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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER LOSSES IN VOLTAGE SOURCED
CONVERTER (VSC) VALVES FOR HIGH-VOLTAGE
DIRECT CURRENT (HVDC) SYSTEMS -

Part 2: Modular multilevel converters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz:tio. con. >rising
all national electrotechnical committees (IEC National Committees). The object of IEC 's tc r.omote
international co-operation on all questions concerning standardization in the electrical and electrc ic fields. To
this end and in addition to other activities, IEC publishes International Standards, Techrical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter rei>red to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National C>r mittee interested
in the subject dealt with may participate in this preparatory work. International, ¢~vernr ental and non-
governmental organizations liaising with the IEC also participate in this preparatio . IE\. coiiaborates closely
with the International Organization for Standardization (ISO) in accordan~e w:i.» cc..ditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, 11s nearly as possible, an international
consensus of opinion on the relevant subjects since each technica. ccmmittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for intemnatic nal ¢se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are.ma.'e tc ~iisure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible .>r t1 = way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natior.»| C mmittees undertake to apply IEC Publications
transparently to the maximum extent possible in their nauonal and regional publications. Any divergence
between any IEC Publication and the correspondirg national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation <f cuonte.mity. Independent certification bodies provide conformity
assessment services and, in some areas, «ces” to IEC marks of conformity. IEC is not responsible for any
services carried out by independent <ertif c~uon bodies.

6) All users should ensure that they ha:e 1. e latest edition of this publication.

7) No liability shall attach to IEC oi"its \'irectors, employees, servants or agents including individual experts and
members of its technical comri.ires cad IEC National Committees for any personal injury, property damage or
other damage of any nature v.atsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of. he :t*ication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn t> the Normative references cited in this publication. Use of the referenced publications is
indispensable for the v >rrict application of this publication.

9) Attention is d avn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. 'EC _hall not be held responsible for identifying any or all such patent rights.

DISCLAIMER
This ©cnsolidated version is not an official IEC Standard and has been prepared for
nsuy coivenience. Only the current versions of the standard and its amendment(s)
ave tu be considered the official documents.

This Consolidated version of IEC 62751-2 bears the edition number 1.1. It consists of
the first edition (2014-08) [documents 22F/303/CDV and 22F/322A/RVC] and its
amendment 1 (2019-08) [documents 22F/479/CDV and 22F/488B/RVC]. The technical
content is identical to the base edition and its amendment.

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 62751-2 has been prepared by subcommittee 22F: Power
electronics for electrical transmission and distribution systems, of IEC technical committee 22:
Power electronic systems and equipment.

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

A list of all parts in the IEC 62751series, published under the general title Power losses in
voltage sourced converter (VSC) valves for high-voltage direct current (HVDC) systems, can
be found on the IEC website.

The committee has decided that the contents of the base publication and its amendment wili
remain unchanged until the stability date indicated on the I|IEC web site. uxder
"http://webstore.iec.ch" in the data related to the specific publication. At this datc. tie
publication will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover pane Hf this publication indicates
that it contains colours which are considered to %Yz .useful for the correct
understanding of its contents. Users should therefcre pint this document using a
colour printer.
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POWER LOSSES IN VOLTAGE SOURCED
CONVERTER (VSC) VALVES FOR HIGH-VOLTAGE
DIRECT CURRENT (HVDC) SYSTEMS -
Part 2: Modular multilevel converters
1 Scope

This part of IEC 62751 gives the detailed method to be adopted for calculating the how~r
losses in the valves for an HVDC system based on the “modular multi-level converter” wi.2re
each valve in the converter consists of a number of self-contained, two-terming( cuntrc.'able
voltage sources connected in series. It is applicable both for the cases where €c~h \..odular
cell uses only a single turn-off semiconductor device in each switch position, ana the case
where each switch position consists of a number of turn-off semiconductor duvices in series
(topology also referred to as “cascaded two-level converter”). The main fcrmuia » are given for
the two-level “half-bridge” configuration but guidance is also given in<Annox A as to how to
extend the results to certain other types of MMC building block configurat .

The standard is written mainly for insulated gate bipolar transistors (\GBTs) but may also be
used for guidance in the event that other types of turn-off ser ic ~nductor devices are used.

Power losses in other items of equipment in the HVDC stuition, apart from the converter
valves, are excluded from the scope of this standard.

This standard does not apply to converter val.es for line-commutated converter HVDC
systems.

2 Normative references

The following documents, in whole ar i part, are normatively referenced in this document and
are indispensable for its applicat.on. For dated references, only the edition cited applies. For
undated references, the !'7te.t edition of the referenced document (including any
amendments) applies.

IEC 60633, Termino'oy  fc- high-voltage direct-current (HVDC) transmission

IEC 61803, Deli~rminai.on of power losses in high-voltage direct current (HVDC) converter
stations

IEC 62747, Terminology for voltage-sourced converters (VSC) for high-voltage direct current
(F'VE2) cystems

IEC 62751-1:2014, Power losses in voltage sourced converter (VSC) valves for high-voltage
u'rect current (HVDC) systems — Part 1: General requirements

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC 60633, IEC 62747,
IEC 62751-1, as well as the following apply.
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