IEC TR 63042-100:2016-12(en)

IEC TR 63042-100

TECHNICAL
REPORT

Edition 1.0 2016-12

UHV AC transmission systems —
Part 100: General information




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 15 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch

IEC TR 63042-100

Edition 1.0 2016-12

TECHNICAL
REPORT

UHV AC transmission systems —
Part 100: General information

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.240.01 ISBN 978-2-8322-3791-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 63042-100:2016 © IEC 2016

CONTENTS

FOREWORD ... e 5
INTRODU CTION ..o 7
1 IS ToTo ] o1 S PP 8
2 NOIMAtIVE TEIBIENCES .iuniieii et e e e aaas 8
3 Terms and definitioNs ... s 8
4 =Y T oo P 8
4.1 LT 1= = | PP 8
4.2 Security and stability ... ..o 9
4.3 T AN S MISSION SY S M S ..t 9
4.4 SYSIEM VOITAGE .ot 10
4.5 Reliability and availability........ .o 10
4.6 TransmisSSION NEIWOIK ... e eeae e 11
4.7 NetWOrK reqUIrEMENT . .. e 11
4.8 TransSmMiSSION PlANMING ..o e e e et e et e e e 11

TR 3 V753 1= 0 o =] [ o P 11
5.1 LT 1= - | PN 11
5.2 System design and SOIULIONS .. ... 11
5.2.1 Reactive power compensation ..o 11
5.2.2 Protection SCheme .. ... 12
5.2.3 ReCIOSING SChEME ..o 12

5.3 Insulation CoOrdiNation ... ..o 12
5.3.1 GBNEIAl e 12
5.3.2 Lightning overvoltage ... 12
5.3.3 Slow front overvoltage (SFO) ... 12
5.3.4 Very fast front overvoltage (VFFO) ..., 13
5.3.5 AC temporary OVervoltage . ....oovuiiii it 13

6  Transmission line and substation design..........oo 13
6.1 LY o 1= - | PPN 13
6.2 TrANSMISSION [INE e e e et e et e e aaea e 14
6.2.1 (7Y 1= - | PP 14
6.2.2 Basic concept for selecting the UHV AC transmission line ...........ccoooeeiieiiennnes 14
6.2.3 Conductor design for the transmission line ............ccooiiiiiiiiii i 14
6.2.4 Pollution design for inSulators ... 14
6.2.5 Air clearance between tower and conductor...........cooooiiiiiii 14
6.2.6 Right of Way (ROW ) ... e 14
6.2.7 Height of CONAUCTON .....iiei 14
6.2.8 Structural tower design, foundation...........cccooiiiiiii 15

6.3 SUD St ON Lo e 15
6.3.1 Area survey and SeleCtion.... ... 15
6.3.2 Substation bus SCheME........ii 15
6.3.3 Substation switchgear type ... ..o 16
6.3.4 EQUIpPMENt [ayOUL ... ..o 18

6.4 Main equipment for the substation and related design................cooiiiii. 19
6.4.1 (7Y U= - | PP 19
6.4.2 POWET transSfOrMErs ..o 19

6.4.3 SWITCNG AT . et 19



IEC TR 63042-100:2016 © IEC 2016 -3-

6.4.4 AN ClEAIANCE .. 19
6.4.5 SEISMIC PEIOIMANCE ...eiiiei e e 20
6.4.6 LI = LY o | o7 U T P 20
6.4.7 Substation electrical auxiliary system ... 20

6.5 Control and protection and communication..............c.cooiiiiiiiiiii i 20

B O o 1= U o 4 o o TP 20
7.1 LT a1 =Y PP 20
7.2 TranSMISSION lIN@ ... e 21
7.21 Transportation and preparing work at site ... 21
7.2.2 FOUNAatiON ..o e 21
7.2.3 ASSEMDBIING Of TOWET ..ot e 21
7.2.4 1 (T o 110 PRSPPI 21
7.2.5 QUAIILY CONEIOL oo e 21

