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Abstract: Covered in this guide are basic principles, methods, and experience for (design of
110 kV to 1000 kV) alternating current (ac) overhead transmission lines. This guide may also be
used as a reference for the design of lower-voltage overhead transmission lines. Included in this
guide are an introduction, definitions, meteorological design and criteria, electrical design,
structural design criteria, design of foundations, experiment results, and design experience. This
guide is a listing of the information and procedures that can be referenced during the design of ac
transmission lines. Guidance is provided for transmission line designers in the data collection
design stage.

Keywords: AC overhead transmission line, design experience, electrical design, IEEE 1863™,
structure design

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2024 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 5 August 2024. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics
Engineers, Incorporated.

PDF:  ISBN 979-8-8557-0997-1 STD27146
Print:  ISBN 979-8-8557-0998-8 STDPD27146

IEEE prohibits discrimination, harassment, and bullying.

For more information, visit https://www.ieee.org/about/corporate/governance/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher.

Documents

2 Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 01:58:45 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1863-2024


http://www.avadocuments.com/doc/ieee-1863-2024
http://www.avadocuments.com/doc/ieee-1863-2024

Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA and participate without compensation from IEEE. While IEEE administers the process and
establishes rules to promote fairness in the consensus development process, IEEE does not independently
evaluate, test, or verify the accuracy of any of the information or the soundness of any judgments contained
in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or guarantee against interference with or
from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. IEEE Standards documents are supplied “AS
IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
their own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus balloting process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board
of Governors are not able to provide an instant response to comments, or questions except in those cases
where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in evaluating comments or in revisions to
an [EEE standard is welcome to join the relevant IEEE working group. You can indicate interest in a
working group using the Interests tab in the Manage Profile & Interests area of the [EEE SA myProject
system.! An IEEE account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable
regulatory requirements. Implementers of the standard are responsible for observing or referring to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.’

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https:/standards.ieee.org/standard/index.html.
5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 1863-2024, IEEE Guide for Overhead Alternating Current (AC) Transmission
Line Design.

This guide is for the design of 110 kV to 1000 kV ac overhead transmission lines and can also be used as a
reference for the design of lower voltage overhead transmission lines. Compared to the original guide, the
range of scope remains the same, however, it has been rewritten to reflect the content of the document more
clearly, including editorial changes and technical changes. Inconsistencies with the work of other
international standards-developing organizations and incorrect design principles have been corrected.

The main content in this guide is divided into six parts:

—  Clause 4 shows requirements and design principles of the main component.

— Clause 5 through Clause 9 propose principles and methods in terms of electrical and structural
design, mainly including meteorological design, conductor, insulation, mechanical design,
foundation, etc.

Annexes propose experimental data and design experience derived from different countries.
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IEEE Guide for Overhead Alternating Current (AC) Transmission Line

Design
1. Overview

1.1 Scope

This guide covers basic principles, methods, and experience for designing applies—to—three-phase

overheadaetransmissiontine (110 kV to 1000 kV alternating current (ac) overhead transmission
lines. The guide may also }-design-and-construction,and-it-can be used as a reference for the design
of lower-voltage levels—This—guide-speeifies—design—methodologies—ofthe overhead transmission

lines. This guide includes an introduction, definitions, meteorological design and criteria, electrical

design, structural design criteria, design of line-conductors-and-ground-wires-insulators-and-fittings;

tower-types,loadsmaterialsstruetureand foundations, experiment results, and design experience.

This guide is a listing of the information and procedures that are required during the design of

overhead ac transmission line. It provides guidance for transmission line designers in the data

collection design stage.

1.2 Purpose

This guide applies to the design of ac overhead transmission lines; and gives primary methods for

electrical, structural, and foundation design. The transmission line designer desigh—engineer can
choose the appropriate design methods based on the location, ambient conditions, and importance

of the line.
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1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to)."2

The word should indicates that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).
2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

ASCE MOP 74-2020, Guidelines for Electrical Transmission Line Structural Loading (Fourth
Edition).?

1 The use of the word must is deprecated and cannot be used when stating mandatory requirements; ; must is used only to describe

unavoidable situations.

2 The use of will is deprecated and cannot be used when stating mandatory requirements; ; will is only used in statements of fact.
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ASCE MOP 104, Recommended Practice for Fiber-Reinforced Polymer Products for Overhead Utility

Line Structures (Second Edition).

ASCE MOP 123, Prestressed Concrete Transmission Pole Structures: Recommended Practice for

Design and Installation.

ASCE MOP 141, Wood Pole Structures for Electrical Transmission Lines: Recommended Practice for

Design and Use.

ASCE/SEI 10-15, Design of Latticed Steel Transmission Structures.

ASCE/SEI 48-19, Design of Steel Transmission Pole Structures.

