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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
HIGH VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION – 

SYSTEM REQUIREMENTS FOR DC-SIDE EQUIPMENT 
 

Part 1: Using line-commutated converters 
 

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. 

The main task of IEC technical committees is to prepare International Standards. In 
exceptional circumstances, a technical committee may propose the publication of a technical 
specification when 

• the required support cannot be obtained for the publication of an International Standard, 
despite repeated efforts, or 

• the subject is still under technical development or where, for any other reason, there is the 
future but no immediate possibility of an agreement on an International Standard. 

Technical specifications are subject to review within three years of publication to decide 
whether they can be transformed into International Standards.  

IEC TS 63014, which is a Technical Specification, has been prepared by IEC technical 
committee 115: High Voltage Direct Current (HVDC) transmission for DC voltages above 
100 kV. 
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The text of this Technical Specification is based on the following documents: 

Enquiry draft Report on voting 

115/167/DTS 115/178/RVDTS 

 
Full information on the voting for the approval of this technical specification 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. 

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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

A bilingual version of this publication may be issued at a later date. 

 

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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HIGH VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION – 
SYSTEM REQUIREMENTS FOR DC-SIDE EQUIPMENT 

 
Part 1: Using line-commutated converters 

 
 
 

1 Scope 

This Technical Specification is intended to provide an overall and consistent set of guidelines 
to facilitate the specification of equipment for the DC-side of a high-voltage direct current 
(HVDC) system using line-commutated converters. For point-to-point HVDC transmission 
systems, this document covers all DC-side equipment located between the converter valves 
and the DC overhead line or cable termination, excluding the converter valves themselves. 
For back-to-back HVDC systems, this document covers all DC-side equipment excluding the 
converter valves themselves. Throughout this publication, the terms 'direct voltage' and 'DC 
voltage' are used interchangeably, as are 'direct current' and 'DC current'. 

Traditionally, the largest items of such equipment, such as the DC smoothing reactor and DC 
harmonic filters, have generally been located outdoors but increasingly the trend is to locate 
such equipment indoors (although not in the valve hall itself) to provide protection from 
pollution. Although product standards exist for some DC-side equipment types, many such 
items of equipment have only standards written for AC applications and, in such cases, the 
purpose of this document is to provide guidance as to how to specify the additional 
requirements (particularly with regard to testing) for such equipment to cover their use in DC 
conditions. 

The converter itself is excluded from this scope, being covered by IEC 60700-1 [1] 1  and 
IEC 60700-2 [2]. 

Although this document includes requirements for DC disconnectors and certain types of 
specialised DC switching devices (such as the Metallic Return Transfer Switch (MRTS)), it 
excludes any type of DC circuit-breaker designed to interrupt fault currents. 

DC-side equipment for HVDC systems based on voltage-sourced converter (VSC) technology 
is excluded from this document and will be covered in a future Part 2 of IEC 63014. 

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

IEC 60071-1, Insulation co-ordination – Part 1: Definitions, principles and rules 

IEC 60071-5, Insulation co-ordination – Part 5: Procedures for high-voltage direct current 
(HVDC) converter stations 

___________ 
1 Numbers in square brackets refer to the Bibliography. 

Full document details: PD IEC/TS 63014-1:2018

http://www.avadocuments.com/doc/pd-iec-ts-63014-1-2018
http://www.avadocuments.com/doc/pd-iec-ts-63014-1-2018


IEC TS 63014-1:2018 © IEC 2018 – 9 –  

IEC 60076-6:2007, Power transformers – Part 6: Reactors 

IEC 60099-9:2014, Surge arresters – Part 9: Metal-oxide surge arresters without gaps for 
HVDC converter stations 

IEC 60168, Tests on indoor and outdoor post insulators of ceramic material or glass for 
systems with nominal voltages greater than 1000 V 

IEC 60353, Line traps for a.c. power systems 

IEC 60358-1, Coupling capacitors and capacitor dividers – Part 1: General rules 

IEC 60383 (all parts), Insulators for overhead lines with a nominal voltage above 1 000 V 

IEC 60437, Radio interference test on high-voltage insulators 

IEC 60633, Terminology for high-voltage direct current (HVDC) transmission 

IEC TS 60815-4, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 4: Insulators for d.c. systems 

IEC 60871-1:2014, Shunt capacitors for a.c. power systems having a rated voltage above 
1 000 V – Part 1: General 

IEC 60871-4:2014, Shunt capacitors for AC power systems having a rated voltage above 
1 000 V – Part 4: Internal fuses 

IEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be 
used on d.c. systems 

IEC 61462, Composite hollow insulators – Pressurized and unpressurized insulators for use in 
electrical equipment with rated voltage greater than 1 000 V – Definitions, test methods, 
acceptance criteria and design recommendations 

