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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC PERFORMANCE OF HIGH VOLTAGE DIRECT
CURRENT (HVDC) OVERHEAD TRANSMISSION LINES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of [E is to promote
international co-operation on all questions concerning standardization in the electrigcall and ele ronic f|e|ds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides 8
Publication(s)”). Their preparation is entrusted to technical committees; any | i 3 iftee ipterested
in the subject dealt with may participate in this preparatory work S }

interested IEC National Committees.
IEC Publications have the form of recommendations fg
Publications is accurate,

misinterpretation by any end user.

In order to promote international uniformit
transparently to the maximum extent posgi

mittees undertake to apply IEC Publications
and regional publications. Any divergence

between any IEC Publication and the corre regional publication shall be clearly indicated in
the latter.

IEC itself does not provide pdependent certification bodies provide conformity
assessment services and o IEC marks of conformity. IEC is not responsible for any

members of its technical \ S Mational Committees for any personal injury, property damage or
other damage of 4 S ether dlrect or indirect, or for costs (|nc|ud|ng legal fees) and

Attention is ative’references cited in this publication. Use of the referenced publications is
indispe

Attentio he possibility that some of the elements of this IEC Publication may be the subject of
patent righ e held responsible for identifying any or all such patent rights

technical committees is to prepare International Standards. However, a

technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62681, which is a technical report, has been prepared by IEC technical committee 115:
High Voltage Direct Current (HVDC) transmission for d.c. voltages above 100 kV.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
115/71/DTR 115/84/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication 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 this pu indicates
that it contains colours which are considered to be useful for t onrectunderstanding
of its contents. Users should therefore print this public?aﬁo\ us@ rinter.
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INTRODUCTION

Electric fields and magnetic fields are produced in the vicinity of an HVDC transmission line.
When the electric field at the conductor surface exceeds a critical value, known as the corona
onset gradient, positive or negative free charges leave the conductor and interact with the
surrounding air and ionization takes place in the layer of surrounding air, leading to the
formation of corona discharges. The corona discharge will not only bring out corona loss but
also produce electromagnetic environment problems.

The parameters used to describe the electromagnetic environment of an HVDC transmission
line mainly include the:
1) electric field,

2) ion current,

3) magnetic field,

4) radio interference,

5) audible noise.

theoretical and experimental research was conducted’in many cou and relevant national
standards or enterprise standards were developéed. (T Report collects and
records the status of study and progress of eleg jefds
interference, and audible noise of HV an
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ELECTROMAGNETIC PERFORMANCE OF HIGH VOLTAGE DIRECT
CURRENT (HVDC) OVERHEAD TRANSMISSION LINES

1 Scope

This Technical Report provides general guidance on the electromagnetic environment issues
of HVDC transmission lines. It concerns the major parameters adopted to describe the
electromagnetic environment of a High-Voltage Direct Current (HVDC) transmission line,
including electric fields, ion current, magnetic fields radio interference d_audible noise
generated as a consequence of such effects. Engineers in different cour Q refer to this
Technical Report to:

ensure the safe operation of HVDC transmission lines,

limit the influence on the environment within acceptable rang

optimize engineering costs.
2 Terms and definitions
For the purposes of this document, the fqllowing

2.1
corona

2.2

electric field
constituent of an
together with the

2.3

space-charge-free electric field

electric field due to a system of energized electrodes, excluding the effect of space charge
present in the inter-electrode space

2.4
ion current
flow of electric charge resulting from the motion of ions

2.5

magnetic field

constituent of an electromagnetic field which is characterized by the magnetic field strength 4
together with the magnetic flux density B

[SOURCE: IEC 60050-121:1998, 121-11-69, modified — Note 1 has been deleted.]
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2.6
radio interference
degradation of the reception of a wanted signal caused by RF disturbance

2.7
audible noise
unwanted sound with frequency range from 20 Hz to 20 kHz

[SOURCE: IEC 61973:2012, 3.1.14]

3 Electric field and ion current

31 Description of the physical phenomena

forming a corona discharge. lons of both polarities are for
the conductor potential are attracted back towards the

e eHarges include air
ions and charged aerosols. Under the action of 3 e charge will move
directionally and ion current will be formed. The p al p@m ena~df electric field and ion

The electric field and ion current in th
mainly by the operating voltage and line
produces an electric field distributi
transmission lines, the eleg
time and, consequently,
immersed in these fields.