IEC 60071-2:2023, Insulation Co-ordination—Part 2: Application Guidelines Guide. 34

IEC/TS 60815-1:2008, Selection and Dimensioning of High-Voltage Insulators Intended for Use in

Polluted Conditions—-Part 1: Definitions, Information and General Principles.

IEC/TS 60815-3:2008, Selection and Dimensioning of High-Voltage Insulators Intended for Use in

Polluted Conditions—Part 3: Polymer Insulators for A.C. Systems.

IEC 61284, Overhead Lines—Requirements and Tests for Fittings.

IEC TS 63042-202:2021, UHV AC Transmission Systems—Part 202: UHV AC Transmission Line

Design.

IEEE Std 80™-2013, IEEE Guide for Safety in AC Substation Grounding.%->*

+IEC publications are available from the International Electrotechnical Commission (http://www .iec.ch) and the American National

Standards Institute (http://www.ansi.org/).

45 The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.

56 JEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
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IEEE Std 516™-2021 2009, IEEE Guide for Maintenance Methods on Energized Power Lines.

IEEE Std 691™-2001, IEEE Guide for Transmission Structure Foundation Design and Testing.

IEEE Std 1243™.-1997, IEEE Guide for Improving the Lightning Performance of Transmission Lines.

IEEE Std 1862™-2014, IEEE Recommended Practice for Overvoltage and Insulation Coordination of

Transmission Systems at 1000 kV AC and Above.

IEEE Std C95.6™-2002, IEEE Standard for Safety Levels with Respect to Human Exposure to

Electromagnetic Fields, 0-3 kHz.

3. Definitions

3.1 Definitions

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

Dictionary Online should be consulted for terms not defined in this clause. ¢*

6 [EEE Standards Dictionary Online is available at: http://dictionary.ieee.org.

7 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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equivalent salt deposit density (ESDD): Amount of sodium chloride (NaCl) that, when dissolved in
demineralized water, gives the same volume conductivity as that of the natural deposit removed
from a given surface of the insulator divided by the area of this surface, generally expressed in

mg/cm?.

icing stress product (ISP): The product of the ice, snow, or rime accretion per cm of insulator length,

and the electrical conductivity of the melted accretion corrected to 20 °C, (g/cm) x (us/cm).

leakage distance: The shortest distance, or the sum of the shortest distances, along the insulating
parts of the insulator between those parts that whieh normally have the operating voltage between

them.

NOTE 1—The surface of cement or ef any other non-insulating jointing material is not considered as

forming part of the creepage distance.??®

NOTE 2—If a high-resistance coating, e.g., semi-conductive glaze, is applied to parts of the
insulating part of an insulator such parts are effective insulating surfaces and the distance over them

is included in the leakage distance.

NOTE 3 — Leakage distance is synonymous with creepage distance in IEC/TS 60815 1:2008.8

load: Forces applied on the transmission line system, which may be permanent load, variable load,

or accidental load.

melted water conductivity: The electrical conductivity of water used to simulate ice, snow, or cold
fog accretion on insulators, melted after accretion and corrected to 20 °C. The melted water
conductivity can be higher than the applied water conductivity when accretion occurs on
contaminated insulator surfaces. Melted water conductivity can also be lower than applied water
conductivity for glaze ice accretion on clean insulators; through the process of water purification by

crystallization.

8 Information on references can be found in Clause 2.
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non-soluble deposit density (NSDD): Amount of non-soluble residue removed from a given

surface of the insulator divided by the area of this surface, generally expressed in mg/cm?.

p-percent disruptive discharge voltage (flashover voltage): The prospective value of the test

voltage that has a p-percent probability of producing a disruptive discharge.

protected leakage (creepage) distance: The leakage distance of an insulator that is not wetted in a
specified precipitation condition. The protected leakage distance of an insulator in any orientation

may vary with precipitation type, intensity, and wind speed and direction.

site pollution severity (SPS): Five levels of pollution characterizing the site severity are qualitatively

defined, from very light pollution to very heavy pollution, as in IEC/TS 60815-1:2008.

statistical switching overvoltage: The switching overvoltage is statistically analyzed to obtain a
probability distribution, and the statistical switching overvoltage is generally defined by the 2%
value of a Gaussian or normal distribution for reference, meaning that 2% of the switching
overvoltage is equal to or exceeds Us. In insulation coordination, this reference probability is

generally taken as 2%.
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NOTE —See subclause 3.1.3 of IEEE Std 1313.2™-1999 [B18 B29] 2 for the definition of statistical

switching overvoltage (E2).

stub: A short member that connects a leg member at one end and inserts into the foundation

chimney at the other end to connect the support and foundation.

transmission line structures suppert: A general term referring to ef-struetures-of various types that

structure te-support the conductors and ground wires in overhead transmission lines.

unified specific creepage distance (USCD): The leakage distance of an insulator divided by the
maximum operating voltage across the insulator. For ac systems, this is usually the highest rms
voltage for equipment (Ux/V3). For dc systems, this is usually the rated voltage where the insulator is
intended to be used. For insulators or bushings with combined dc voltage application, the voltage is
equal to Z x Va where Z is the number of six-pulse bridges in series and Vi is the dc-rated voltage per

valve bridge. Unified specific creepage distance (USCD) is generally expressed in mm/kV and

specified as a minimum value.