IEC 61466 (all parts), Composite string insulator units for overhead lines with a nominal 
voltage greater than 1 000 V 

IEC 61850-9-2, Communication networks and systems for power utility automation – Part 9-2: 
Specific communication service mapping (SCSM) – Sampled values over ISO/IEC 8802-3 

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

IEC 61869-14, Instrument transformers – Part 14: Specific requirements for DC current 
transformers 2 

IEC 61869-15, Instrument transformers – Part 15: Specific requirements for DC voltage 
transformers3 

IEC TS 61936-2, Power installations exceeding 1 kV AC and 1,5 kV DC – Part 2: DC 

___________ 
2  Under preparation. Stage at the time of publication: IEC/FDIS 61869-14:2017. 

3  Under preparation. Stage at the time of publication: IEC/FDIS 61869-15:2017. 
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IEC 62217, Polymeric HV insulators for indoor and outdoor use – General definitions, test 
methods and acceptance criteria 

IEC 62231, Composite station post insulators for substations with a.c. voltages greater than 
1 000 V up to 245 kV – Definitions, test methods and acceptance criteria 

IEC 62271-1, High-voltage switchgear and controlgear – Part 1: Common specifications for 
alternating current switchgear and controlgear 

IEC 62271-100:2008, High-voltage switchgear and controlgear – Part 100: Alternating current 
circuit-breakers 

IEC 62271-102:2001, High-voltage switchgear and controlgear – Part 102: Alternating current 
disconnectors and earthing switches 

IEC 62271-109:2008, High-voltage switchgear and controlgear – Part 109: Alternating-current 
series capacitor by-pass switches 

IEC 62772, Composite hollow core station post insulators for substations with a.c. voltage 
greater than 1 000 V and d.c. voltage greater than 1 500 V – Definitions, test methods and 
acceptance criteria 

IEC TS 62896, Hybrid insulators for AC and DC for high-voltage applications – Definitions, 
test methods and acceptance criteria 

IEC Guide No. 111, Electrical high-voltage equipment in high-voltage substations – Common 
recommendations for product standards 

IEC/IEEE 65700-19-03:2014, Bushings for DC application 

3 Terms and Definitions 

For the purposes of this document, the terms and definitions given in IEC 60633 and the 
following apply. 

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

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

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

3.1 DC switching devices 

3.1.1 Types of DC switching device 

3.1.1.1  
high-speed DC switch 
type of switching device used on an HVDC scheme, required to open or close rapidly 
(<1 second), including in some cases the need to commutate load current into a parallel 
conducting path, but with no requirement to interrupt fault or load current 

Note 1 to entry: DC switching devices are usually based on a single-phase unit of an AC circuit-breaker, 
appropriately modified for their DC applications. Their capabilities to perform faster opening and closing than 
disconnect switches are used but the function of breaking short-circuit currents is not required. 
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3.1.1.2  
DC commutation switch 
type of high-speed DC switch specifically designed to commutate load current into an 
alternative parallel current path 

Note 1 to entry: The metallic return transfer switch (MRTS) and the earth return transfer switch (ERTS) defined in 
IEC 60633 are well-known examples of DC commutation switch. 

3.1.1.3  
mechanical switch 
mechanical switching device forming part of a high-speed DC switch 

3.1.2 Applications of DC switching devices 

3.1.2.1  
neutral bus switch 
NBS 
DC commutation switch connected in series with the neutral bus on a bipolar HVDC scheme, 
designed to commutate current out of the pole conductor or neutral bus and into the electrode 
line or dedicated metallic return conductor or earth in response to a fault in a converter or 
neutral bus 

3.1.2.2  
neutral bus earthing switch  
NBES 
neutral bus ground switch  
NBGS 
DC commutation switch connected from the neutral bus to the station earth mat on a bipolar 
HVDC scheme, designed to provide a temporary earth connection in the event of an open-
circuit fault on the electrode line until the imbalance of current between the two poles can be 
reduced to a safe minimum level or the electrode line connection can be restored 

3.1.2.3  
bypass switch 
BPS 
high-speed DC switch connected across each converter valve group in HVDC schemes using 
more than one independent converter per pole, designed to close rapidly to bypass a 
converter group that is being taken out of service and commutate the current back into a valve 
group that is being taken back into service 

3.1.2.4  
line paralleling switch  
LPS 
DC commutation switch placed in series with one or more high-voltage pole conductors, 
allowing two or more lines to be connected in parallel or to revert to single-line operation 
while conducting load current 

3.1.2.5  
converter paralleling switch 
CPS 
high-speed DC switch connected in series with each converter at the high-voltage DC terminal 
in HVDC schemes where two or more converters are connected in parallel onto a common 
pole conductor, designed to allow additional converter(s) to be connected in parallel or 
disconnected without affecting the load current in the other converter 
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3.2 Filter components 