7.3 SUD S AN Lo 21
7.3.1 TranSPOrtatioN .o e 21
7.3.2 INSTAIIAtION ... 21

LO7e] 0010 0T E-T=TT0] 11 o o [P PP 22
Operation and MaiNtENaANCE ... ..ot e 22

9.1 TranSMISSION TINES ... e 22
9.2 SUD S ATIONS e 23
9.2.1 LY o= = | P 23
9.2.2 (0] 7= = 14 o] o [P 23
9.2.3 MaiNtENANCE ... 23

10  Environmental conSiderations ........c.vi i 24
10.1  TransSmMISSION lINES ...uniei e 24
10.1.1 (7Y 1= - | PP 24
10.1.2 E M e e e 24
10.1.3 Electrostatic iNndUCtioN..... ... 24
10.1.4 Electromagnetic iNndUCHON ... ... 25
10.1.5 Audible noise with corona discharge..........ccoocoiiiiiii 25
10.1.6 Radio interference with corona discharge ..................cooiiiii i, 25
10.1.7 L A7 g o N g o T -1 - 25
10.1.8 Environmental impact ... ... 25
10,2 SUDS At ONS e 25
10.2.1 Earthing deSign ... 25
10.2.2 Electrostatic-induction design .......ccooviiiiiii i 25
10.2.3 Audible noise mitigation design ..o 26
10.2.4 Disaster-prevention design ..o 26

(27 o] [ To | £=T o1 0V PPN 27
FIgure 1 — BUS SCREMIE ..o e e et e 16
Figure 2 — General method of commissioning 0N Site .........ciiiiiiiii e 22

Figure 3 — Basic way of considering operation and maintenance of UHV AC
SUD S AT ONS L. e e 24

Table 1 — AC three-phase systems having a highest voltage for equipment exceeding
B0 KV e ettt e e e e e e eneanns 10

Table 2 — Comparison of lightning fault between UHV and 550 kV systems........................... 10



-4 - IEC TR 63042-100:2016 © IEC 2016

Table 3 — Substation switchgears’ comparison (GIS, Hybrid-IS, and AIS).............ccooiiiienn. 17
Table 4 — The principle technology designs for substations (their components and bays)



IEC TR 63042-100:2016 © IEC 2016 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

UHV AC TRANSMISSION SYSTEMS -

Part 100: General information

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.

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.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected a
different kind of data from that which is normally published as an International Standard, for
example “state of the art”.

The technical report IEC 63042-100 was prepared by IEC Technical Committee 122: UHV AC
transmission systems.

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

Enquiry draft Report on voting
122/29/DTR 122/31A/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 document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 63042 series, published under the general title UHV AC
transmission systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be:

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

UHV AC transmission systems are capable of transmitting large amounts of electric power.
However, if a failure occurs in a UHV AC system, the system influence can be severe from the
viewpoints of reliability and overall security of the supply of the power system. Most UHV AC
substations are located far from city areas, with large equipment in size and mass installed.
Equipment is transported over long distances from where it is manufactured and tested to
where it is installed and commissioned. Also, the installation time of equipment is generally
longer compared with lower voltage classes. For UHV AC transmission lines, the design of
insulation is an important aspect due to non-linearity effect.

Therefore, securing the reliability, availability, and environmental aspects are crucial issues.
Standards and/or applications guidance, as relevant, in the following aspects of UHV AC
transmission systems exceeding 800 kV are necessary:

a) planning (guidance);

b) design;

c) technical requirements (exclusively systems-related);

d) construction;

e) commissioning;

f) reliability;

g) availability (continuity of power supply, % availability);

h) operation;

i) maintenance.

This document describes both specific issues to UHV AC transmission systems and common

issues of UHV AC and lower voltage transmission systems because it is very easy to
understand UHV AC transmission systems as a whole.

In this Technical Report, minimum items or requirements for the standards and guidelines for
each step of UHV AC transmission systems are described.
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UHV AC TRANSMISSION SYSTEMS -

Part 100: General information

1 Scope

This part of IEC 63042, which is a Technical Report, specifies the reference for the standards
and guidelines for UHV AC transmission systems. This document provides an overview of
these standards as well as guidelines.