NOTE 1—_This definition in IEC/TS 60815-1:2008 differs from that of specific creepage distance where
the phase to phase value of the highest voltage for the equipment is used. For phase-to-earth
insulation, this definition results in a USCD value that is 3 times that given by the definition of

specific creepage distance in IEC/TS 60815 1:2008.

NOTE 2—This definition retains the specific creepage distance definition in IEEE Std 100™ for dc
conditions, meaning that the peak electrical stress on ac insulators is V2 V3 times the constant

electrical stress on dc insulators at the same system voltage and USCD.
3.2 Acronyms and abbreviations

AC alternating current

AAC all aluminum conductor

9 The numbers in brackets correspond to those of the bibliography in Annex F.
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AAAC all aluminum alloy conductor

AACSR aluminum alloy conductor steel reinforced

ACSR aluminum conductor steel reinforced

ACSS aluminum clad steel strand

AN audible noise

EDS everyday stress

EHV extra-high voltage (voltages of ac transmission systems between 330 kV and 750 kV)
EPE experimental plastic elongation

HTLS high temperature low sag

HV high voltage (voltages of ac transmission systems between 35 kV and 220 kV)

Isp icing stress product

OHGW overhead ground wires

OPGW optical power ground wires

OSHA Occupational Safety and Health Administration

RI radio interference

RTS rated tensile strength

RTV room temperature vulcanizing (silicone rubber)
SLA A-weighted sound level

UBGW underbuilt ground wires

UHV ultra-high voltage (highest voltages of ac transmission systems exceeding 800 kV
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., . . Ltace rms, inkV

L s ctical switchi 1 inkV

Ly representativeovervolage inky
U limati . 1ol kv
U rod witl ol kv

4, Overview

4.1 Laws, regulations, and standards

The design of lines should comply with the requirements of applicable laws, regulations, and

standards, including the following:

a) International and national standards, such as the National Electrical Safety Code® (NESC®)

109

b) Laws and regulations issued by relevant government bodies such as aviation, navigation,

traffic, land, and environment

c) Local laws and regulations: provisions applicable to the design of lines in laws or rules issued

by local governments

102 The NESC is available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
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4.2 Components and selection

4.2.1 Conductors

Conductors should be capable As—ene of transmitting the—mest—important—components—of

o—fulfillthe—mainfunecton—of linestransmit power

while meeting the requirements of safety, reliability, and —eperatesafely—and-reliably—and -meet

environmental protection . Particularly, the conductors used for mountain areas, icing areas, and

large spans may be selected to have sufficient requirements—Thereforethe-eleetrical-and mechanical

strength. characteristies may—befully considered—in the selection—of conductors Hor—eleetrical

The types of conductors used in overhead transmission lines include all aluminum conductor

(AAQC), all aluminum alloy conductor (AAAC), aluminum conductor steel reinforced (ACSR),

aluminum clad steel strand (ACSS), etc. ACSR has been most widely used in both ultra-high voltage

(UHV) and extra-high voltage (EHV) overhead transmission lines. For the characteristics of

aluminum alloy conductor steel reinforced (AACSR), refer to chapter 8.2 of IEC 63042-202:2021.

For consideration factors for the selection of conductors, refer to chapter 8.1 of IEC 63042-202:2021.
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4.2.2 Insulators

For the general requirements for insulating Fhe materials and type of insulators of UHV

transmission line, refer to chapter 7.3 of IEC TS 63042-202:2021. IEC 60071-2:2023 and IEC TS 60815-

1:2008 show the basic principles of insulators of EHV transmission lines. may—be—determined

ceramicand-composite-insulatingmaterials: Additionally, the following factors may be considered

in the selection of insulators:
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a) Glass insulator (fog Freg profile) possesses eap-and-pin-diseinsulatorshave long ribs under
sheds and a large creepage distance, which can reduce —Fhe—protectedJeakage—distance

reduees the effect of moisture, It is -giving the frog-profile-a-high pellution-withstand-veltage
property—They—are suitable for coastal, foggy, damp, and saline-alkali areas. Outerib-

b) Seme—additional-measures,—such—as Application of room temperature vulcanizing (RTV;
siieone—+ubber) coating may be required when porcelain or glass insulators are used in
severely polluted areas and severe corrosion areas (coastal areas (ne-mere-than3-kmfromthe
sea), near salt lakes, etc.) lake salt-treated roadwayorotherheavily polthated-areas.

