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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINE FOR THE SYSTEM DESIGN OF HVDC CONVERTER
STATIONS WITH LINE-COMMUTATED CONVERTERS

AMENDMENT 1

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.

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(s), 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.

Amendment 1 to IEC TR 63127:2019 has been prepared by IEC technical committee 115: High
Voltage Direct Current (HVDC) transmission for DC voltages above 100 kV.

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

Draft Report on voting

115/361/DTR 115/364/RVDTR

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 Amendment 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/.

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.

INTRODUCTION

Replace, in the first paragraph, "almost half of HVDC projects were commissioned after the year
2000." with "more than half of HVDC projects were commissioned after the year 2000."

Add, in the last sentence of the second paragraph, the words "line-commutated converter
(LCC)" before "HVDC systems".

Replace, in the second sentence of the third paragraph, the value "660 kV" with "1 100 kV".

Delete, the last two sentences of the third paragraph, starting from "In addition" to the end of
that paragraph.

5.2.4 AC/DC interaction and control

Delete, in the second sentence of the last paragraph, the words "and no extra cost added."

6.3.5 Short-circuit current or capacity level

Replace the content of the existing subclause with the following:

The interconnected AC system strength impacts the HVDC system design. A weak AC system
will give rise to special requirements and extra costs for HVDC projects, such as special control
strategies, need for multiple small reactive power sub-banks and additional synchronous
condensers or other static reactive power devices, like synchronous compensator (STATCOM),
static var compensator (SVC), TCSC, SCC, etc. The increase in the number of connections of
renewable energy sources nowadays is leading to a decrease in system strength.

The short circuit ratio (SCR) is used to evaluate the strength of an AC system terminated to the
HVDC link especially in planning stage. Considering the negative contribution of AC filter / shunt
capacitor banks on the short-circuit current/capacity, the effective short-circuit ratio (ESCR) is
usually given.

A STATCOM installed inside or near the converter station could improve the adaptability of the
HVDC system to the AC system. In order to obtain enough ESCR, the capacity of installed
STATCOM can be evaluated by the formula ESCR = (Sg. + 20¢iat) / Pycn: Where Qg is the
capacity of STATCOM. The performance of STATCOM should be demonstrated by simulation
with real control in detail design.
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A capacitor commutated converter (CCC) HVDC converter could improve the adaptability of the
HVDC system to a weak AC system, too, as an alternative to STATCOM. This solution can be
used to adapt the HVDC system to a weak AC system with an effective short-circuit ratio down
to 1.0, as per 5.1.2 of CIGRE TB No. 352.

Both the maximum and the minimum three-phase short-circuit current can be specified for HYDC
system design and study. Which short-circuit current will be used for a specific design or study
can be decided on a case-by-case basis in order to derive maximum equipment stresses. For
example, the maximum short-circuit current is usually used to determine the surge current rating
of equipment such as valves and smoothing reactors. The minimum short-circuit current is
normally used in studies such as fundamental frequency overvoltage study and AC side
transient overvoltage study.

For projects constructed in stages, the short-circuit currents and HVDC power can vary from
stage to stage. The SCR can be identified in each stage and scenario.

The calculation of the short-circuit current can be carried out using conventional system stability
programs.

7.1.1 Rated power

Replace, in the first paragraph, the values "10 000 MW at +800 kV" with "12 000 MW at
1100 kV".

7.2.1 Pole and return path

Replace, in the first sentence of the second paragraph, the words "become a bipolar system."
with "form a bipolar system."

7.2.3.1 General

Replace, in the second paragraph, the words "A neutral bus ground switch (NBES)" with "A
neutral bus earthing switch (NBES)".

10.2.1 Reactive power consumption calculation

Replace the existing Equation (32)

2u +sin20 —sin2(a +u)
4(cosa —cos(a +u))

Qconv = 14 Udio
with the new Equation (32):

2u+sin2a —sin2(a + u)

=1,-Uy
Oconv d"Ydio 4(cosa—COS(a+ﬂ))

(32)

Replace, the existing Equation (34) u = arccos| cosa — 2dy da_ Udion —a
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