3.2.1 Filter capacitors 

3.2.1.1  
main DC filter capacitor 
high-voltage DC filter capacitor which is exposed to a substantial direct voltage 

3.2.1.2  
auxiliary capacitor 
LV filter capacitor 
capacitor in a DC filter not exposed to direct voltage across its terminals (such as C2 in 
Figure 5) 

3.2.1.3  
DC neutral bus capacitor 
capacitor connected between the DC neutral bus and the substation earth 

3.2.1.4  
DC surge capacitor 
capacitor connected between the DC line and the substation earth (directly or indirectly) to 
serve the primary function of reducing the amplitude and steepness of lightning surges 
applied to the substation equipment 

3.2.2 Filter resistors 

3.2.2.1  
resistor 
power resistor forming part of some types of harmonic filter bank and connected in parallel 
and/or series with the LV filter capacitors and/or filter reactors, usually at the neutral side of 
the filter 

3.2.2.2  
resistor element 
single part of resistor, which is not possible to be divided into smaller parts (such as a grid, a 
mat, a spring coil, etc. depending on the technology) 

3.2.2.3  
bank of resistor elements 
mechanical assembly of several single elements electrically connected together, plus a 
mechanical structure, insulating parts, terminals, etc. 

3.2.2.4  
resistor module 
part of the resistor in one enclosure (if applicable) 

3.2.3  
filter reactors 
power reactor forming part of a harmonic filter bank, responsible (sometimes together with the 
LV filter capacitors, where used) for defining the tuned frequency(ies) of the filter bank and 
usually connected at the neutral side of the filter 

3.3 Surge arresters 

3.3.1  
continuous operating voltage 
COV 
maximum continuous voltage characterized by the voltages CCOV, PCOV, DCOV and ECOV 
where applicable and that may be applied continuously between the arrester terminals 
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Note 1 to entry: Operation voltages of several arrester types can vary significantly during different operation 
conditions of the HVDC converters (e.g. depending on firing angles, tap position) as well as in different 
configuration of the DC system (e.g. metallic return configuration). The specified requirements shall consider the 
applicable operating conditions accordingly. 

3.3.2  
crest value of continuous operating voltage 
CCOV 
highest continuously occurring crest value of the voltage across the arrester excluding 
commutation overshoots and commutation notches and calculated with a system model valid 
for up to approximately 5 kHz 

3.3.3  
peak value of continuous operating voltage 
PCOV 
highest continuously occurring crest value of the voltage at the equipment on the DC side of 
the converter station including commutation overshoots, commutation notches and ripple 
calculated with a model which takes into account stray capacitances/inductances of converter 
transformers, valves, buswork, etc. and valid for at least 50 kHz 

3.3.4  
DC component of continuous operating voltage 
DCOV 
highest mean or average of the continuous operating voltage across the arrester excluding 
harmonics and commutation overshoots 

3.3.5  
equivalent continuous operating voltage 
ECOV 
RMS value of the sinusoidal power-frequency voltage or direct voltage at a metal-oxide surge 
arrester stressed by operating voltage of any wave shape that generates the same power 
losses in the metal-oxide material as the actual operating voltage 

3.3.6  
switching impulse protective level 
SIPL 
residual voltage of a surge arrester subjected to a discharge current corresponding to the 
coordination switching impulse current 

3.3.7  
lightning-impulse protective level 
LIPL 
residual voltage of a surge arrester subjected to a discharge current corresponding to the 
coordination lightning-impulse current 

3.3.8  
steep-front impulse protective level 
SFIPL 
STIPL 
residual voltage of a surge arrester subjected to a discharge current corresponding to the 
coordination steep-front impulse current 

4 General 

4.1 Overview 

"DC-side equipment" is the overall name given to a collection of high-voltage equipment 
located on the DC side of the HVDC converter in a converter station, excluding the converter 
itself. 
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In a back-to-back HVDC converter station, the DC-side equipment (Figure 1) is relatively 
limited in extent, generally only comprising DC instrument transformers, valve and bridge 
surge arresters (inside), DC smoothing reactor (outside) and DC wall bushings 
interconnecting the DC smoothing reactor to the valve hall. Since there is no DC line that can 
be subject to frequent flashovers, the main function of the DC smoothing reactor in a back-to-
back HVDC converter station is to prevent or limit the cross-modulation of harmonics from one 
AC system to the other. Some back-to-back HVDC converter stations have been built without 
DC smoothing reactors; in such cases, the only DC-side equipment are the DC instrument 
transformers and valve and bridge surge arresters. 

