personal injury, property damage or 34 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 35 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 36 
Publications.  37 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 38 
indispensable for the correct application of this publication.  39 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 40 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  41 

International Standard IEC 61869-14 has been prepared by IEC technical committee 38: 42 

Instrument transformers. 43 

The text of this standard is based on the following documents:  44 

FDIS Report on voting 

38/XX/FDIS 38/XX/RVD 

 45 

Full information on the voting for the approval of this International Standard can be found in the 46 

report on voting indicated in the above table.  47 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.  48 

A list of all parts in the IEC 61869 series, published under the general title Instrument 49 

transformers, can be found on the IEC website. 50 
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This Part 14 is to be used in conjunction with, and is based on, IEC 61869-1:2023, General 51 

requirements, – however the reader is encouraged to use the most recent editions.  52 

This Part 14 follows the structure of IEC 61869-1:2023 and supplements or modifies the 53 

corresponding clauses. 54 

When a subclause of Part 1 is not mentioned in this Part 14, that subclause applies. When this 55 

standard states “addition”, “modification” or “replacement”, the relevant text in Part  1 is to be 56 

adapted accordingly. 57 

For additional clauses, subclauses, figures, tables, annexes or notes, the following numbering 58 

system is used: 59 

• clauses, subclauses, tables, figures and notes that are numbered starting from 1401 are 60 

additional to those in Part 1; 61 

• additional annexes are lettered 14A, 14B, etc.  62 

An overview of the planned set of standards at the date of publication of this document is given 63 

below. The updated list of standards issued by IEC TC 38 is available at the website: 64 

www.iec.ch 65 

PRODUCT FAMILY STANDARDS PRODUCT 
STANDARD 

PRODUCTS 

61869-1 

GENERAL 
REQUIREMENTS 

 61869-2 ADDITIONAL REQUIREMENTS FOR 
CURRENT TRANSFORMERS 

61869-3 ADDITIONAL REQUIREMENTS FOR 
INDUCTIVE VOLTAGE TRANSFORMERS 

61869-4 ADDITIONAL REQUIREMENTS FOR 
COMBINED TRANSFORMERS 

61869-5 ADDITIONAL REQUIREMENTS FOR 
CAPACITIVE VOLTAGE TRANSFORMERS 

 61869-7 ADDITIONAL REQUIREMENTS FOR 
ELECTRONIC VOLTAGE TRANSFORMERS 

61869-8 ADDITIONAL REQUIREMENTS FOR 
ELECTRONIC CURRENT 
TRANSFORMERS 

61869-9 DIGITAL INTERFACE FOR INSTRUMENT 
TRANSFORMERS 

61869-10 ADDITIONAL REQUIREMENTS FOR LOW-
POWER PASSIVE CURRENT 
TRANSFORMERS 

61869-11 ADDITIONAL REQUIREMENTS FOR LOW-
POWER PASSIVE VOLTAGE 
TRANSFORMERS 

61869-12 ADDITIONAL REQUIREMENTS FOR 
COMBINED ELECTRONIC INSTRUMENT 
TRANSFORMER OR COMBINED LOW-
POWER PASSIVE TRANSFORMERS 

61869-13 STAND ALONE MERGING UNIT 

61869-14 ADDITIONAL REQUIREMENTS FOR 
CURRENT TRANSFORMERS FOR DC 
APPLICATIONS 

61869-15 ADDITIONAL REQUIREMENTS FOR 
VOLTAGE TRANSFORMERS FOR DC 
APPLICATIONS 

 66 

The committee has decided that the contents of this document will remain unchanged until the 67 

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 68 

the specific document. At this date, the document will be  69 
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• reconfirmed, 70 

