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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -

Part 15: Additional requirements for voltage
transformers for DC applications

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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.

IEC 61869-15 has been prepared by IEC technical committee 38: Instrument transformers. It
is an international standard.

This second edition cancels and replaces the first edition published in 2018. This edition
constitutes a technical revision.

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

FDIS Report on voting
38/XX/FDIS 38/XX/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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This Part 15 is to be used in conjunction with, and is based on, IEC 61869-1:2023, General
requirements, — however the reader is encouraged to use the most recent editions.

This Part 15 follows the structure of IEC 61869-1:2023 and supplements or modifies the
corresponding clauses.

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

e clauses, subclauses, tables, figures and notes that are numbered starting from 1501 are
additional to those in Part 1;

e additional annexes are lettered 15A, 15B, etc.

A list of all parts in the IEC 61869 series, published under the general title Instrument
transformers, can be found on the IEC website: www.iec.ch.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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.
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INTRODUCTION

General

This document applies to voltage transformers (VT) intended to be used in DC applications with
at least one of the following functions:

measure DC voltage (with significant harmonics);

withstand DC voltage.

This document is the first revision of the standard IEC 61869-15, defining additional
requirements for voltage transformers for DC applications.

The main modifications of this revision are listed below:

General

adaption of the new structure and requirements of IEC 61869-1:2023, general
requirements for instrument transformers.

transfer of the definitions to the TC 38 Glossary IEC 61869-99
definitions related to composite AC and DC currents
introduction of VT1 for VSC applications

Ratings

voltage ratings for composite AC and DC voltages including 3PWM
rated delay time definition for point to point connections

definition of accuracy requirements for AC voltage measurement
definition of accuracy requirements for harmonics

revised step response times

Design and construction

rating plate markings revised

Tests

Revised list of tests

Table added indicating routine tests to be performed after a Type test

Type tests

composite AC and DC voltage: definition to perform tests separately in two tests
voltage withstand test for low voltage terminals improved

step response time evaluation brought in line with definition in TC 38 Glossary IEC
61869-99

test for impact of external field for DC VT measuring AC components added

Routine tests

partial discharge measurement during DC applied voltage withstand test replaced by
verification of partial discharge level during repeated AC applied withstand test with
partial discharge measurement

composite AC and DC voltage: definition to perform tests separately in two tests

Special tests
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- measurement of capacitance and dielectric dissipation factor eliminated, because test
is already routine test.

- even wetting DC voltage test eliminated, wet test performance, insulator performance
under wet condition is covered during type tests under 7.2.4.

- accuracy test on the composite signal is eliminated, it is covered during type tests
under 7.2.15.

- subclause 7.4.1501.2 renamed to Wet DC voltage test

- subclause 7.4.1502 deleted

- subclause 7.4.1503, now 7.4.1502 renamed to Accuracy stability stress test
i) new annexes:

- Annex A (normative): Identification of test specimen;

- Annex B (informative): Recommendation for contents of failure reports;

- Annex C (informative) Fire hazard;

- Annex D (informative): Sample test;

- Annex E (informative): Technique used in temperature rise test of transformers to
determine the thermal time constant by an experimental estimation;

- Annex F (informative): guidance for the extension of validity of type tests and special
tests;

- Annex G (informative): Guidance for the calculation of equivalent diameter in case of
irregular shape of insulating part;

- Annex H (informative): Test circuits
- Annex | (normative): seismic qualification of instrument transformers;
- Annex 15B (normative): Composite AC/DC voltages
The actual technology used for DC VT’s are resistive voltage dividers (with or without additional

capacitance). However, other technologies could be used in the future (for example, optical
voltage sensors).

This document includes some specific requirements applicable to resistive and mixed resistive-
capacitive voltage dividers, but it can also be applied to other technologies, like optical
measurement systems.

Depending on the position of the voltage transformer on the DC system, different kinds of
applications exist, which are briefly described in 4.1501, together with the approximate voltage
wave shape.
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INSTRUMENT TRANSFORMERS -

Part 15: Additional requirements for voltage
transformers for DC applications

1 Scope

This part of IEC 61869 provides all requirements specific to voltage transformers to be used in
DC applications (DC VTs), whatever the technology used. The output signal can be analogue
or digital. When it is analogue, it is available as low voltage representing the primary voltage.

