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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE DIRECT CURRENT (HVDC) SYSTEMS -
GUIDANCE TO THE SPECIFICATION AND DESIGN
EVALUATION OF AC FILTERS -

Part 1: Overview

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatidg
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repd
Publicly Available Specifications (PAS) and Guides (hereafter referred to as *EC Publication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and non-governfmental organizations liais

ith the IEC also participate in this preparation. IEC collaborates closely withthe International Organization
Standardization (ISO) in accordance with conditions determined by agreement.between the two organization

[The formal decisions or agreements of IEC on technical matters expres§, as nearly as possible, an internatig
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natid
Committees in that sense. While all reasonable efforts are-made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national-or regional publication shall be clearly indicated in the laf

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confory
assessment services and, in some areasgaccess to IEC marks of conformity. IEC is not responsible for
services carried out by independent certifieation bodies.

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

No liability shall attach to IEC orNts directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn-te_the Normative references cited in this publication. Use of the referenced publication
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pa
rights. IEC.shall not be held responsible for identifying any or all such patent rights.
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IEC TR 62001-1 has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic systems
and equipment. It is a Technical Report.

This second edition cancels and replaces the first edition published in 2016. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

o

edition:
a) [general updating of the document to reflect changes in praclice;
b) | 10.2.4 on fuseless capacitors has been transferred to IEC TR 62001-4;
c) | Clause 11 on future developments has been expanded;
)

Th
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at
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filt
Th

sp

10.3.3 and Annex F on voltage sourced converters have been deleted as their conten
covered by IEC TR 62543.

b text of this Technical Report is based on the following documents:

DTR Report on voting
22F/614/DTR 22F/623A/RVDIR

| information on the voting for its approval can be found\in’the report on voting indicated i

above table.
b language used for the development of this Technical Report is English.

s document was drafted in accordance with“ISO/IEC Directives, Part 2, and developed
cordance with ISO/IEC Directives, Part 1-and ISO/IEC Directives, IEC Supplement, availa
www.iec.ch/members_experts/refdocs.~The main document types developed by IEC
scribed in greater detail at www.iec.ch/standardsdev/publications.

ist of all parts in the IEC TR«%2001 series, published under the general title High-volts
bct current (HVDC) systems— Guidance to the specification and design evaluation of
prs, can be found on the lE€ website.

e committee has decided that the contents of this document will remain unchanged until

stélbility date indicdted on the IEC website under webstore.iec.ch in the data related to

cific document. At this date, the document will be

reconfirmed,
withdrawn,

replaced by a revised edition, or

in
ble
hre

ge
AC

he
he

damended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

e IEC TR 62001 series is structured in-feur five parts:

IEC TR 62001-1 — Overview

This part concerns specifications of AC filters for high-voltage direct current (HVDC) systems
with line-commutated converters, permissible distortion limits, harmonic generation, filter
arrangements f||ter performance calculation, filter SW|tch|ng and reactive power management

ang-e

naramatara and raog e A nto

IEC TR 62001-2 — Performance

Th
fie

d measurements and verification.

IEC TR 62001-3 — Modelling

Th
AC

IE(

s part addresses the harmonic interaction across converters, “pre-existing harmoni
network impedance modelling, simulation of AC filter performance.

L TR 62001-4 — Equipment

s part deals with current-based interference criteria,-design-issues-and-specidlapplicatiops;

D
o
—_

Th(s part concerns steady-state and transient ratings.of AC filters and their components, power
losises, audible noise, design issues and spegial’ applications, filter protection, seismic
requirements, equipment design and test parameters.

IE¢ TR 62001-51 — AC side harmonics and.@ppropriate harmonic limits for high-voltage dir
cufrent (HVDC) systems with voltage sourced converters (VSC)

Th

Pa

s document concerns specific issyes of AC filter design related to VSC HVDC systems.

[ts 1 to 4 are written with fegus on line commutated converters.

1

Under preparation. Stage at the time of publication: IEC/RPUB 62001-5:2021.
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HIGH-VOLTAGE DIRECT CURRENT (HVDC) SYSTEMS -
GUIDANCE TO THE SPECIFICATION AND DESIGN
EVALUATION OF AC FILTERS -

Part 1: Overview

Th

evaluation of AC side harmonic performance and AC side filters for HVYDC schemes. If

int
iss
prd

Th
cu

Th
of
or
to
an

Th
(lin
als
Te

2

Th

3
Fo

3.1

Scope

s part of IEC 62001, which is a Technical Report, deals with the specification and des

bnded to be primarily for the use of the utilities and consultants who are esponsible
uing the specifications for new HVDC projects and evaluating desigrs” proposed
spective suppliers.

s document provides guidance on the specifications of AC filters/for high-voltage dir

e scope of this document covers AC side filtering for the frequency range of interest in ter
harmonic distortion and audible frequency disturbancess Where the term "HVDC convert
'HVDC station" is referred to without qualification, in this document, it is understood to re
| CC technology. It excludes filters designed to beleffective in the power line carrier (PL
J radio interference spectra.

e bulk of this document concentrates on the)"conventional" AC filter technology and L
e-commutated converter) HVDC-convertess.-Fhe-changes-entailled-by-new-technologies—
o—discussed- Voltage sourced convester (VSC) specific issues are discussed in CIG

chnical Brochure 754 [1]2 and in IECSER 62001-5 [2].