c) Composite insulators are more suitable for severely polluted areas in terms of thateanretain

exeellent-hydrophebicityand hydrophobicity transfer performance and are more convenient

to maintain threy

d) V-type and inverted-V-type insulator strings—Fhese—measures can be used for reducing

minimize the probability of bridging of insulators through icicles and the-probability—of icing
flashover. Farzaneh et al. [B12 B16] provide lists many other available methods to improve

the performance of insulators under icing conditions.
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4.2.3 Fittings

For general requirements for link fittings, refer to IEC 61284.

4.2.4 Supporting structure

A general term for structures supporting conductors, ground wires, and other components of

overhead transmission lines, including steel angle towers, steel tubular towers, steel, concrete, and

wood poles, etc.
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5. Meteorological design eriteria

5.1 Meteorological investigation

Meteorological design data such as wind and ice should be investigated by qualified meteorological

experts.
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5.2 Basic wind speed and-ieing

The basic wind speed based on the is—asseciated—with—the return—period—and—is—obtained—by
probability statisties based-on-the-data- observed data at a time interval of 3 s or i 10 min at a height
of 10 m above the open and greund—inleecal flat ground in the local area is estimated through

statistical analysis. Usually, the and-epen—terrains—Generally—a shorter the wind—aequire time
interval, the eorresponds-to-a higher the wind speed. The conversion among different time intervals

of wind speed is affected by various factors, typically, the smaller the average wind speed is, the
larger the ratio; is-and the more drastically-the wind speed fluctuation fluetuates, the larger the ratio
is. ASCE MOP 74-2020 gives the conversion relation among wind speeds with different time
intervals, which can be applied in engineering design based on practical experience. The basic wind

speed is generally determined with a certain 50-year return period.
5.3 Icing

The ice thickness anticipated by the design should be determined with reference to historical icing

data or the ice map with a combination of ice observation on the transmission line sites.

If a reliable ice accretion model is available to estimate values for yearly maximum ice within a

certain number of years, it can be used to generate ice data based on statistical analysis. Information

about the line site can be obtained from experience with existing transmission or distribution lines,

from field observations, or the effect of icing on vegetation. This information is needed to validate

and adjust the prediction model.

If there is a comprehensive ice zone division map of the line site, which can reflect the icing situation

of the area, such as the ice map in ASCE MOP 74-2020, the design ice thickness can be analyzed and

selected based on the historical ice cover investigation of the project site.
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When the a—transmission line passes through a—watershed,mountain-erest—liff—wind-gap,or-other

micro-topographical and area micro-meteorological areas such as watersheds, mountains, cliffs, and

valleys, the design for wind-speed-and-design ice thickness should may be inereased appropriately
strengthened based on practieal experience.

If necessary, calculations can be carried out according to the—anti-icing—performance—of—a
transmissiontine-may-be-checked-against rare icing conditions to improve the line reliability of the

line.
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6. Electrical design
6.1 Selection of conductor

6.1.1 Cross-section of conductor

The conductor should be capable of carrying the rated current and ampaeity—as—well-as-the short-
circuit current. In addition, the requirements of the electromagnetic environment and economic
efficiency effeetiveness may be taken into account eensideration. Generally, for high-veltage(HV)
lines, most common eemmeonty—used conductors meet the requirements of the electromagnetic
environment. For EHV lines and UHV lines -therefere, the conductor cross-section mayeconecern-the

voltage-(UHV Hines—The-conductor-eross-seetion and number of sub-conductors may be determined

by the requirements of the electromagnetic environment requirement rather than the ampacity. See

6.2 for more details on the electromagnetic environment requirement.
6.1.2 Conductor ampacity

The mechanical strength of conductors may be reduced degraded when the temperature rises to a
certain level, therefore, the heating of conductors should be limited. The maximum allowable

conductor temperature under the current-carrying capacity ampaeity—+ating corresponds to long-

term continuous operation, which is related to the conductor material and is determined by the
residual mechanical strength after long-term operation. The maximum temperature may be

specified listed in standards or technical codes or may ean be determined by with reference to
guaranteed values from product testing tests—In-addition,some-otherfactors-may be-considered—to

The minimum conductor cross-section required fer—eonduetors can be calculated from with the

required current, the permissible temperature allewed, and the duration.
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The conductor ampacity can be calculated using based—en the heat balance principle. The

permissible aHewable ampacity of overhead #ransmission line conductors can normally be

calculated by Equation (1 2).

g 4y —d;
I=|=—— 1
\" R(T) ?

