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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 313: Direct current circuit-breakers

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of a patent, which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 62271-313 has been prepared by subcommittee 17A: Switching devices, of IEC
technical committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

17A/1413/DTS 17A/1416/RVDTS

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

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

This document is to be read in conjunction with IEC TS 62271-5:2024, to which it refers and
which is applicable unless otherwise specified in this document. In order to simplify the
indication of corresponding requirements, the same numbering of clauses and subclauses is
used as in IEC TS 62271-5 if applicable. Modifications to these clauses and subclauses are
given under the same references whilst additional subclauses are numbered from 101.

A list of all parts in the IEC 62271 series, published under the general title High-voltage
switchgear and controlgear, can be found on the IEC website.

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

e reconfirmed,
e withdrawn, or

e revised.
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INTRODUCTION

This document mainly refers to IEC TS 62271-5. In addition, some findings and considerations
from CIGRE are referred to in this document [1],[2] .

T Numbers in square brackets refer to the Bibliography. Documents
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 313: Direct current circuit-breakers

1 Scope

This part of IEC 62271 is applicable to direct current circuit-breakers (hereafter termed DC
circuit-breakers) for indoor or outdoor installation having direct voltages of 100 kV and above
for operation on DC transmission and distribution systems.

This document includes the (mechanical) switching devices, including the residual current
interruption devices, and their operating devices, power electronic switches, primary auxiliary
circuits and energy dissipation systems, as well as their controls. Depending on design and
system needs, operation can be for one current direction only (unidirectional) or for both
directions (bidirectional).

This document does not cover:

Series reactors described in JEC TS 63014-1 for reducing the rate-of-rise of fault current.
Although these are often installed with the operation of DC circuit-breakers, they are typically
and specifically system-dependent.

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.

IEC 60050-441, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses

EC 60059, /IEC standard current ratings

IEC 60099-9:2014|, Surge arresters — Part 9: Metal-oxide surge arresters without gaps for HVYDC
converter stations

EC 60700-1, Thyristor valves for high voltage direct current (HVDC) power transmission —
Part 1: Electrical testing

EC 60825-1|, Safety of laser products — Part 1: Equipment classification and requirements

EC 60825-2, Safety of laser products —Part 2: Safety of optical fibre communication systems
(OFCSs)

IEC 61071:2017, Capacitors for power electronics

EC 61850-10, Communication networks and systems for power utility automation — Part 10:
Conformance testing

IEC TS 62271-5:2024, High-voltage switchgear and controlgear — Part5: Common
specifications for direct current switchgear Documents
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IEC 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

IEC TR 62271-300, High-voltage switchgear and controlgear — Part 300: Seismic qualification
of alternating current circuit-breakers

EC 62501, Voltage sourced converter (VSC) valves for high-voltage direct current (HVDC)
power transmission — Electrical testing

EC 62751-1|, Power losses in voltage sourced converter (VSC) valves for high-voltage direct
current (HVDC) systems — Part 1: General requirements

EC 62751-2, Power losses in voltage sourced converter (VSC) valves for high-voltage direct
current (HVDC) systems — Part 2: Modular multilevel converters

IEC TR 63259:2022, Water cooling systems for power electronics used in electrical
transmission and distribution systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441 and
IEC TS 62271-5 apply.

NOTE Some terms and definitions are recalled here for ease of reference. Additional terms and definitions are
classified so as to be aligned with the classification used in IEC 60050-441.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:
o |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
3.1  General terms and definitions

3.1.101

indoor switchgear and controlgear

switchgear and controlgear designed solely for installation within a building or other housing,
where the switchgear and controlgear is protected against wind, rain, snow, abnormal dirt
deposits, abnormal condensation, ice and hoar frost

[SOURCE: IEC 60050-441:1984, 441-11-04]

3.1.102

outdoor switchgear and controlgear

switchgear and controlgear suitable for installation in the open air, i.e. capable of withstanding
wind, rain, snow, dirt deposits, condensation, ice and hoar frost

[SOURCE: IEC 60050-441:1984, 441-11-05]

3.1.103

short-circuit current

overcurrent resulting from a short circuit due to a fault or an incorrect connection in an electric
circuit

[SOURCE: IEC 60050-441:1984, 441-11-07]
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3.1.104

temperature rise

<of part of a DC circuit-breaker> difference between the temperature of the part and the ambient
air temperature

3.1.105

overvoltage

<in a system> any voltage between one pole and earth having a peak value or values exceeding
the highest voltage for equipment

3.1.106

unit test

test carried out on a unit or group of units at the making current or the breaking current, specified
for the test on the complete DC circuit-breaker and at the appropriate fraction of the applied
voltage, or the recovery voltage, specified for the test on the complete DC circuit-breaker

3.2 Assemblies of switchgear and controlgear

No particular definitions.