Normative references

bre are no normative refepences in this document.

Terms and definitions

" the purposes of this document, the following terms and definitions apply.

do

spfcification

rent (HVDC) systems with line-commutated converters and filter, performance calculation.

gn
is
for

by

4%
(2]
~

ms
er"
fer
C)

CC

RE

ument which defines the overall system requirements for an AC filter and the AC syst

14
3

environment in which it operates

Note 1 to entry: Such a document is normally issued by utilities to the prospective HVYDC manufacturers. It also

ens

ures the uniformity of proposals and sets guidelines for the evaluation of bids.

Note 2 to entry: The term as used here does not refer to the detailed engineering specifications relating to individual
items of equipment, which are prepared by the HVYDC manufacturer as a result of the filter design process.

Note 3 to entry: The specification defines the technical basis for a contract between two parties: the customer (3.2)

and

2

the contractor (3.3).

Numbers in square brackets refer to the Bibliography.
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3.2
customer
organization which is purchasing the HVDC converter station, including the AC filters

Note 1 to entry: The term "customer" is taken to cover similar terms which may be used in specifications, such as
owner, client, buyer, utility, user, employer and purchaser, and also covers a consultant representing the customer.

3.3

contractor

organization which has the overall responsibility for delivery of the HVDC converter station,
including the AC filters, as a system

Note 1 to entry: The contractor may in turn contract one or more sub-suppliers of individual items of equipment].

Notfe 2 to entry: The term "contractor" is taken to cover similar terms which may be used in specifications, such as
manufacturer, or supplier.

%4

Note 3 to entry: Where the context clearly refers to the pre-contract stage of a project, the word."bidder" has bgen
used instead of "contractor”, to indicate a prospective contractor, or tenderer.

3.
branch
ar
sef of components (capacitor, inductor, resistor), either _in\singular or interconnected
arrangement, which may be isolated off load for maintenance

SEIE: Figure 22
NOI 1 to entry: In interconnected arrangement, it forms a smallest tuned filter unit.

3.
sup-bank
ong or more branches which can be switched’/(connected or disconnected) on load for reactjve
poyer control

SEIE: Figure 22
Note 1 to entry: The switch does not neeessarily need to have fault clearing capability.

3.6
bahk
ong or more sub-bankstwhich can be switched together by a circuit breaker

SEE: Figure 22
4 | Outline of specifications of AC filters for HVDC systems

4.1 General

When installing an HVDC converter station in an AC system, the way in which it may affect the
quality of power supply in that system is always an important issue. One of the main power
quality topics is that of harmonic performance.

The AC side current of an HVDC converter has a highly non-sinusoidal waveform, and, if
allowed to flow in the connected AC system, might produce unacceptable levels of distortion.
AC side filters are therefore required as part of the total HVDC converter station, in order to
reduce the harmonic distortion of the AC side current and voltage to acceptably low levels.
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HVDC converters also consume substantial reactive power, a large proportion of which is
normally supplied locally within the converter station. Shunt connected AC filters appear as
capacitive sources of reactive power at fundamental frequency, and normally in conventional
HVDC schemes the AC filters are used to compensate most or all of the reactive consumption
of the converter. Additional shunt capacitors and reactors may also be used to ensure that the
desired reactive balance is maintained within specified limits under defined operational
conditions.

The design of the AC filters therefore normally has to satisfy these two requirements of
harmonic filtering and reactive power compensation, for various operational states and load
levets—Optimizatiormrof thisdesigmisthe task of the ACfitter desigmer, amdtheconstraimtsurnger
whjch the design is made are defined in the specification.

The AC filters form a substantial part of a conventional HVDC converter station. The
furldamental reactive power rating of the AC filters (including shunt capacitors where-applicable)
at pach converter station has typically been in the range of 50 % to 60 % of the active power
rating of the scheme. Together with the required switchyard equipment, the AC filters gan
ocg¢upy over half of the total land requirements of an HVDC scheme. The~cost of manufacture,
installation and commissioning of the AC filter equipment is significant,)being typically in the
approximate range of 10 % of the total station costs. In addition, thé-filter design studies gan
be|extensive and may have an impact on many other aspects of station design (see [1], [4], [5])
ang on the total project schedule. Once in operation, the AC filters.will continue to have a mgjor
importance due to requirements for switching, maintenance,,component spares, and reliabil|ty.