The electric fiel
transmission liney

whether corona disc

For the same\HVDCXransmission lines, the corona onset gradients of positive or negative
polarities.are~d ferent and the intensity and characteristics of corona discharges on positive
are also different. Consequently, during the design of HVDC
transmission lines, special consideration should be paid to the allowable values of the
maximum ground-levél electric field and ion current density [1]1.

Corona on a conductor of either positive or negative polarity produces ions of either the
positive or negative polarities in a thin layer of air surrounding each conductor [1]. However,
ions with a polarity opposite to that of the conductor are drawn to it and are neutralized on
contact. Thus, a positive conductor in corona acts as a source of positive ions and vice-versa.
For a unipolar d.c. transmission line, ions having the same polarity as the conductor voltage
fill the entire inter-electrode space between the conductors and ground. For a bipolar d.c.
transmission line, the ions generated on the conductors of each polarity are subject to an
electric field driven drift motion either towards the conductor of opposite polarity or towards
the ground plane, as shown in Figure 1. The influence of wind or the formation of charged
aerosols are not considered at this stage. Three general space charge regions are created in
this case:

1 Numbers in square brackets refer to the bibliography.
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a) a positive unipolar region between the positive conductor and ground,
b) a negative unipolar region between the negative conductor and ground,
c) a bipolar region between the positive and negative conductors.

For practical bipolar HVDC lines, most of the ions are directed toward the opposite polarity
conductor, but a significant fraction is also directed toward the ground. The ion drift velocity is
such that it will take at least a few seconds for them to reach ground. Actually, the molecules
traveling along ion paths are not always the same ions. In fact, collisions between ions and air
molecules occur during the travel at a rate of billions per second and cause charge transfer
and reactions between ions and neutral molecules, so the ions reaching the ground are quite
different from those that were originally formed by corona near the conductor surface. The
exact chemical identity of the ions, after a few seconds, will depend _on the chemical
composition and trace gases at the location.

ions flow from each conductor to ground or to the cgnd ctr of polarity along the flux
lines of the electric field distribution: while at tlfe 's electric field distribution is
influenced by the ionic space chargé 'strlu 0 the nonlinear interaction
described above, the space charge egion/ is affected by other factors

Mixing of ions of both polarities in the bipolat regioh s—fifstly, to a reduction in the net
space charge density and secondly, i and neutralization of ions of both
polarities.

\\
/.-*"
-~
/)‘Q\ RN

Positive
\ region

\
\
|

IEC

Figure 1 — Unipolar and bipolar space charge regions of a HVDC transmission line [1]

The corona-generated space charge, being of the same polarity as the conductor, produces a
screening effect on the conductor by lowering the electric field in the vicinity of the conductor
surface and consequently reducing the intensity of corona discharges occurring on the
conductor. In the unipolar regions, the space charge enhances the electric field at the ground
surface. The extent of electric field reduction at the conductor surface and field enhancement
at the ground surface depend on the conductor voltage as well as on the corona intensity at
the conductor surface. In the case of the bipolar region, however, the mixture of ions of
opposite polarity and ion recombination tend to reduce the screening effect on the conductor
surface. This leads to a smaller reduction in the intensity of corona activity near the
conductors than in the unipolar regions.
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The electrical environment at ground level under a bipolar HVDC transmission line is,
therefore defined mainly by three quantities:

a) electric field, E,

b) ion current density, J,

c) space charge density, p.

The electric field produced by HVDC overhead transmission lines is a vector defined by its
components along three orthogonal axes. The space charge density is a scalar. The ion

current density is also a vector, and it is determined by the electric field and space charge
density.

Very small currents in some cases may flow through an object or persdn located under the

ground-level electric field
g such as the number and

space charge fielghu
negative condu
environment. For

J = upk (2)

V-J=0 (3)

where

E and J are the electric field and ion current density vectors at any point in space,

P is the space charge density,
U is the ionic mobility,
& is the permittivity of free space.

The first Equation (1) is Poisson's equation, the second Equation (2) defines the relationship
between the current density and electric field vectors, and the third Equation (3) is the
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