3.3 Parts of assemblies

No particular definitions.

3.4 Switching devices

3.4.101

DC circuit-breaker

DC-CB

type of switchgear used on an HVDC scheme, capable of making, carrying and breaking direct
currents and also making, carrying for a specified time and breaking in a specified time direct
currents under specified abnormal circuit conditions such as those of short-circuit

Note 1 to entry: DC circuit-breakers typically consist of a residual current interruption device in series with a parallel
combination of two or three branches, depending on their scheme (Figure 1 to Figure 5).

[SOURCE: IEC TS 62271-5:2024, 3.4.2, modified — “DC-CB” has been added as a second
preferred term, and the Note to entry has been added.]

3.4.102

two-branch DC circuit-breaker

DC circuit-breaker, consisting of a residual current interruption device in series with a parallel
combination of a main branch, including one or more branch devices (MBD), and an energy
dissipation branch

SEE: Figure 1.

Energy dissipation branch
—

AN

N

Main branch

Residual current

interrupting device MBD

IEC

Figure 1 — Schematic of two-branch DC circuit-breaker Documents
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Note 1 to entry: The power electronic DC circuit-breaker using a DC-CB electronic valve as main branch device
(MBD) is a typical two-branch DC circuit-breaker.

3.4.103

three-branch DC circuit-breaker

DC circuit-breaker, consisting of a residual current interruption device in series with a parallel
combination of a main branch, including a mechanical switching device and potential additional
main branch devices (MBD), a temporary branch, imbedding one or more temporary branch
devices (TBD), which is normally activated for short periods during turn-off and in some designs
also during turn-on operations, and an energy dissipation branch

SEE: Figure 2.

Energy dissipation branch
-

AN

N

Temporary branch

— TBD —®

Main branch

Residual current _._/._ MBD - ————

interrupting device

IEC

Figure 2 — Schematic of three-branch DC circuit-breaker

Note 1 to entry: Mechanical DC circuit-breakers and hybrid DC circuit-breakers are typical three-branch DC circuit-
breakers.

Note 2 to entry: For mechanical DC circuit-breakers a counter current device (CCD) is typically used as temporary
branch device (TBD) during turn-off operations only. In such DC circuit-breakers typically no main branch device
(MBD) is used.

Note 3 to entry: For hybrid DC circuit-breakers a DC-CB electronic valve is used as a temporary branch device
(TBD) during turn-off and turn-on operations, and often also as main branch device (MBD).

3.4.104

power electronic DC circuit-breaker

two-branch DC circuit-breaker consisting of a residual current interruption device in series with
a parallel combination of a DC-CB electronic valve as main branch device (MBD) in the main
branch and the energy dissipation device

SEE: Figure 3.
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Energy dissipation branch

\
N
Main branch
Residual current P DC-CB electronic ®
interrupting device valve

IEC

Figure 3 — Schematic of power electronic DC circuit-breaker

Note 1 to entry: Power electronic DC circuit-breakers produce high losses in on-state, which is why they are not
often used.

3.4.105

mechanical switching device

switching device designed to close and open one or more electric circuits by means of separable
contacts

Note 1 to entry: Any mechanical switching device may be designated according to the medium in which its contacts
open and close, e.g. air, SFg, oil.

