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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ELECTROMAGNETIC PERFORMANCE OF HIGH VOLTAGE DIRECT  

CURRENT (HVDC) OVERHEAD TRANSMISSION LINES 
 

FOREWORD 
1) 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. 

2) 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.  

3) 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. 

4) 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. 

5) 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. 

6) All users should ensure that they have the latest edition of this publication. 

7) 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.  

8) 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. 

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

This redline version of the official IEC Standard allows the user to identify the changes made to 
the previous edition IEC TR 62681:2014. A vertical bar appears in the margin wherever a change 
has been made. Additions are in green text, deletions are in strikethrough red text. 
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IEC TR 62681 has been prepared by IEC technical committee 115: High Voltage Direct Current 
(HVDC) transmission for DC voltages above 100 kV. It is a Technical Report. 

This second edition cancels and replaces the first edition, published in 2014. This edition 
constitutes a technical revision. 

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

a) the limits of total electric field in some countries have been supplemented and improved; 
b) the definition of 80 %/80 % criteria of radio interference has been clarified; 
c) a table has been added for bipolar excitation which shows the parameters of the IREQ radio 

interference excitation function; 
d) the clause of CEPRI research results of audible noise has been deleted; 
e) the clause of main conclusion of audible noise has been deleted. 

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

Draft Report on voting 

115/289/DTR 115/292/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 Technical Report is English. 

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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

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

 

  

https://www.iec.ch/members_experts/refdocs
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INTRODUCTION 

Electric fields and magnetic fields are produced in the vicinity of a High Voltage Direct Current 
(HVDC) overhead 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 result in 
corona loss but also change the electro-magnetic properties around the HVDC overhead 
transmission lines. 

The parameters used to describe the electromagnetic environment performance of an HVDC 
overhead transmission line mainly include the: 

1) electric field, 
2) ion current, 
3) magnetic field, 
4) radio interference, 
5) audible noise. 

To control these parameters in a reasonable and acceptable range, for years, a great deal of 
theoretical and experimental research was conducted in many countries, and relevant national 
standards or enterprise standards were developed. This document collects and records the 
status of study and progress of electric fields, ion current, magnetic fields, radio interference, 
and audible noise of HVDC overhead transmission lines. It is recognised that general technical 
discussion given in this document would be applicable for HVDC sub-stations as well; However, 
since layout of a station differs very differently, expressions given for HVDC overhead 
transmission line cannot be directly used as many assumptions would not hold good. 
Furthermore, an HVDC sub-station is not accessible to the general public, thus the numbers 
and limits given in this document are not applicable for HVDC sub-stations. 
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ELECTROMAGNETIC PERFORMANCE OF HIGH VOLTAGE DIRECT  
CURRENT (HVDC) OVERHEAD TRANSMISSION LINES 

 
 
 

1 Scope 

This document provides general guidance on the electromagnetic environment issues of HVDC 
overhead transmission lines. It concerns the major parameters adopted to describe the 
electromagnetic environment properties of an HVDC overhead transmission line, including 
electric fields, ion current, magnetic fields, radio interference, and audible noise generated as 
a consequence of such effects. If the evaluation method and/or criteria of electromagnetic 
properties are not yet regulated, engineers in different countries can refer to this document to: 

– ensure support/guide the safe operation electromagnetic design of HVDC overhead 
transmission lines,  

– limit the influence on the environment within acceptable ranges, and  
– optimize engineering costs.  

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1   
corona 
set of partial discharges in a gas, immediately adjacent to an uninsulated or lightly insulated 
conductor which creates a highly divergent field remote from other conductors 

[SOURCE: IEC 60050-212:2010, 212-11-44, modified – Note 1 has been deleted.] 

3.2   
electric field 
constituent of an electromagnetic field which is characterized by the electric field strength E 
together with the electric flux density D 

Note 1 to entry: In the context of HVDC transmission lines, the electric field is affected not only by the geometry of 
the line and the potential of the conductor, but also by the space charge generated as a result of corona; 
consequently, electric field distribution may vary non-linearly with the line potential. 