• withdrawn, 71 

• replaced by a revised edition, or 72 

• amended. 73 

 74 

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

 75 

76 
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INTRODUCTION 77 

General 78 

This document applies to current transformers intended to be used in DC applications with at 79 

least one of the following functions: 80 

• measure DC current (with significant harmonics) ; 81 

• withstand DC voltage. 82 

Depending on the position of the current transformer on the DC system, different kinds of 83 

application exist, which are briefly described below, together with the approximate voltage or 84 

current wave shape. 85 

Line-commutated converters (LCC) 86 

Line-commutated converters (LCC) are based on thyristor converters (see Figure 1401). They 87 

are characterized by a single direction of current flow, and a voltage polarity reversal possibility. 88 

Significant voltage and current harmonics exist up to frequencies of about 3 kHz to 4 kHz. 89 

 90 

Figure 1401 – Example of LCC scheme 91 

We distinguish three different current-measurement functions: 92 

• CT1: measurement of the current at the AC side of the converter; 93 

• CT2: measurement of the current at the DC side of the converter; 94 

• CT3: measurement of the current in the DC filter . 95 

Table 1401 gives an overview of the current and voltage waveshapes as well as the main 96 

characteristics of the different applications of the CT. 97 
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Table 1401 – Current and voltage in current transformers for LCC application  98 

 Current Voltage Characteristics 

CT1 

 
 

AC current 

AC voltage with DC offset  

Large amount of current harmonics 

Mainly for protection purposes 

CT2 

 
 

DC voltage stress with AC ripple 
(definition of ripple?) 

High-accuracy measurement 

Harmonics measurement 

Metering, control and protection 
purposes 

CT3 

 
 

DC voltage stress with harmonics 

DC current = 0 

Harmonics measurement 

Mainly for protection purposes 

 99 

Voltage-source converters (VSC) 100 

Voltage-source converters (VSC) are based on transistor converters. They are characterized 101 

by a bi-directional current flow and a single voltage polarity. Voltage and current harmonics 102 

exist up to frequencies of about 20 kHz. 103 

Two variants of VSC schemes exist: symmetrical monopoles (using one single converter)  and 104 

asymmetrical monopole or bipole (with one converter for each polarity). 105 

Both schemes are shown in Figure 1402 and Figure 1403. 106 
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 107 

Figure 1402 – Typical scheme for VSC – symmetrical monopole 108 

 109 

 110 

Figure 1403 – Typical scheme for VSC – asymmetrical monopole or bipole 111 

We distinguish four different current-measurement functions: 112 

• CT1: measurement of the current at the AC side of the converter;  113 

• CT4: measurement of the current in the transistor branches of the converter. 114 

The CT can be placed before (CT4a) or after the transistor branch (CT4b); 115 

• CT2: measurement of the current at the DC side of the converter; 116 

• CT3: measurement of the current in the DC filter (not always present in this scheme) . 117 

Table 1402 gives an overview of the current and voltage waveshapes as well as the main 118 

characteristics of the different applications of the CT. 119 
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Table 1402 – Current and voltage in current transformers for VSC application 120 

 Current Voltage Characteristics 

CT1 

 
 

Pure AC current 

AC voltage with DC offset 

High-accuracy 
measurement 

Short step response time 

CT2 

  

Pure DC application 

High accuracy 
measurement 

Harmonics measurement 

Metering, control and 
protection purposes 

Short step response time 

CT3 

 

 

DC voltage stress with 
harmonics 

DC current = 0 

Harmonics measurement 

Mainly for protection 
purposes 

CT4a 

 

Symmetrical monopole: 

 

Asymmetrical monopoles / 
bipoles: 

 

Pure AC voltage or with 
DC offset 

AC current with DC 
component 

High-accuracy 
measurement 

Short step response time 

CT4b 

 
 

DC voltage stress 

AC current with DC 
component 

High-accuracy 
measurement 

Short step response time 

 121 

 122 

123 

Full document details: 24/30498324 DC

http://www.avadocuments.com/doc/24-30498324-dc
http://www.avadocuments.com/doc/24-30498324-dc