AC system 1 AC system 2

Ldc

DC-side equipment

 
IEC 

Figure 1 – Scope of DC-side equipment for a back-to-back HVDC  
converter station with one 12-pulse bridge per end 

In a converter station for a transmission HVDC scheme (Figure 2), the DC-side equipment is 
more extensive in scope. DC harmonic filters are usually required in order to prevent 
interference with nearby telephone systems, especially on DC overhead line schemes. Where 
fitted, DC harmonic filters generally occupy the largest amount of space of all DC-side 
equipment. DC smoothing reactors are always needed, their main function being to limit the 
amplitude and rate of change of current in the event of either a DC line fault or commutation 
failure. DC smoothing reactors for transmission schemes can be very large, with inductances 
of several hundred millihenries being common. 
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DC-side equipment

DC line or cable
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Electrode lineAC system

Pole 1
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Figure 2 – Scope of DC-side equipment for a transmission HVDC  
converter station with one 12-pulse bridge per pole 

The DC-side equipment for a transmission HVDC scheme usually also includes several types 
of DC switching devices, including DC disconnectors and several types of specialised "high-
speed DC switch". The high-speed DC switches are normally derived from conventional AC 
circuit-breakers, but they are not circuit-breakers in the conventional sense of the word since 
they are not designed to break DC fault currents. Their function, instead, is typically to divert 
normal load current from one current path into another. There are many different applications 
of DC switching devices in a transmission HVDC scheme and these are described in greater 
detail in Annex B. 

Finally, in transmission HVDC schemes that are equipped with earth electrodes to permit 
operation with an earth return current, the electrode line linking the converter station to the 
earth electrode may require additional DC filter equipment, surge capacitors, surge arresters 
and equipment to permit monitoring of the electrode line and detection of faults. Several 
common types of high-speed DC switch (for example the metallic return transfer switch) are 
associated with such applications. 

Annex A provides more detailed descriptions of the purpose and typical characteristics of the 
various types of DC-side equipment. 

Insulation coordination of the DC-side equipment is an important and complex topic. Basic 
principles are addressed in IEC 60071-5, but IEC TS 61936-2 also includes some common 
requirements related to safety and insulation coordination, for example clearance and 
creepage distances. In selecting insulation for DC systems, environmental conditions and 
pollution are very important aspects because of the tendency of DC equipment to attract 
airborne contamination. Pollution considerations for outdoor equipment are covered by 
IEC 60815-4. The creepage requirements for DC insulation vary greatly according to the level 
of atmospheric pollution. As a consequence, there can be major differences in creepage 
distance requirements depending on whether an insulator is located in a clean environment 
(the valve hall), a semi-clean environment (indoor DC yard, but separate from the valve hall) 
or a polluted outdoor environment. 
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4.2 Environmental conditions 

Information about environmental conditions for the actual installation site of the converter 
station is relevant and can be vital to the design of the individual equipment. Equipment may 
be installed outdoors or indoors depending on the operation and project requirements. If both 
indoor and outdoor installations are applicable for the same project, the environmental 
conditions shall be clearly assigned to the individual application. IEC Guide No. 111 provides 
useful background information to aid in specifying environmental conditions. 

The following data shall be specified as applicable: 

• maximum dry bulb ambient temperature (°C); 

• minimum dry bulb ambient temperature (°C); 

• maximum wet bulb ambient temperature (°C); 

• maximum 24-hour average dry bulb ambient temperature (°C); 

• annual average ambient temperature (°C); 

• minimum/maximum relative humidity; 

• maximum wind speed (m/s); 

• annual precipitation (mm); 

• maximum precipitation in 24 hours (mm); 

• maximum snow depth (cm); 

• ice load (mm); 

• solar radiation intensity (W/m2); 

• soil resistivity(Ωm); 

• pollution level / required creepage distances; 

• type of pollutant (conducting/non-conducting; solid/liquid/gaseous); 

• seismic requirements: 
– horizontal / vertical acceleration (m/s2);  
– seismic frequency spectra (if applicable); 
– relevant design standard and/or local building code. 

• altitude above sea level 

• keraunic level. 

4.3 Choice of indoor versus outdoor DC yard 

On most older HVDC schemes, up to about the year 2000, the DC-side equipment was 
located outside and the converter valves and their closely-associated valve and bridge surge 
arresters were located indoors, in the valve hall. 

However, there has been a recent trend towards putting most or all of the DC-side equipment 
indoors, into an "indoor DC yard". In such cases, the DC-side equipment is usually not 
mounted in the valve hall itself (since this would be unnecessarily expensive) but in a 
separate annex to the converter building, usually specified with less-demanding requirements 
in terms of air quality and temperature/humidity control than the valve hall. 