[SOURCE: IEC 60050-121:1998, 121-11-67, modified – The original note has been deleted and 
Note 1 to entry has been added.] 

3.3   
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 

http://www.electropedia.org/
http://www.iso.org/obp
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FOREWORD 
1) 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. 

2) 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.  

3) 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. 

4) 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. 

5) 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. 

6) All users should ensure that they have the latest edition of this publication. 

7) 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.  

8) 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. 

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

IEC TR 62681 has been prepared by IEC technical committee 115: High Voltage Direct Current 
(HVDC) transmission for DC voltages above 100 kV. It is a Technical Report. 

This second edition cancels and replaces the first edition, published in 2014. This edition 
constitutes a technical revision. 

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

a) the limits of total electric field in some countries have been supplemented and improved; 
b) the definition of 80 %/80 % criteria of radio interference has been clarified; 
c) a table has been added for bipolar excitation which shows the parameters of the IREQ radio 

interference excitation function; 
d) the clause of CEPRI research results of audible noise has been deleted; 
e) the clause of main conclusion of audible noise has been deleted. 
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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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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contains colours which are considered to be useful for the correct understanding of its 
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INTRODUCTION 

Electric fields and magnetic fields are produced in the vicinity of a High Voltage Direct Current 
(HVDC) overhead 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 result 
in corona loss but also change the electro-magnetic properties around the HVDC overhead 
transmission lines. 

The parameters used to describe the electromagnetic performance of an HVDC overhead 
transmission line mainly include the: 

1) electric field, 
2) ion current, 
3) magnetic field, 
4) radio interference, 
5) audible noise. 

To control these parameters in a reasonable and acceptable range, for years, a great deal of 
theoretical and experimental research was conducted in many countries, and relevant national 
standards or enterprise standards were developed. This document collects and records the 
status of study and progress of electric fields, ion current, magnetic fields, radio interference, 
and audible noise of HVDC overhead transmission lines. It is recognised that general technical 
discussion given in this document would be applicable for HVDC sub-stations as well; However, 
since layout of a station differs very differently, expressions given for HVDC overhead 
transmission line cannot be directly used as many assumptions would not hold good. 
Furthermore, an HVDC sub-station is not accessible to the general public, thus the numbers 
and limits given in this document are not applicable for HVDC sub-stations. 
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ELECTROMAGNETIC PERFORMANCE OF HIGH VOLTAGE DIRECT  
CURRENT (HVDC) OVERHEAD TRANSMISSION LINES 

 
 
 

1 Scope 

This document provides general guidance on the electromagnetic environment issues of HVDC 
overhead transmission lines. It concerns the major parameters adopted to describe the 
electromagnetic properties of an HVDC overhead transmission line, including electric fields, ion 
current, magnetic fields, radio interference, and audible noise generated as a consequence of 
such effects. If the evaluation method and/or criteria of electromagnetic properties are not yet 
regulated, engineers in different countries can refer to this document to: 

– support/guide the electromagnetic design of HVDC overhead transmission lines,  
– limit the influence on the environment within acceptable ranges, and  
– optimize engineering costs.  

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1   
corona 
set of partial discharges in a gas, immediately adjacent to an uninsulated or lightly insulated 
conductor which creates a highly divergent field remote from other conductors 

[SOURCE: IEC 60050-212:2010, 212-11-44, modified – Note 1 has been deleted.] 

3.2   
electric field 
constituent of an electromagnetic field which is characterized by the electric field strength E 
together with the electric flux density D 

Note 1 to entry: In the context of HVDC transmission lines, the electric field is affected not only by the geometry of 
the line and the potential of the conductor, but also by the space charge generated as a result of corona; 
consequently, electric field distribution may vary non-linearly with the line potential. 

[SOURCE: IEC 60050-121:1998, 121-11-67, modified – The original note has been deleted and 
Note 1 to entry has been added.] 

3.3   
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 

http://www.electropedia.org/
http://www.iso.org/obp