where

Tc

qc

qr

qs

R(Tc)

is the current-carrying capacity ampaeityrating of the conductor, in A

is the maximum permissible alewable conductor temperature for long-term

operation, in °C

is the convective eonveeted heat loss rate per unit length of conductor, in W/m

is the radiated heat loss rate per unit length of conductor, in W/m

is the solar heat gain rate frem-thesun per unit length of conductor, in W/m

is the ac resistance of the conductor at Tc, in Q/m

The detailed calculation of conductor ampacity can be found in IEEE Std 738™-2006. The following

factors that —whieh affect the conductor ampacity; are considered: the environmental conditions

(wind speed, sunlight intensity, ambient temperature, etc.) and conductor parameters (the

resistivity, heat absorption coefficient, radiation coefficient, allowable temperature, conductor

diameter, etc.). Among these factors, the wind speed, ambient temperature, and maximum allowable

conductor temperature have a greater impact on the ampacity. The external ambient Fer

envirenmental conditions are generally taken from ; meteorological data eelected-in—ariousregions

or empirieal design experience values from different regions are-generallyuse. Refer to CIGRE 299
[B6 B9] for more details.
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6.1.3 Allowable short-circuit current of conductor

When-a-short-cireuitfault-occurs,alarge-eurrent-may-How-through The conductor or ground wire-

should meet the thermal capacity requirements for the short-circuit current. The calculation stability

Calculation of the short-circuit current on a shielded overhead line should incorporate the
asymmetrical current calculation (full decrement factor) and the symmetrical current calculation,

which can be obtained from IEEE Std 80™-2013.

For eonduetors-made-ofa single-material conductors, the thermally permissible short-circuit current

can may be calculated using with-referenece-to the simplified formula in Equation (2 3) and Equation
(3 4).

I=F J c ]ﬂﬂr[fm—fr]"'l @

T \aRT a(t,—t)+]

C=cyxpxl (3)

where
I is the thermally permissible short-circuit current, in A
Q is the thermally permissible short-circuit heat capacity, in A2 x s
T is the equivalent duration of a short-circuit fault, in s
C is the thermal capacity of the current--carrying part, in J/°C/cm
Cp is the specific heat of the metallic material of the current-carrying part, in J/(g x °C)

p is the density of the metallic material of the current--carrying part, in g/cm3
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S is the eenduetor cross sectional area seetion of the metallic material of the current—-carrying

part, in cm?

ar is the thermal coefficient of resistance resistivity at the reference temperature t,, in 1/°C

Rr is the resistance of the current--carrying part at t-, in Q/cm

tm is the maximum allowable temperature-during-a short-circuit temperature, in °C; refer to IEC
60865-1:2011 [B15 B24] for determining its value

ta is the ambient temperature, in °C

tr is the reference temperature for material constants, in °C

The thermal capacities eapaeityfor-most-materials are listed or can be calculated using determined
by-ealewlation-with-refereneeto IEEE Std 80-2013 for most materials.

6.1.4 Requirements for the electromagnetic environment

The electromagnetic environment of an HV overhead transmission line can be affected by the outer
diameter and bundle configuration of conductors. Subclause 6.2 explains the underlying principles.
The design of the conductor type and configuration design should meet the requirements for en
radio interference (RI), audible noise (AN), and other electromagnetic environment envirenmental

requirements.
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6.1.5 Capital cost and loss evaluation Cesteffectiveness

For transmission lines, the conductor cross-section ef—conduectors affects both the construction

investment and the operational electrical eperating-eleetrie energy losses. Local conditions can be

taken into account when analyzing the cost-effectiveness of the conductor design seheme—thetoeal

conditions-can-be-considered. Generally, in addition to besides the construction investment, the costs
of electrical eleetrie energy losses including resistance heating losses and corona losses, operation
and maintenance costs, and the time value of funds may be considered as well. The comparison of
conductor schemes may be considered wiewed in terms of cost-effectiveness over throughout the

whole life cycle.

From an engineering the perspective ef-engineering, the time value of each fund can be included

considered in the cost-effectiveness assessment ef—cost-effectiveness. The discount rate and the

economic life of a project are the main parameters related to the time value of funds in the economic
assessment. The present value eest method or the annual cost method can be applied to economic
comparisons of conductor schemes for a transmission line project. The principles ef-them are the

same, and the scheme with a lower present-value cost or a lower annual cost is willbe preferred.
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6.2 Corona and electric field, magnetic field effects

6.2.1 Introduction

The corona phenomenon that occurs at conductors tends to cause the electromagnetic environmental

effects induced impacts—produced by HV high-veltage transmission lines. These include power-
frequency electric field and magnetic field, accompanied by RI as-well-asradio-interference and AN,

which may have harmful effects on audible-neiseresultingfromthe-conductors—coronas—See1EEE

affeet the physical health guality of people the-human living nearby. As EHV and UHV transmission

lines have higher ratings for voltage and current, the effects of the electromagnetic environment are

more severe than other lower ratings to-a-—certain-extent-and-these-effectscan-be restricted-bytaking
proper-technical-measures. In addition, the corona of conductors also leads to the loss of electrical

energy, which can may be evaluated in the economic comparison of conductors.