[SOURCE: IEC 60050-441:1984, 441-14-02]

3.4.106

mechanical DC circuit-breaker

three-branch DC circuit-breaker in which the main branch consists solely of mechanical
switching devices and the temporary branch includes a counter current device (CCD) to produce
a counter current in the main branch, where the current interruption takes place in the
mechanical switching device only

SEE: Figure 4

Energy dissipation branch
—

AN

N

Temporary branch

® CCD —@

Main branch

Residual current

interrupting device

IEC

Figure 4 — Schematic of mechanical DC circuit-breaker

Note 1 to entry: The typical scheme of a mechanical DC circuit-breaker consists of a mechanical switching device
in the main branch connected in parallel with a current injection branch (active) or an oscillating branch (passive)
being a combination of inductance and capacitance, and energy dissipation device.
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3.4.107

passive mechanical DC circuit-breaker

mechanical DC circuit-breaker using an oscillating circuit without charging device as counter
current device (CCD) in the temporary branch

Note 1 to entry: The time needed during current oscillation to reach the value of fault current is not adequate to
meet the requirements of modern HVDC transmission systems. Therefore, passive mechanical DC circuit-breakers
are not often used.

Note 2 to entry: Passive mechanical DC circuit-breakers are sometimes also named as oscillation mechanical DC
circuit-breaker.

3.4.108

active mechanical DC circuit-breaker

mechanical DC circuit-breaker using a current generator as counter current device (CCD) in the
temporary branch, which provides a counter current in the main branch

Note 1 to entry: The current generator could provide a bi-polar current oscillation or a unipolar current peak with
opposite polarity to the current in the main branch.

Note 2 to entry: Active mechanical DC circuit-breakers are sometimes also named as current injection mechanical
DC circuit-breaker.

3.4.109

hybrid DC circuit-breaker

three-branch DC circuit-breaker consisting of a residual current interruption device in series
with a parallel combination of a switchable low resistance main branch, a temporary branch
which is normally activated only for short periods during turn-off and turn-on operations, and
the energy dissipation device

SEE: Figure 5.

Energy dissipation branch
—

AN

N

Temporary branch

DC-CB electronic
valve

Main branch

Residual current _._/._ MBD —&—

interrupting device

IEC

Figure 5 — Schematic of hybrid DC circuit-breaker

Note 1 to entry: The typical scheme of a hybrid DC circuit-breaker consists of a mechanical switching device in the
main branch connected in parallel with a DC-CB electronic valve capable of turn-on and turn-off, and an energy
dissipation device. This design looks very similar to a power electronic DC circuit-breaker having a low resistivity
current path in parallel. Compared with a power electronic DC circuit-breaker, the losses will be reduced by the low
resistivity current path, and the DC-CB electronic valve can have a reduced current carrying capability.

Note 2 to entry: The main branch typically consists of a mechanical switching device sometimes connected in series
with one or more additional main branch devices (MBD).

Note 3 to entry: The temporary branch typically consists of a DC-CB electronic valve and in some designs connected
in series with one or more additional temporary branch devices (TBD).
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Note 4 to entry: In most designs the mechanical switching device in the low resistivity current path operates only
with residual currents and under low voltage stress.

Note 5 to entry: In most designs a small DC-CB electronic valve is installed as main branch device (MBD) in main
branch to commutate current to the current commutation branch.

3.4.110

unidirectional DC circuit-breaker

DC circuit-breaker capable of making and interrupting the specified direct current flowing in the
main branch in only one specified (and prescribed) direction

Note 1 to entry: Unidirectional DC circuit-breakers can be capable of carrying current in both directions.

3.4.111

bidirectional DC circuit-breaker

DC circuit-breaker capable of carrying, making and interrupting the specified direct current
flowing in the main branch from either direction

3.4.112
class M0 DC circuit-breaker
DC circuit-breaker with normal mechanical endurance as demonstrated by specific type tests

3.4.113

class M1 DC circuit-breaker

DC circuit-breaker, capable of being frequently operated, for extended mechanical endurance
as demonstrated by specific type tests

3.4.114

class M2 DC circuit-breaker

DC circuit-breaker, capable of being very frequently operated, for special service requirements
and designed to require only limited maintenance as demonstrated by specific type tests

3.5 Parts of switchgear and controlgear

3.5.101

main circuit

<of a switching device> all the conductive parts of a switching device included in the circuit
which it is designed to close or open

[SOURCE: IEC 60050-441:1984, 441-15-02]

3.5.102

main branch

all conductive parts of a DC circuit-breaker included in a circuit which is intended to transmit
electrical energy continuously with low losses under normal operation status

3.5.103

temporary branch

branch in parallel with the main branch of a DC circuit-breaker which is normally activated for
short periods during turn-off and sometimes also during turn-on operations

3.5.104

oscillating branch

specific temporary branch in a passive (oscillation) mechanical DC circuit-breaker consisting of
capacitors and reactors

Note 1 to entry: After opening the main conducting device, a current oscillation builds up between the oscillating
branch and the main branch in order to create a current zero in the main branch.