The main motivation for putting DC-side equipment indoors is to reduce the exposure of 
DC-side equipment to pollution and lightning strikes. This is much more important than with 
AC equipment because of the tendency of high-voltage DC equipment to attract pollution. By 
putting the DC-side equipment indoors (even in a room with relatively simple air-filtration 
systems compared with the valve hall), the level of pollution deposited on equipment can be 
dramatically reduced and since the insulation will not get wet, much shorter creepage 
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distances can sometimes be used. However, maintenance intervals should be considered 
since no washing by rain occurs indoors. 

Indoor DC yards may therefore be preferable where there are: 

• high levels of airborne pollution (coal dust is particularly troublesome, being highly 
conductive), or 

• high levels of salt pollution, for example in coastal sites, 

• high levels of sand pollution in desert sites, 

• high risk of flashovers due to ingress of wildlife, 

• high audible noise that may lead to complaints in public areas. 

On the other hand, civil costs will be increased by specifying indoor DC yard equipment, so in 
sites with low levels of pollution but high civil costs, outdoor DC yard equipment will generally 
be more cost-effective. However, there is a possibility that the cost of an indoor installation is 
lower than that of an outdoor installation in the case of design conditions that require 
protection against both severe pollution and severe seismic conditions. 

A secondary benefit of using indoor DC-side equipment is that audible noise emissions from 
the DC smoothing reactor and DC harmonic filters will be substantially reduced. However, if 
audible noise is the only consideration, providing a noise enclosure around the DC smoothing 
reactor will normally be a more cost-effective solution. 

5 DC smoothing reactors 

Requirements for DC smoothing reactors are defined in Clause 12 of IEC 60076-6:2007. 

In addition, subject to agreement between the manufacturer and the purchaser, for dry-type 
air-cored reactors, the polarity reversal test can be a type test instead of a routine test and, 
as a consequence, the DC withstand routine test shall be performed twice, once with positive 
polarity and once with negative polarity. 

6 DC switching devices 

6.1 High-speed DC switches 

6.1.1 General 

HVDC transmission schemes typically include two types of fast-acting DC switches (with 
operating times generally of the order of 100 ms) on the DC side. These switches are 
commonly derived from conventional AC circuit-breakers but have additional requirements 
imposed by the DC current or voltage to which they are subjected. These DC switches are 
most commonly constructed from Air-Insulated Switchgear (AIS) but, for some applications, 
Gas-Insulated Switchgear (GIS) may be used. The first type of DC switch is not designed to 
break DC current but their fast switching action is required for protection, isolation and 
restoration of the interconnection. The other type of DC switch is capable of transferring DC 
load current into an alternative current path (for example, the metallic return transfer switch, 
MRTS, described in B.2.1). 

Annex B describes the various different types of high-speed DC switch that may be used on 
an LCC HVDC scheme. 

General requirements for AC circuit-breakers are defined in IEC 62271-100. However, no 
requirements related to DC applications are given in that standard. 
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The high-speed DC switches shall comply with the applicable technical standards for AC 
circuit-breakers and additional requirements specific to the DC application. 

The basic switching requirements are: 

• subsequent to the first arc extinction, no further arc shall occur across the main contacts 
of the high-speed switch; 

• the opening of series main contacts on the complete switch assembly shall be 
synchronized sufficiently well to meet the requirements of the operating conditions; 

• where the safe condition of the high-speed switch is in the closed position, the switch shall 
fail to the closed position. Under these conditions, the tripping of the switch shall be 
inhibited when subsequently there will be insufficient energy for a successful open-close 
operation. 

The safe position of a switch is the position that should be reached in the event of a failure in 
order to prevent further consequential damage to the breaker or risk of injury to personnel. 
Taking the MRTS as an example, the safe position is the closed position since no arcing can 
take place and there is no risk of explosion. So in the event that an attempt to transfer the DC 
neutral current from the electrode line to the pole conductor does not succeed, the MRTS 
should be re-closed to avoid the risk of explosion. 

NOTE In some applications, the auxiliary components associated with high-speed DC switches can include 
capacitors and reactors to create a resonant turn-off condition. The capacitor can, in addition, be pre-charged in 
order to speed up the switching process. 

6.1.2 Comparison of operating duties 

The main critical parameters for various types of DC switch application are summarised in 
Table 1. Explanations of the various types of DC switch, along with more detailed 
commentaries on the critical parameters for each, are given in Annex B. 
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Table 1 – Summary of main parameters affecting 
specification of high-speed DC switches 

Parameter MRTSa ERTS NBS NBES BPS LPS CPS 

Current rating in closed position, 
permanent 

    b    

Current rating in closed position, short 
duration 

       

Current commutating ability        

Voltage between terminals in open 
position 

 c      

Voltage isolation to earth        

Closing speed        

Opening speed        

Key: 

 = Critical 

 = Important 

 = Slight impact 

 = Unimportant 
a The MRTS and ERTS are also referred to as MRTB (metallic return transfer breaker) and ERTB (earth return 

transfer breaker) although these terms can be confusing since these switches have no ability to interrupt 
fault current. 

b The steady-state current rating of the bypass switch can be alleviated by closing the parallel-connected 
disconnector, if installed. 

c Where a dedicated metallic return is used in the system:  . 