6.2.2 Radio interference

6.2.2.1 Limits

The RI radio-interferencelevel of a transmission line varies significantly with the weather conditions;
thus, the values of statistical significance are often used to express the Rl radie-interference level of
the line. The fa—the-CISPRI8series publications of frem the International Special Committee on
Radio Interference (CISPR) of the International Electrotechnical Commission (IEC), the CISPR 18

series, specify the statistically statisties based double 80% principle. This means is-specified; that is;

the RI radie-interference level of a transmission line does not exceed the specified limit in 80% of a
year and with a kas-86% confidence level of 80%.
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The CISPR 18 series of publications specify that three technical requirements should be taken into

account when setting the econsidered-in-determining radie-interference limits for transmission lines,
speeifically: 1) the lowest level of radio signal to level-that-sheuld be protected; 2) the minimum

signal-to-noise ratio (SNR) to help that-ean ensure a the satisfactory reception; 3) the separation
protection distance (or protection belt), i.e.,, the minimum distance from the outer eutside phase

conductor to the point leeation where the radio signal can be satisfactorily received.

The lowest protected radio signal level may be determined by with reference to the values
recommended by the International Telecommunication Union (ITU). For amplitude medulation
audio modulation, the average SNR that can achieve the satisfactory reception quality

recommended by CISPR is 26 dB (uV/m).

As the concept and specification of the right of way for line corridors eerridorright-ef-ways varies

from different countries, CISPR has not yet specified an RI a—+radio-interference limit that can be
adopted worldwide. Clause Subelause A.1 gives the radio—interference limits for RI in some

countries and regions.

6.2.2.2 Methods of prediction
6.2.2.2.1 Introduction

The main methods for predicting RI are radio—interference—mainly—ineclade the empirical formula

approach and the excitation function approach.
6.2.2.2.2 Empirical formula approach

The empirical formula is derived from tests of the radio noise field on multiple HV test lines. The

empirical formula recommended in CISPR 18-3 does not consider the effect take—aecount of the

impaetfrom—the number of sub-conductors in a bundle, and the formula is appropriate suitable

when conductor bundles have no more than four sub-conductors.

The formula recommended by i CISPR for calculating te-ealewlate the radio noise field strength is

as follows:
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RI,=3.5E,_, +12r,—30+33log—

20
D, @

where

RIi is the radio noise field strength at the distance of Di from the phase-i conductor, in dB
(HV/m)

Emaxi  is the maximum electric field strength at exn the surface of the phase-i conductor, in kV/m

(rms)
r is the sub-conductor diameter of the phase-i conductor, in cm
Di is the distance from the phase-i conductor to the reference point, in m

If the radio noise field strength of a particular eertain phase is 3 dB higher mere than the value of
either of the other two phases, the radio noise field strength of the three-phase can be taken deemed
as the field strength value of the phase with the highest largest value; otherwise, the radio noise field
strength can be calculated by Equation (5 6).

_RL+RL g
2 (5)

RI

where
RI  is the radio noise field strength of an HV transmission line, in dB (uV/m)
RIi  is the highest radio noise field strength among the three-phase conductors, in dB (uV/m)

R  is the second highest radio noise field strength among the three-phase conductors, in dB
(1V/m)
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For the multiple circuits erected on a tower, the radio noise field generated prodwueed by each phase

conductor is calculated by Equation (5 6). The Via-addingtogetherthe radio noise field strength of
the lines is obtained by adding the radio noise fields generated predueed by the conductors of the

same phase, the radio noise field of the three-phase line is tormed.

The value calculated by using Equation (4 5) is the average radio noise field for ideal weather
conditions and a the frequency of 0.5 MHz, on the basis of which 6 dB to 10 dB need to be added to

obtain the radio noise field for 80% of a year and with a confidence level of 80%.

The radio noise field for any altitude uses the additive correction of inereases—at-aninecrementof

about Alt./300, where with-therise-of albdtudein-which Alt. is refers+o the altitude in m.

The corresponding correction When ARI under-0:5-MHz-is—econvertedto-that-underthe reception

frequeney-of-the-affected-object—the to be applied is calculated by Equation (6 #), which applies is
apphieable to the frequency range of frem 0.15 MHz to 4 MHz, when the value of RI at 0.5 MHz is

converted to the value at the receiving frequency of the subject.