IEC 61869-14 CD1 © IEC 2024 – 13 – 38/797/CD 

 

INSTRUMENT TRANSFORMERS –  124 

 125 

Part 14: Specific requirements for current  126 

transformers for DC applications 127 

 128 

 129 

 130 

1 Scope 131 

This part of IEC 61869 provides all requirements specific to current transformers to be used in 132 

DC applications (DCCTs), whatever the technology used. The output signal can be analogue or 133 

digital. 134 

It is applicable to newly manufactured current transformers used for measuring, protection 135 

and/or control applications in power systems with a rated voltage above 1,5 kV DC. 136 

The general configuration of a single-pole low-power instrument transformer is described in 137 

Figure 1 of IEC 61869-1:2023. 138 

2 Normative references 139 

The following documents are referred to in the text in such a way that some or all of their content 140 

constitutes requirements of this document. For dated references, only the edition cited applies. 141 

For undated references, the latest edition of the referenced document (including any 142 

amendments) applies. 143 

Clause 2 of IEC 61869-1:2023 applies with the following additions and modifications: 144 

IEC 60071-11:2022 Insulation coordination - Part 11: Definitions, principles and rules for HVDC 145 

systems 146 

IEC TS 60815-4:2016, Selection and dimensioning of high-voltage insulators intended for use 147 

in polluted conditions – Part 4: Insulators for DC systems 148 

IEC TS 61245:2015, Artificial pollution tests on high-voltage ceramic and glass insulators to be 149 

used on DC systems 150 

IEC 61869-9:2016, Instrument transformers – Part 9: Digital interface for instrument 151 

transformers 152 

3 Terms, definitions, symbols and abbreviated terms 153 

3.1 Terms and definitions 154 

ISO and IEC maintain terminological databases for use in standardization at the following 155 

addresses: 156 

• IEC Electropedia: available at http://www.electropedia.org/;  157 

• ISO Online browsing platform: available at http://www.iso.org/obp. 158 

 159 

For the purposes of this document, the terms and definitions of IEC 61869 -99 apply with the 160 

following addition. 161 
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3.1.1401  162 

Absolute error 163 

A 164 

error (expressed in A) that a current transformer introduces into the measurement, and which 165 

arises from the fact that the actual transformation ratio is not equal to the rated transformation 166 

ratio 167 

Note 1 to entry: The absolute error is defined by the following formula:

 

168 


A
 = K

r
  U

s
 – I

p
 169 

where 170 

Kr  is the rated transformation ratio in A/V; 171 

Ip is the DC value of the actual primary current in steady state; 172 

Us is the DC value of the output voltage. 173 

3.2 Symbols and abbreviated terms 174 

The table in 3.2 of IEC 61869-1:2023 is replaced by the following one: 175 

DCCT current transformer for DC application 

F mechanical load 

I
cth

 rated continuous thermal current 

I
pr

 rated primary current 

I
lov

 long-time overload current 

I
sov

 short-time overload current 

I
sc

 maximum peak fault current 

IT instrument transformer 

K
ALF

 accuracy limit factor 

K
pcr

 extended primary current factor 

K
r
 rated transformation ratio 

R
br

 rated burden 

t
d
 delay time 

t
dr

 rated delay time 

T
s
 settling time 

T
sr

 step response time 

U
ar

 auxiliary power supply voltage 

U
m

 highest voltage for equipment 

U
sr

 rated secondary voltage 

 ratio error 


A

 absolute error 

4 Normal and special environmental conditions 176 

Clause 4 of IEC 61869-1:2023 applies. 177 
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5 Ratings 178 