 

6.1.3 Ratings 

6.1.3.1 General 

There are no applicable international standards for high-speed switches used in HVDC 
applications and therefore no complete set of standard rating definitions. However, such 
switches are usually based on AC circuit-breakers, for which IEC 62271-100 is applicable, 
and IEC 62271-100 can provide general guidance for some aspects of HVDC applications. 
There are, in addition, some ratings defined uniquely for DC switches. Table 2 summarises 
which ratings are covered by existing standards and which require specific definitions for 
HVDC. 
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Table 2 – Table of standard ratings in accordance with IEC 62271-100  
and their applicability to high-speed DC switches 

Name Clause in 
IEC 62271-
100:2008 

Applicability to high-speed DC switches 

Applicable 
without 

modification 

Applicable with 
modification 

Not applicable 

Rated voltage (Ur) 4.1    

Rated insulation level 4.2    

Rated frequency (fr) 4.3    

Rated normal current (Ir) and temperature 
rise 

4.4    

Rated short-time withstand current (Ik) 4.5    

Rated peak withstand current (Ip) 4.6    

Rated duration of short circuit (tk) 4.7    

Rated supply voltage of closing and opening 
devices and of auxiliary and control circuits 
(Ua) 

4.8    

Rated supply frequency of closing and 
opening devices and auxiliary circuits 

4.9    

Rated pressures of compressed gas supply 
for insulation, operation and/or interruption 

4.10    

Rated short-circuit breaking current (Isc) 4.101    

Transient recovery voltage related to the 
rated short-circuit breaking current 

4.102    

Rated short-circuit making current 4.103    

Rated operating sequence 4.104    

Characteristics for short-line faults 4.105    

Rated out-of-phase making and breaking 
current 

4.106    

Rated capacitive switching currents 4.107    

Inductive load switching 4.108    

Opening time 4.109    

Closing time 4.109    

Number of mechanical operations 4.110    

Classification of circuit-breakers as a 
function of electrical endurance 

4.111    

 

6.1.3.2 Modified ratings 

6.1.3.2.1 General 

The following ratings are modified for HVDC applications of high-speed DC switches and 
therefore differ from the equivalent standard ratings defined in IEC 62271-100. 

6.1.3.2.2 Equivalent (AC) rated voltage (Urequiv) 

Although not recommended, where necessary in order to define other ratings of the DC switch, 
the equivalent AC rated voltage may be taken to be the next applicable standard AC rated 
voltage higher than the maximum operating direct voltage at the specific location of operation. 
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6.1.3.2.3 Rated insulation level 

Insulation levels for HVDC equipment are generally not standard levels as for AC equipment 
but instead are defined by the insulation coordination study for the project. 

Insulation levels shall be defined for both lightning and switching impulse wave shapes and 
may be defined separately for the following two cases: 

• between open terminals; 

• between terminals and earth. For testing purposes, it may be necessary to define 
insulation levels separately for the cases with open and closed contacts. 

6.1.3.2.4 Rated normal current (Ir) and temperature rise 

In the context of high-speed DC switches, rated normal current is defined as the maximum 
continuous DC current experienced by the equipment in the closed position. 

6.1.3.2.5 Rated short-time withstand current 

The rated short-time withstand current is the RMS value to which the switching device is 
subjected in its closed position under short-circuit conditions. It depends on system specific 
parameters and should be determined by system studies. 

6.1.3.2.6 Rated peak withstand current 

The rated peak withstand current is the initial current crest value to which the switching 
device is subjected in its closed position under short circuit conditions. It depends on system-
specific parameters and should be determined by system studies. 

6.1.3.2.7 Rated duration of short circuit 

The rated duration of short circuit is the interval of time to which the switching device is 
subjected in its closed position. It depends on system-specific parameters and should be 
determined by system studies. 

6.1.3.2.8 Rated overload current (Ir_overload) 

The rated overload current is the maximum short-duration overload current to which the DC 
switch can be subjected in operation in the closed position. Between two applications of 
overload currents, a cooling time is needed for the DC switch to reach the standard load 
conditions. This cooling time shall be specified by the manufacturer 

6.1.3.2.9 Rated short-circuit making current 

In the context of high-speed DC switches, the standard values of short-circuit making current 
defined in IEC 62271-100 do not apply. The rated short-circuit making current for each type of 
DC switch shall be determined by studies for the HVDC project in question. 