2

ART = RI - RI,= 5 1-21g(10f )’ | ©)
where

Rlo is the reference value of the radio noise field below under 0.5 MHz

f is the frequency expressed in MHz
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6.2.2.2.3 Excitation function approach

The excitation function approach is based on the excitation function in heavy rain obtained from

through measurements on test lines or cages. By The-pulse-currents-of-each-phase-conductor-eanbe

derived—through certain modal transformation of the excitation function, the impulse currents of

each phase conductor can be derived, and thus the electric field generated predwueed by these

currents, i.e., the radio noise field, can be obtained. Many countries have obtained their empirical
formulae for ef the RI radio-interferenee excitation function for transmission lines from RI threueh
radio-interference tests on their own HV corona cages and test lines. For voltages above 750 kV and
lines eenduetors with more than four sub-conductors, the excitation function approach is preferred

to ever the empirical formula approach as the latter results in a larger error.

In CISPR 18-3-1996 recommends —the—methodfor—calewlating—the radio—interference—of bundle

eonductors—with the excitation function method for the calculation of the RI of bundle conductors is

recommended, and the calculation steps include calculation of the excitation function, correction for
of meteorological effects impaets, and calculation of the distribution of the radio noise field based on

the modal propagation principle.

The formula used for the calculation of ealewlating the excitation function in heavy rain as

recommended in CISPR 18-3 is as follows:

I, =70- °85 +35log(d)—10 log(n)
Eoman ™)

where
I''  is the excitation function in heavy rain, in dB

Emax is the average maximum electric field generated at produced-en the surface of the sub-

conductors (rms), in kV/cm
d is the diameter of the sub-conductor diameter, in cm

n is the number of sub-conductors in a bundle
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As proposed in CISPR 18, the radio noise field in 80% of a year and with 80% & confidence ef can be
obtained by subtracting 10 dB to 15 dB (uV/m) from that in heavy rain.

6.2.3 Audible noise

6.2.3.1 Limits

The main purpose of fer limiting noise is to protect human hearing and health, taking full account of

with the psychological effects of noise alse-beingfullyconsidered. The limits of AN audiblenoise
from transmission lines can be determined based on the basis of statistical data from ef existing lines
or tests, in combination with the effects impaets of noise on humans and animals, taking into
account alse—eonsidering local standards and policies on environmental noise as well as the
economic and technical conditions. AN Fhe limits efaudiblenoise vary from different countries and

in the range is from 45 dB(A) to 58 dB(A).

The AN generated audibleneiseproduced by transmission lines is are often expressed in terms of
with the A-weighted sound level (SLA). For ac overhead transmission lines, the AN audibleneise on

rainy days is 15 dB(A) to 20 dB(A) higher mere than that on sunny days, so ;therefere the limits for
AN audibleneise may be based mainly baseé on rainy conditions.

6.2.3.2 Methods of prediction

The prediction of the AN audible—sneise is mostly deduced from the statistics, analysis, and
regression of the long-term empirical data obtained aechieved by the corona cage simulation aleng
thesimulated and from empirical lines by kne—~#a superimposing the noise generated by each phase

conductor.

The main parameters of the prediction formula generally include eentain the electric field on the
surface of the conductors, the diameter of the conductor, the number of sub-conductors in a bundle,

the measurement distance, etc.

The formula for calculating the SLA A-weighted-seund-level noise of single-phase conductors is

given by:
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AN = AN, +k f,(E,.. )+ k. f,(m) + K f,(d) + K, f,(D) + k ®

fi() is the functional expression of each factor

Emax  is the average maximum electric field generated at preduced—on the surface of the

conductors (rms), in kV/cm

n is the number of sub-conductors in a bundle
d is the diameter of the sub-conductor, in cm
D is the distance from the measuring measurement point to the conductor, in m

ANo  is the reference value, in dB(A)

k is the correction factor

For a line with Ny phases, the total noise is given by:

N, 4N,
SLA=1010g> 10
=1 (%)

where
SLA is the total noise of the line, in dB(A)

ANi is the noise generated produeed by the phase-i conductor, in dB(A)
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Countries have proposed formulae for predicting AN audible—seise from HV transmission lines
based on their ewsn long-term measurement measured data. The predieting Representative
prediction methods include the Electric Power Research Institute (EPRI) method, the Ente Nazionale

per L’Energia Elettrica (ENEL) method, the Bonneville Power Administration (BPA) method, the

Hydro Quebec Institute of Research (IREQ) method, the FGH, Germany method, and the Electricite
de France (EDF) method, as well as the empirical formulae developed by the Czech Republic,
Belgium, Romania, and Japan. Among these them, the BPA BPA’s method (Chartier and Stearns [B9

B11]) is the most widely used—n—addition—China—has—developed—a—formula—{forealenlatingthe

