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INTRODUCTION

0.1 Introduction

This document is intended as guidelines to all aspects of DC side harmonic behaviour and filters
for HVDC transmission systems. It is based on CIGRE Technical Brochure 811 [1]! developed
by CIGRE Working Group B4.68. CIGRE sought to bring together the experience, and consider
the interests, of different sectors of the HVYDC community to produce a Brochure [1] of interest
to all parties concerned, including utilities, suppliers and consultants.

The objective of this document is to provide information to enable informed and intelligent
decisions to be made by those concerned. Where there are different possible approaches to
some aspect of design, the relative merits are discussed.

0.2 Continuing relevance

Two major technological changes have transformed the subject area of Technical Brochure 811
[1] since publication of the original CIGRE Technical Brochure 92 [2] on the same topic:

a) The replacement of analogue telephone systems by digital and optical and mobile (cell
phone) technologies has reduced the relevance of inductive interference from HVDC lines,
although there remain areas where local analogue telephone connections can still be
affected.

b) The introduction of VSC HVDC converters with inherently lower harmonic generation, and
often with underground cable transmission, has largely removed the need for DC side filters
in HVDC projects using such technology.

The question might therefore be asked — if it is not useful to have DC filters in many future
projects, is there a need for this document dealing with DC side harmonics and filtering? Strong
justifications are given below.

c) National or international regulations governing electro-magnetic compatibility (EMC) often
demand that no interference be caused to third parties, and this is an element to consider
for third parties or regulators before an HVDC project can obtain planning permission or
enter operation. Definitions of such interference include the frequency range addressed in
this Technical Specification. Studies can be required to reduce the risk to all parties involved
in an HVDC project, even if the conclusion is that no special mitigation measures are
required.

d) There can be a telephone interference issue in regions where analogue technology is still
used for the final connection from an exchange to the consumer’s premises, especially
where telephone cables and HVDC cables are laid in, or alongside, the same road.

e) Some digital communication can be subject to interference or safety hazard from induction,
even if not affected directly at audible frequencies.

f) Possible resonance of the DC transmission system at harmonic frequencies should always
be considered and studied.

g) Coupling with parallel AC transmission lines in the same corridor, or even on the same
tower, is becoming increasingly topical due to restrictions on the construction of new
overhead lines.

h) The owners of older HVDC projects undergoing refurbishment might wish to consider
whether their DC filters are still required, and this will necessitate studies.

i) As DC filters and DC side harmonic issues become less common, the expertise in this field
will diminish, and therefore the comprehensive record of knowledge encapsulated in this
document will be a valuable reference.

1 Numbers in square brackets refer to the Bibliography.
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1 Scope

This document is intended to inform and guide the harmonic design of the DC side of HVDC
projects. It considers all aspects of AC current and voltage occurring on the DC circuit and also
the interaction with adjacent systems.

The switching action in HVDC converters results in a wide spectrum of harmonics. These range
from the fundamental frequency to the radio frequency range. Traditionally the specification of
DC side harmonic performance has been limited to the frequency range of interest for induced
audible noise on nearby telephone systems. Often a limit of 50th harmonic has been applied,
corresponding to 2 500 Hz or 3 000 Hz on 50 Hz and 60 Hz systems respectively. Occasionally
the range has been extended to 5 000 Hz. This frequency range has corresponded to the
spectrum of characteristic harmonic generation from thyristor line-commutated converters
(LCC).

The introduction of HVDC voltage sourced converters (VSC) has meant that although the
magnitude of DC side harmonic generation from these converters is generally lower, the
generated spectrum of interest extends to higher frequencies.

The scope of this document therefore covers the frequency range up to approximately 5 000 Hz.
Higher frequencies are mentioned only when relevant. The scope excludes the much higher
frequency ranges appropriate to PLC communication and the radio interference spectra.

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 60633, High-voltage direct current (HVDC) transmission - Vocabulary

IEC 62747, Terminology for voltage-sourced converters (VSC) for high-voltage direct-current
(HVDC) systems
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