6.1.3.2.10 Rated operating sequence 

As opposed to the AC circuit-breaker whose function is to break and interrupt fault current, 
the function of a DC switch is to isolate the system or commutate current. In this application, 
the ability of the DC switch to close or reclose is important for the protection of the device. 

Switches that are required to carry or commutate DC current can have protection schemes 
that will initiate an auto-reclose if the DC current is not below a predetermined level. The 
reclosing cycle (dead time) shall be as short as possible to avoid the excessive arc energy 
that can appear when failing to commutate DC current. 
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However, DC switches generally do not require the multiple open-close-open cycles that are 
typical of conventional AC circuit-breakers. The rated operating sequence should therefore be 
determined on a case by case basis taking into account how the DC switch is to be used. The 
total number of operations under load conditions and the dead time between two opening 
operations should be given by the manufacturer of mechanical switch and surge arresters. 

6.1.3.2.11 Rated capacitive switching current 

The rated capacitive switching current for a DC switch is related to the capacitance that can 
be discharged as a result of switch operation, and should be determined by system studies. 

6.1.3.2.12 Opening time 

In the context of high-speed DC switches, the rated opening time is the interval of time 
between the instant of energising the opening release, the switch being in the closed position, 
and the instant when the contacts have separated. 

NOTE This rating is equivalent to the opening time defined in 3.7.133 (a) of IEC 62271-100:2008 except that the 
DC switch is effectively a single-pole device and it is therefore not appropriate to define the time based on the 
opening of all poles. 

6.1.3.2.13 Closing time 

In the context of high-speed DC switches, the rated closing time is the interval of time 
between energising the closing circuit, the switch being in the open position, and the instant 
when the contacts touch. 

NOTE This rating is equivalent to the closing time defined in 3.7.136 of IEC 62271-100:2008 except that the DC 
switch is effectively a single-pole device and it is therefore not appropriate to define the time based on the closing 
of all poles. 

6.1.3.2.14 Number of mechanical operations 

DC switches do not operate more frequently than AC circuit-breakers (no normal operation 
under load or no-load conditions). Therefore two classes of mechanical endurance are 
defined for mechanical switches: 

• M0 with 1 000 operation sequences, for mechanical switches designed for duties requiring 
a normal number of operations; 

• M1 with 2 000 operation sequences, for mechanical switches designed for special service 
duties requiring enhanced numbers of operations. 

The number of operations to be expected also depends on the switch function (i.e. whether it 
is an MRTS, BPS or other application) and should therefore be specified by the purchaser 
separately for each switch type. 

6.1.3.3 Additional ratings specific to HVDC 

6.1.3.3.1 General 

The following ratings are specific to HVDC applications of high-speed DC switches and 
therefore have no equivalent in IEC 62271-100. 

6.1.3.3.2 Rated direct voltage (Urdc) 

The rated direct voltage is defined as the maximum continuous direct operating voltage. For 
DC switching devices, a rated voltage to earth as well as a rated voltage between terminals 
need to be specified. Rated direct voltages for HVDC equipment are generally not standard 
levels as for AC equipment, but instead are defined by the design studies for the project. 
Rated direct voltages are typically a few percent higher than the nominal direct voltage in 
order to allow for measurement errors and control imbalances. 
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6.1.3.3.3 Rated direct voltage between open terminals (Urdcp) 

Maximum direct voltage appearing between the terminals of an open DC switch in operation. 

6.1.3.3.4 Rated direct voltage from terminals to earth (Urdce) 

Maximum direct voltage appearing between one or both terminals of a DC switch and earth in 
operation. In some applications (for example bypass switches), this rating can differ between 
the cases where the contacts are open or closed. 

6.1.3.3.5 Maximum commutating current 

The maximum direct current that the complete DC switch is required to commutate safely to a 
parallel conducting path. 

NOTE The commutating current rating applies to the complete DC switch assembly including the parallel resonant 
LC circuits and surge arresters as appropriate. 

6.1.4 Tests 

6.1.4.1 General 

Presently, there are no international testing standards specifically developed for high-speed 
DC switches. Where they are composed of AC circuit-breakers, the following testing 
requirements are applicable. 

The testing requirements and common specification for AC circuit-breakers are included in 
parts 1, 100, 102 and 109 of the IEC 62271 series. 

In general, all clauses of the above-referenced standards are applicable to DC switches 
except where stated in the 6.1.4.2 to 6.1.5.5. 

6.1.4.2 Type test 

6.1.4.2.1 General 

All of the applicable testing requirements outlined in IEC 62271-100 shall be followed. In 
addition to performing the test at power frequency, the test shall also be performed by 
applying the appropriate direct voltage as described below. 

Tables 3 to 6 summarise the dielectric type tests to be performed on four types of high-speed 
DC switch: commutation switches (such as MRTS), bypass switch, converter paralleling 
switch and line paralleling switch. 