Note 2 to entry: Depending on the loop's stray inductance of the arrangement, reactors are not necessgsily r ired.
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3.5.105

current injection branch

specific temporary branch in an active (current injection) mechanical DC circuit-breaker,
capable of providing a current impulse or oscillation which will be superimposed to the current
in the main branch in order to create a current zero in the main branch

3.5.106

current commutation branch

specific temporary branch in a hybrid DC circuit-breaker, consisting of a DC-CB electronic valve
as temporary branch device (TBD) and capable of interrupting all currents up to the rated peak
fault current in this branch

Note 1 to entry: In most cases, this will result in the voltage across the branch increasing after turn-off and,
consequently, the current being commutated to the energy dissipation branch.

3.5.107

energy dissipation branch

branch in a DC circuit-breaker where the energy stored in the power system will be dissipated
during breaking operation

3.5.108

main conducting device

device in the main branch of a three-branch DC circuit-breaker, capable of carrying and
commutating the current in the main branch and of withstanding the applied voltages in open
position

Note 1 to entry: Depending on the scheme of DC circuit-breaker, the main conducting device typically consists of a
mechanical switching device solely or in combination with any other main branch device (MBD).

3.5.109

current commutating device

main branch device (MBD) in the main branch of a hybrid DC circuit-breaker, capable of carrying
the current and of commutating the current from the main branch into the current commutation
branch

3.5.110

energy dissipation device

device of the DC circuit-breaker, capable of dissipating the energy stored in the power system
during breaking operation

3.5.111

residual current interrupting device

device of the DC circuit-breaker, capable of interrupting the residual current flowing through the
DC-CB components and providing a certain voltage withstand capability

3.5.112

power to potential device

device of the DC circuit-breaker, capable of supplying auxiliary power to parts of the DC
circuit-breaker at high voltage potential (operating mechanisms, electronics, etc.)

3.5.113

charging device

device of an active (current injection) mechanical DC circuit-breaker, capable of charging the
power capacitor in the commutation branch

3.5.114
voltage-grading circuit
circuit to distribute the transient and steady state voltages across series connected components
or units homogeneously within certain limits
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3.5.115

cooling equipment

equipment of the high-voltage DC circuit-breaker, capable of cooling relevant components being
in normal operation

3.5.116

control system

all devices of the high-voltage DC circuit-breaker, with the function of control, monitoring,
measurement, protection and regulation, etc.

3.5.117

contact

<of a mechanical switching device> conductive parts designed to establish circuit continuity
when they touch and which, due to their relative motion during an operation, open or close a
circuit or, in the case of hinged or sliding contacts, maintain circuit continuity

[SOURCE: IEC 60050-441:2000, 441-15-05]

3.5.118
contact
one of the conductive parts forming a contact

[SOURCE: IEC 60050-441:2000, 441-15-06]

3.5.119

contact area

area with electric contact between two contact elements, two conductors or a conductor and a
contact element

[SOURCE: IEC 60050-581:200, 581-22-13]

3.5.120

main contact

contact included in the main circuit of a mechanical switching device, intended to carry, in the
closed position, the current of the main circuit

[SOURCE: IEC 60050-441:2000, 441-15-07]

3.5.121
arcing contact
contact on which the arc is intended to be established

Note 1 to entry: An arcing contact can serve as a main contact; it can also be a separate contact so designed that
it opens after and closes before another contact which it is intended to protect from injury.

[SOURCE: IEC 60050-441:1984, 441-15-08]

3.5.122
state indicating device
part of a DC circuit-breaker which indicates whether it is in off or on state

3.5.123

unit

assembly which generally comprises mechanical switching devices, power electronic switches,
energy dissipation devices, post insulator and mechanical parts and which is mechanically and
electrically connected to other identical assemblies to form a DC circuit-breaker
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3.5.124
operating mechanism
part of the DC circuit-breaker that actuates the contacts of the mechanical switching devices

3.5.125

DC circuit-breaker electronic valve

DC-CB electronic valve

complete operative controllable power electronic device (PED) able to carry, turn-on and turn-
off a specified direct current

SEE: Figure 6.