It is therefore important that the way in which the requirements for the AC filters are specif|ed
is such as to allow the design to be optimized in terms of all the above factors, while fulfilling
thg essential functions of disturbance mitigation and\reactive power compensation.

In general, this document assumes that the purchase of an HVDC converter station, includ|ng
A( filters, will be made on a turnkey or similarbasis, such as has been the case for the majority
of HVDC schemes to date. The discussjons herein of aspects such as provision of technigal
infpormation, allocation of risks and so-on therefore apply principally to such an all-inclusjve
approach. If the alternative approach of'specifying and purchasing equipment item by item were
adppted, then these aspects of the document would have to be reconsidered in the contex{ of
thg particular scheme, although“the purely technical content of the document would still [be
applicable.

Mast specifications for{HVDC projects are issued in a final format after definition of the details
of the project by the.customer and possibly consultants. An alternative approach which has
begen used is discussed in Annex A.

4.1 Boundaries of responsibility

Before ,atspecification enters into the detail of AC filter design requirements, it should first
clelarly define the boundaries of responsibility between customer and contractor.

In this respect, there are two extreme approaches.

a) The customer defines an AC system impedance, distortion limits and other performance
criteria to be satisfied by calculation, the calculation method, and the parameters to be taken
into account. The bidder, and later on the contractor, then makes studies and designs filters
based on this information, and has the responsibility to prove, to the satisfaction of the
customer, that the proposed filter design complies with all the specification requirements.
The risk that the AC filters do not perform adequately under field conditions lies mainly with
the customer.

b) At the other extreme, the customer defines only the maximum actual measured distortion
and disturbance to be permitted (or even more simply, that there are no problems of
distortion or disturbance). The customer may also specify field tests to confirm that the
defined limits are not exceeded. The bidder, and later on the contractor, then has full
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responsibility for determining the AC system impedance, defining all relevant parameters,
and designing AC filters which will perform in practice within the limits specified by the
customer (or proposed as reasonable by the contractor) and withstand all actual operating
conditions. Most risks in this case lie with the contractor.

For a customer with relatively little in-house study capability, approach b) might appear
attractive. However, there are several disadvantages to b), as follows.

e It implies that at the tender stage, several prospective contractors will all have to make
extensive studies of AC system impedance and local harmonic limit requirements. This will
be expensive and difficult to achieve during a short tender period. Therefore, these studjes
should be conducted by the customer or his consultant during the longer period whicH is
usually available before issue of the specification.

e | As the contractor has to assume risks, there will be a corresponding impact on pricing.

e | The customer may have to decide between completely different designs offered by bidders
working on quite different assumptions about the AC system.

e | There are significant practical difficulties in proving compliance during Vverification tests.

e |There is unlikely to be any overall financial gain, as the customer will eventually pay [for
studies done by the bidder/contractor as part of the overall contract’price.

In practice, most specifications adopt an approach which lies somewhere between these two
exfremes. For example, the customer may provide some jinformation about the AC system
configuration, maximum and minimum short-circuit powers»and expected future expansion, put
nof a full definition of AC system harmonic impedance.

The decision on where to place the boundary of responsibility will depend on the strategy] of
eath individual customer and on the information:and resources available to the customer. This
do¢ument does not recommend a particularyapproach, but rather provides the detailed
information necessary to guide decisions in this respect.

It is, however, strongly recommended.that this overall question is carefully considered by the
customer at an early stage, and that\the boundaries of responsibility and delivery are clegrly
defined in the specification according to the customer’s decision. The more detailed technigal
requirements of the specification-should then follow in accordance. Failure to make a clgar
definition of responsibility, and,to ensure that the detailed requirements of the specification are
in accordance with the general definition of responsibility, creates risks of contractual confljct,
delay and possible unsatisfactory performance of the AC filters.

Magst essentially, the-specification defines whether the criterion by which the filter performance
is o be judged as.satisfactory is to be

e |demonstration by calculation of performance parameters, using the specified data, or

e |measurement in the field after commissioning, or

e |atombination of the above.

Demonstration by calculation ensures that the worst-case conditions can be taken into account,
but allows scope for erroneous data or calculation methods. Measurement in the field may be
considered as the definitive proof of correct design, but it may not be possible to make
measurements under the most onerous environmental and AC and DC system conditions for
which the design has been made. Also, the impact of pre-existing harmonic distortion in the AC
system is taken into account, by measuring pre-existing harmonic levels with the HVDC
converters blocked {and with AC filters both-