The dielectric type tests shall be performed on a completely assembled switch mounted on a 
supporting structure, including grading elements if the switch is normally equipped with these. 
Where terminals are specified to be floating, the potential of the floating terminal shall be 
adjusted according to the theoretical voltage distribution across the open switch by suitable 
measures. 

6.1.4.2.2 Calculation of test voltages 

For tests that are performed with direct voltages, test voltages shall be calculated by 
multiplying the applicable rated direct voltage (Urdcp or Urdce) given in 6.1.3.3 by the test 
safety factors stated in Tables 3 to 6. 

NOTE Unlike AC systems, the term "rated voltage" in an HVDC system is project-specific and is related to the 
maximum direct operating voltage to earth of the HVDC system. 

For power-frequency voltage tests, the provisions in the existing IEC standards shall be 
followed. For impulse tests, the test levels are defined from insulation coordination studies. 
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Figure 3 explains the notation used in the tables in respect of where the test voltages are 
applied. 

 

 

Figure 3 – Key for application of test voltages 

6.1.4.2.3 Conditions of switching device during dielectric tests 

Dielectric tests shall be made on the mechanical switch completely assembled, as in service; 
the outside surfaces of insulating parts shall be in a clean condition. The mechanical switch 
shall be mounted for test with minimum clearances and height as specified by the 
manufacturer. 

Tests are valid if the height above ground during the tests is less than or equal to the height 
used in service. 

When the manufacturer states that supplementary insulation such as tape or barriers is 
required to be used in service, such supplementary insulation shall also be used during the 
tests. 

If arcing horns or rings are required for the purpose of system protection, they may be 
removed or their spacing increased for the purpose of the test. If they are required for voltage 
grading, they shall remain in position for the test. 

For mechanical switches using compressed gas for insulation, dielectric tests shall be 
performed at minimum functional pressure (density) for insulation as specified by the 
manufacturer. The temperature and pressure of the gas during the tests shall be noted and 
recorded in the test report. 

WARNING – In the dielectric testing of mechanical switches incorporating vacuum switching 
devices, precautions should be taken to ensure that the level of possible emitted X-radiation 
during high-voltage testing is within safe limits. National safety codes can influence the safety 
measures established. 

6.1.4.2.4 Direct voltage withstand test (dry and wet) 
a) Test procedure: 

1 hour, each polarity. Wet tests are applicable only for outdoor designs. 
b) Pass criteria: 

No disruptive discharge. 
c) Test conditions: 

As defined in Table 3. 

IEC 

A A 

F F 
a a 
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Table 3 – Test conditions for direct voltage test 

Switch 
condition 

Voltage 
applied to 

Earthed 
terminals 

Floating 
terminal 

Test 
voltage 

Applicability to various switch types 

=Mandatory; =Applicable if specified;  
=Not applicable 

Commutation 
switch 

By-pass 
switch 

Converter 
paralleling 

switch 
(CPS) 

Line 
paralleling 

switch 
(LPS) 

Closed Aa F  1,5 × Urdce     

Open 

A aF  1,5 × Urdcp     

A F a 1,5 × Urdce     

a AF  1,5 × Urdcp     

a F A 1,5 × Urdce     

 

6.1.4.2.5 Partial discharge test 
a) Test procedure: 

1 hour, each polarity. No separate partial discharge test is necessary if PD measurement 
is performed during DC withstand voltage test under dry condition. 

b) Pass criteria: 
No more than 10 pulses of partial discharge with magnitude equal to or greater than 
2 000 pC are recorded during the last 10 min of the test. Pulses that are proven to be 
external to the test object shall be disregarded. 

c) Test conditions: 
As defined in Table 4. 

If switches are part of a DC GIS, the requirements should be agreed between the 
manufacturer and the purchaser. 

Table 4 – Test conditions for partial discharge test 

Switch 
condition 

Voltage 
applied to 

Earthed 
terminals 

Floating 
terminal 

Test 
voltage 

Applicability to various switch types 

=Mandatory; =Applicable if specified;  
=Not applicable 

Commutation 
switch 

By-pass 
switch 

Converter 
paralleling 

switch 
(CPS) 

Line 
paralleling 

switch 
(LPS) 

Closed Aa F  1,3 × Urdce     

Open 

A aF  1,3 × Urdcp     

A F a 1,3 × Urdce     

a AF  1,3 × Urdcp     

a F A 1,3 × Urdce     

 

6.1.4.2.6 Polarity reversal test 
a) General 

In some designs of switch, the polarity reversal test is not critical, for example live-tank 
designs in which there is no highly stressed solid dielectric material in the insulating gap 
of the switch. In such cases, the polarity reversal test may be omitted with the agreement 
of the purchaser and the manufacturer. 
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