5.1 General 179 

Subclause 5.1 of IEC 61869-1:2023 is replaced by the following one: 180 

If applicable, the ratings of DC current transformers, including their auxiliary equipment, shall 181 

be selected from the following ones: 182 

a) highest voltage for equipment (Um); 183 

b) rated primary current (Ipr); 184 

c) rated delay time (tdr); 185 

d) rated continuous thermal current (Icth); 186 

e) long-time overload current (Ilov); 187 

f) short time overload current (Isov); or  rated short-time thermal current (for CT) (Ith); 188 

g) maximum peak fault current (Isc); 189 

h) rated secondary voltage (Usr); 190 

i) rated insulation level; 191 

j) rated burden (Rbr); 192 

k) rated accuracy class; 193 

l) accuracy limit factor (KALF); 194 

m) rated extended primary current factor (Kepr); 195 

n) rated step response time (Tsr). 196 

5.2 Voltage ratings 197 

5.2.1 Highest voltage for equipment (Um) 198 

Subclause 5.2.1 of IEC 61869-1:2023 is replaced by the following one: 199 

There are no standard values for highest voltage for equipment. 200 

However, IEC 60071-11:2022 lists typical DC voltages and possible insulation levels. 201 

5.2.2 Power system earthing 202 

Subclause 5.2.2 of IEC 61869-1:2023 is replaced by the following one: 203 

The considered power system earthing can be:  204 

a)   isolated neutral system;  205 

o)  solidly earthed neutral system: 206 

5.2.3 Standard values for rated primary voltage (Upr) 207 

Subclause 5.2.3 of IEC 61869-1:2023 is replaced by the following one: 208 

There are no standard values for highest voltage for equipment.  209 

However, IEC 60071-11:2022 lists typical DC voltages and possible insulation levels.  210 
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5.2.4 Standard values for rated secondary voltage (Usr) 211 

The standard values of rated secondary DC voltage are:  212 

50 mV – 150 mV – 1,66 V – 3 V – 5 V 213 

NOTE Generally, DC current transformers are multipurpose CTs.  214 

5.2.5 Rated auxiliary power supply voltage (Uar) 215 

Subclause 5.2.5 of IEC 61869-1:2023 applies. 216 

5.3 Current ratings 217 

5.3.1 Standard values for rated primary current (Ipr) 218 

There are no standard values for rated primary current.  219 

5.3.2 Standard values for rated secondary current (Isr) 220 

Subclause 5.3.2 of IEC 61869-1:2023 is not applicable. 221 

5.3.3 Standard values for rated continuous thermal current (Icth) 222 

The standard value for rated continuous thermal current is the rated primary current.  When a 223 

rated continuous thermal current greater than the rated primary current is specified, the 224 

preferred value is 120%. 225 

5.3.4 Short-time current ratings  226 

5.3.4.1 Rated short-time thermal current (Ith)  227 

A rated short-time thermal current Ith shall be assigned to the transformer. The standard value 228 

for duration of the rated short-time thermal current is 1 s. 229 

5.3.4.2 Rated dynamic current (Idyn)  230 

Subclause 5.3.4.2 of IEC 61869-1:2023 is not applicable. 231 

5.3.4.3 Rated internal arc fault current (Iarc)  232 

Subclause 5.3.4.3 of IEC 61869-1:2023 is replaced by the following one: 233 

If optionally specified, the value of the rated internal arc fault current (Iarc) shall be declared by 234 

the manufacturer. 235 

5.3.1401 Long-time overload current (Ilov 236 

There are no standard values for long-time overload current Ilov. 237 

5.3.1402  Short-time overload current (Isov) 238 

There are no standard values for short-time overload current Isov 239 
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5.4 Dielectric ratings 240 

5.4.1 General 241 

Subclause 5.4.1 of IEC 61869-1:2023 is replaced by the following one: 242 

The standard values of insulation level of IEC 60071-1 are not applicable to DC systems. 243 

Methods of calculation for applied dielectric test voltages are given in the relevant clauses of 244 

this document. 245 

Additionally, indications for impulse withstand voltage values are given in IEC 60071-11.  246 