Note 1 to entry: A DC circuit-breaker electronic valve may consist of a certain number of DC circuit-breaker
electronic valve levels, to match the voltage requirements on a complete DC circuit-breaker.

s N\
DC'CB DC-CB electronic
electronic valve level
valve H
DC-CB electronic
valve level
|
e 1 A
DC-CB electronic
valve level

DC-CB electronic

DC-CB valve level
electronic |
valve DC-CB electronic
section valve level
\ y,
\. J

IEC
Figure 6 — Schematic of DC circuit-breaker electronic valve, section, and level

3.5.126

DC circuit-breaker electronic valve level

DC-CB electronic valve level

smallest indivisible functional unit of a DC circuit-breaker electronic valve

SEE Figure 6.

3.5.127

DC circuit-breaker electronic valve section

DC-CB electronic valve section

electrical assembly defined for test purposes, comprising a certain number of DC circuit-breaker
electronic valve levels and other components, which exhibits pro-rated electrical properties of
a complete DC circuit-breaker electronic valve

SEE: Figure 6.

Note 1 to entry: The minimum number of DC circuit-breaker electronic valve levels allowed in a DC circuit-breaker
valve section is defined along with the requirements of each test.
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3.6  Operational characteristics of DC circuit-breaker

3.6.101

operation

<of a DC circuit-breaker> all actions needed in predefined succession to change from one state
to the opposite state

3.6.102

operation

<of a mechanical switching device> transfer of the moving contact(s) from one position to an
adjacent position

Note 1 to entry: |If distinction is necessary, an operation in the electrical sense, e.g. make or break, is referred to
as a switching operation, and an operation in the mechanical sense, e.g. close or open, is referred to as a mechanical
operation.

[SOURCE: IEC 60050-441:1984, 441-16-01, modified — The original Note 1 to entry has been
replaced by the original Note 2 to entry.]

3.6.103

operating cycle

<of a DC circuit-breaker> succession of operations from one state to the opposite state and
back to the first state

3.6.104

operating cycle

<of a mechanical switching device> succession of operations from one position to another and
back to the first position through all other positions, if any

[SOURCE: IEC 60050-441:1984, 441-16-02]

3.6.105
operating sequence
succession of specified operations with specified time intervals

3.6.106

turn-on operation

<of a DC circuit-breaker> operation by which the device is brought from the off-state to the
on-state

Note 1 to entry: The abbreviation "C" representing "closing" is also used to indicate a turn-on operation.

3.6.107

closing operation

<of a mechanical switching device> operation by which the device is brought from the open
position to the closed position

[SOURCE: IEC 60050-441:1984, 441-16-08]

3.6.108

turn-off operation

<of a DC circuit-breaker> operation by which the device is brought from the on-state to the
off-state

Note 1 to entry: The abbreviation "O" representing "opening" is also used to indicate a turn-off operation.
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3.6.109

opening operation

<of a mechanical switching device> operation by which the device is brought from the closed
position to the open position

[SOURCE: IEC 60050-441:1984, 441-16-09]

3.6.110

auto-reclosing

operating sequence of a device whereby, following its turn-off operation, it performs a turn-on
operation automatically after a predetermined time

3.6.111

closed position

<of a mechanical switching device> position in which the predetermined continuity of the main
branch of the device is secured

3.6.112

open position

<of a mechanical switching device> position in which the predetermined clearance between
open contacts in the main branch of the device is secured

3.6.113

on-state

<of a DC circuit-breaker> state in which the predetermined continuity of the main branch of the
device is secured

3.6.114

off-state

<of a DC circuit-breaker> state in which the predetermined voltage withstand capability between
the high voltage terminals of the device is secured

3.7 Characteristic quantities

NOTE Time quantities are expressed in milliseconds.

Unless otherwise stated, the time quantities referred to are associated with the switching of the current through the
DC circuit-breaker (Figure 7).
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