The formula recommended by BPA for predicting the AN of audiblenoisefrom HV transmission
lines asrecommended-byBPA is defined as follows fellew:

z -— —_—
STA=10 ngZlcg_l[PWL(z) 11.4logR —5.8

|

~ 10 (10)
PWL(i)=-164.6+120 logE__ +54 logdw a1
where
PWL(i)  is the sound power level of the phase-i conductor
Emax is the average maximum electric field at en the surface of the sub-conductors (rms), in
kV/em
deq is the equivalent diameter of the conductor, in cm. de = d if when n < 2, and dey =
0.58n%4%d if for n > 3
d is the diameter of the sub-conductor diameter, in cm
n is the number of sub-conductors in a bundle
zZ is each individual phase
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Ri is the distance from the measurement point to the phase-i conductor to be measured,

inm

This formula is valid for common symmetrical bundle conductors with spacing between sub-
conductors of 30 cm to 50 cm and electric field strength at the conductor surface of 10 kV/cm to 25

kV/em.

BPA suggests that the AN for any altitude uses the additive correction audible-neise-inereasesat-an

inerementof about Alt./300 , where with-the rise of aldtudeinwhich; Alt. is refersto the altitude in

m. The validity of this correction method has been was verified in early transmission line projects at

altitudes up to 2000 m.

6.2.4 Power-frequency electric field

6.2.4.1 Limits requirement

Generally, the power-frequency electric field limits for ac transmission lines are determined by

considering three aspects: 1) to help prevent transient electric shocks that cause pain sheek-eausing

ciseomfort, 2) to help prevent steady-state electric shock current greater larger than the release let-geo
threshold, and 3) to limit adverse biological restrictharmful-ecological effects due to long-term

effects of electric fields.

Eleetromagnetie Fields{(1 Hz100-kHz)y"issued-by the International Commission for Non-Ionizing

Radiation Protection (ICNIRP) guidelines (International Commission on Non-Ionizing Radiation

Protection [B21 in2030-(FENIRP-B31]), the reference level for ef exposure to 50 Hz and 60 Hz power-
frequency electric fields field is specified as 5 kV/m and 4.17 kV/m, respectively, for the general
public, and 10 kV/m and 8.33 kV/m for occupational workers.
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With reference Referring to IEEE Std C95.6™-2002, the limits for exposure to 50 Hz and 60 Hz
electric fields are is specified: respectively 20 kV/m for controlled environments and 5 kV/m for the

general public.

See Subelause A.3 for givesthe design limits of fer electric fields-onsomelines—Although-different

6.2.4.2 Calculation method

In Calculations;itis usually assume assumed that transmission lines are infinitely long and parallel
to the ground and that the ground is an ideal conductor, allowing the electric field in the efa space

to be simplified as a two-dimensional field. For the calculation of Censidering the maximum electric

field at preduced-on the ground, the height of the conductors te-greund is taken as the minimum

distance to ground at the center of the conductors. Bundled lowestpeint-of-thecentral-conductorsag
ito-the-ground-Bundle conductors, if used, can be substituted by an equivalent single conductor.

The electric field generated preduced by ac transmission lines can be calculated in the following

steps:

a) Calculate the equivalent charge on the conductors Q using with Maxwell’s equation,
Equation (12 43), the of voltage U and the potential coefficient of A:

[]=[T"[v] (12)

where
Q is the equivalent charge on conductors
A is the potential coefficient

U is the voltage on the conductor
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The coefficient of potential A is derived from the mirror image principle (by setting mirror-
image charges on the mirror-image position of the conductor on the ground to simulate the
induced charges on the ground), and U is the voltage on the conductor. As U is a time-
varying quantity, U and Q are divided into real and imaginary parts that swhich are calculated

respectively.

b) Calculate the horizontal component Ex and the vertical component Ey of the electric field
generated by the charge Q at any point in space according to based-en the superposition

principle.

c) Calculate the maximum value of the resultant electric field at any point in space. Since As the
resultant electric field at any point in space is a rotating elliptical field whose -the magnitude
and direction ef which vary constantly with time, its maximum value cannot simply be
calculated using with the equation ~E< =£7 | The vector module of the resultant electric

field can be expressed as a function of time, and then the maximum value can be calculated.

In addition, the finite difference method, finite element method, or other numerical methods can

also be used.

Specific calculation methods are given in CIGRE 61 [B3 Bé], Chartier et al [B8 B30], and EPRI [B10
B14] [B11 B15] sive specitic calculation methods.

6.2.4.3 Measures for limiting power-frequency electric field strength

The electric field induced on the ground decreases as reduees—with—the-inerease—of the height of

conductors above the ground increases; it can ; thereforeit-ean be reduced by increasing the height

of the conductors above the ground.
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