This document is developed to clarify standardization items and/or guideline items for UHV
AC transmission systems. It describes the items to be considered for each stage of planning,
design, construction, commissioning, operation, and maintenance during the development of
IEC publications for UHV AC transmission systems.

NOTE Based on this IEC/TR 63042-100, TC 122 will prepare the standards and guidelines for UHV AC
transmission systems, but it is not limited by the framework of the TR. A systematic approach is necessary for the
preparation of systems-oriented specifications such as those for planning, design, technical requirements,
construction, commissioning, reliability, availability, operation, and maintenance.

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 60038, IEC standard voltages

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules

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:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
UHV AC
the highest voltage of the AC transmission system exceeding 800 kV

Note 1 to entry: UHV stands for Ultra High Voltage.
4 Planning

4.1 General

Large scale power sources have been developed. It is important to transmit the electric power
efficiently from these power sources to consumption areas. Moreover, the network
enhancement might decrease the system stability and worsen fault current problems. To


http://www.iso.org/obp

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Planning
	4.1 General
	4.2 Security and stability
	4.3 Transmission systems
	4.4 System voltage
	4.5 Reliability and availability
	4.6 Transmission network
	4.7 Network requirement
	4.8 Transmission planning

	5 System design
	5.1 General
	5.2 System design and solutions
	5.2.1 Reactive power compensation
	5.2.2 Protection scheme
	5.2.3 Reclosing scheme

	5.3 Insulation coordination
	5.3.1 General
	5.3.2 Lightning overvoltage
	5.3.3 Slow front overvoltage (SFO)
	5.3.4 Very fast front overvoltage (VFFO)
	5.3.5 AC temporary overvoltage


	6 Transmission line and substation design
	6.1 General
	6.2 Transmission line
	6.2.1 General
	6.2.2 Basic concept for selecting the UHV AC transmission line
	6.2.3 Conductor design for the transmission line
	6.2.4 Pollution design for insulators
	6.2.5 Air clearance between tower and conductor
	6.2.6 Right of way (ROW)
	6.2.7 Height of conductor
	6.2.8 Structural tower design, foundation

	6.3 Substation
	6.3.1 Area survey and selection
	6.3.2 Substation bus scheme
	6.3.3 Substation switchgear type
	6.3.4 Equipment layout

	6.4 Main equipment for the substation and related design
	6.4.1 General
	6.4.2 Power transformers
	6.4.3 Switchgear
	6.4.4 Air clearance
	6.4.5 Seismic performance
	6.4.6 Tertiary circuit
	6.4.7 Substation electrical auxiliary system

	6.5 Control and protection and communication

	7 Construction
	7.1 General
	7.2 Transmission line
	7.2.1 Transportation and preparing work at site
	7.2.2  Foundation
	7.2.3 Assembling of tower
	7.2.4 Stringing
	7.2.5  Quality control

	7.3 Substation
	7.3.1 Transportation
	7.3.2 Installation


	8 Commissioning
	9 Operation and maintenance
	9.1 Transmission lines
	9.2 Substations
	9.2.1 General
	9.2.2 Operation
	9.2.3 Maintenance


	10 Environmental considerations
	10.1 Transmission lines
	10.1.1 General
	10.1.2 EMF
	10.1.3 Electrostatic induction
	10.1.4 Electromagnetic induction
	10.1.5 Audible noise with corona discharge
	10.1.6 Radio interference with corona discharge
	10.1.7 Wind noise
	10.1.8 Environmental impact

	10.2 Substations
	10.2.1 Earthing design
	10.2.2 Electrostatic-induction design
	10.2.3 Audible noise mitigation design
	10.2.4 Disaster-prevention design


	Bibliography
	Figures
	Figure 1 – Bus scheme
	Figure 2 – General method of commissioning on site 
	Figure 3 – Basic way of considering operation andmaintenance of UHV AC substations 

	Tables
	Table 1 – AC three-phase systems having a highest voltage for equipment exceeding 800 kV 
	Table 2 – Comparison of lightning fault between UHV and 550 kV systems 
	Table 3 – Substation switchgears’ comparison (GIS, Hybrid-IS, and AIS) 
	Table 4 – The principle technology designs for substations (their components and bays) 