It is applicable to newly manufactured voltage transformers used for measuring, protection
and/or control applications in power systems with a rated voltage above 1,5 kV DC.

The general configuration of a single-pole low-power instrument transformer is described in
Figure 1 of IEC 61869-1:2023.

DC CT for railway applications are not part of this standard and are covered by IEC TC9.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

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

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

IEC 60270:2025, High voltage test techniques — Partial discharge measurements

IEC TS 60815-4:2016, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 4: Insulators for DC systems

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

IEC 61869-1:2023, Instrument transformers — Part 1: General requirements

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

IEC 61869-99:2022, Instrument transformers — Part 99: Glossary

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/;
e |SO Online browsing platform: available at http://www.iso.org/obp.

For the purposes of this document, the terms and definitions given in IEC 61869-99 and the
following apply.

3.1.1501

Absolute error

EA

error (expressed in V) that a voltage transformer introduces into the measurement, and which

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

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

where

K, s the rated transformation ratio;

Up is the DC value of the actual primary voltage in steady state;

Ug is the DC value of the output voltage.

3.1.1502
AC grid power frequency

frAC

Rated frequency of the AC grid to which the HVDC station is connected

10
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3.2 Symbols and abbreviated terms

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

DC VT voltage transformer for DC application
F mechanical load

Jfiac rated AC grid power frequency

1, max maximum supply current

1, rated supply current

IT instrument transformer

K actual transformation ratio

K. rated transformation ratio

Ic electrical cable length of the transmitting system
Ry, rated burden

Rq rated primary resistance

Ry rated secondary resistance

ty delay time

rated delay time

Tt settling time

T, step response time

T, dead time

U, auxiliary power supply voltage

U, voltage harmonic of frequency f,

U Amax voltage harmonic with the highest amplitude
Upc DC system voltage

Upcmax highest DC voltage for a system

U, highest voltage for equipment

Upr rated primary voltage

U, rated secondary voltage

£ ratio error

N absolute error

3PWM Pulse width modulation with third harmonic, also known as third harmonic injection (THI)

4 Normal and special environmental conditions

Clause 4 of IEC 61869-1:2023 applies with the following addition.

4.1501 Operational environment and configurations of DC CT in Converter-based
systems

4.1501.1 Line-commutated converters (LCC)

Line-commutated converters (LCC) are based on thyristor converters. They are characterized
by a single direction of current flow, and a voltage polarity reversal possibility. Significant
voltage and current harmonics exist up to frequencies of about 3 kHz to 4 kHz.

The position of the DC VTs on the DC system is illustrated in Figure 1501.

11


https://standards.iteh.ai/catalog/standards/sist/c7dadee6-cc60-4262-b066-52ef236905c8/osist-pren-iec-61869-15-2026
https://standards.iteh.ai/catalog/standards/sist/c7dadee6-cc60-4262-b066-52ef236905c8/osist-pren-iec-61869-15-2026

IEC CDV 61869-15 © IEC 2026

398
I'sectiont vr 1|
[ \ )
I , |\ . |
I
: | vT
: J_ Pole +
! | T
! | T
: VT |
L ____~"—Z o— VT
I_ —_—— " Neut'ral
I Same as
section 1 I N
309 - Pole -
400 Figure 1501 — Example of LCC scheme

401 Table 1501 gives an overview of the voltage waveshape as well as the main characteristics of
402  the VT.

403 Table 1501 — Voltage on DC VT’s for LCC application

Voltage Characteristics

DC application

High-accuracy measurement

Harmonics measurement

Metering, control and protection purpose

IEC

404

405  4.1501.2 Voltage-source converters (VSC)

406  Voltage-source converters (VSC) are based on transistor converters. They are characterized
407 by a bi-directional current flow and a single voltage polarity. Voltage and current harmonics
408 exist up to frequencies of about 20 kHz.

409  Two variants of VSC schemes exist: symmetrical monopoles (using one single converter) and
410  asymmetrical monopole or bipole (with one converter for each polarity).

411 Both schemes are shown in Figure 1502 and Figure 1503.

412
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