5.4.2 Rated primary terminal insulation level 247 

Subclause 5.4.2 of IEC 61869-1:2023 is replaced by the following one: 248 

The value of rated voltage of an equipment connected between one line and earth is the value of the 249 

maximum DC-system voltage UDCmax.  250 

The rated primary terminal insulation level of a DC instrument transformer shall be based on its 251 

highest voltage for equipment Um in accordance with IEC 60071-11:2022 252 

For DC application with significant AC voltage (CT4a in Figure 1403), these must be included in the 253 

rated voltage according to following equation: 254 

𝑈m = 𝑈DCmax + √2 ⋅ 𝑈hmax + √2 ⋅ √ ∑ 𝑈h
2

h,h≠hmax

 255 

√∑ 𝑈h
2 : RMS voltage of AC voltage components 256 

Uh represents a single harmonic voltage with its frequency according to the harmonic order h based on 257 

the corresponding AC network frequency. The peak value of the AC component can be reduced by 258 

harmonic modulation, for reference consider Error! Reference source not found. and 0.  259 

hmax is the harmonic order for the harmonic voltage component with the largest amplitude of all 260 

harmonics on the equipment. The value of h can also be 1, i.e., the fundamental frequency.  261 

Note For CT2 (see Figure 1401to Figure 1403) the harmonic content on the DC voltage is usually negligible for 262 
insulation design purposes 263 

For instrument transformers mounted on GIS, the rated insulation levels shall be in accordance 264 

with IEC 62271-203:2022, Table 2 and Table 3, phase-to-earth insulation. 265 

5.4.3 Other requirements for primary terminals insulation 266 

5.4.3.1 Partial discharges 267 

Subclause 5.4.3.1 of IEC 61869-1:2023 is replaced by the following one: 268 

The partial discharge level measured during the power-frequency voltage withstand test,  shall 269 

not exceed the limits specified in Table 1403 270 

  271 
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Table 1403 – Partial discharge test voltages and permissible levels  272 

PD test voltage 
(r.m.s.) 

kV 

Maximum permissible PD level 

pC 

Type of insulation 

immersed in liquid or gas solid 

1,5 Um/√2 10 50 

1,2 Um/√2 5 20 

5.4.3.2 Chopped lightning impulse 273 

Subclause 5.4.3.2 of IEC 61869-1:2023 is replaced by the following one: 274 

Instrument transformers with Um  20 kV, other than GIS devices, shall be capable to withstand 275 

a chopped lightning impulse voltage of negative polarity applied to its primary terminals with a 276 

peak value of 115 % of the rated lightning impulse withstand voltage.  277 

5.4.3.3 Capacitance and dielectric dissipation factor (tan) 278 

Subclause 5.4.3.3 of IEC 61869-1:2023 is replaced by the following one: 279 

This requirement applies only to the following instrument transformers with Um  20 kV:  280 

– with liquid immersed primary insulation; 281 

– with solid insulation; 282 

The dielectric dissipation factor (tan) is dependent on the type of insulation, and on both 283 

voltage and temperature. Its value at ambient temperature shall not exceed the values indicated 284 

in Table 1404. 285 

Table 1404 – Maximum values of tan 286 

Type of insulation Maximum value of tan 

Measured at 𝑼𝐦 √𝟐⁄  

Oil-impregnated paper 

Solid insulation 

Other (e.g.: new technologies) 

0,005 

a 

a 

a To be indicated and justified by the manufacturer  

5.4.4 Between-section insulation requirements  287 

Subclause 5.4.4 of IEC 61869-1:2023 applies. 288 

5.4.5 Insulation requirements for secondary terminals and low-voltage components 289 

Subclause 5.4.5.1 of IEC 61869-1:.2023 is not applicable. Subclauses 5.4.5.2 and 5.4.5.3 of 290 

IEC 61869-1 2023 are applicable. 291 

5.5 Rated frequency 292 

Subclause 5.5 of IEC 61869-1:2023 is replaced by the following one: 293 

The rated frequency is equal to 0 (which means DC). 294 
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