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Abstract: The purpose of this guide is to provide general recommendations for consideration when
designing new overhead transmission lines that will be operated at high temperatures. It may also
evaluate existing transmission lines for operation at higher temperatures. Although this guide is in-
tended for overhead transmission lines, most of the discussion will also be applicable to distribution
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents arefssipplied “

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. Every |IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users ade caution

to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate acticaréo prep
appropriate responses. Since |IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08855-1331USA
NOTE—Attention is called to the possibility that implementation of this standard may require use of pubjec
matter covered by patent rights. By publication of this standard, no position is taken with respedt to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsjble fo
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries|into the
legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 1283-2004, IEEE Guide for Determining thet&EG€High-Temperatur
Operation on Conductors, Connectors, and Accessories.

r

All annexes are only an informative part of this guide. The annexes are provided as either information or
representative examples of some computational techniques in use today within the industrgr,tbes

are not the only accepted techniques available nor are they to be considered the recomnienigieeistby

the Task Force on The Effects of High Temperature Operation. Other techniques candé fthe
references, bibliography, and other sources that provide equally acceptable resultad@his encouraged

to investigate any and all techniques to determine which best suit anticipatedtapmic

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following _URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.btselrs are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reafititexpgee
index.html

Patents

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 with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifyimtg pate

or patent applications for which a license may be required to implement an IEEE standard or forrmpnducti
inquiries into the legal validity or scope of those patents that are brought to itoattenti
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IEEE Guide for Determining the
Effects of High-Temperature
Operation on Conductors,
Connectors, and Accessories

1. Overview

The purpose of this guide is to provide general recommendations for consideration when designing new
overhead transmission lines that will be operated at high temperatures. It snagvaluate existing
transmission lines for operation at higher temperatures. Although this guide is intended for overhead
transmission lines, most of the discussion will also be applicable to distriduies.

The trend in most utilities today is to increase the capacity of their transmissiowliaesver practical. It

has become increasingly difficult to build new lines because of increased costs to obtain rights of way,
public intervention, and state licensing requirements. These obstacles have significadiyeidche cost

and lead times required to place new lines into service. The lost revenue opportunities from power purchase/
sale agreements with other systems because of limited transmission facilities sistvstantial. Therefore,

utilities are attempting to get as much capacity as is practical from the addition of new high-capadity lines
from the modification of existing lines for high-temperature operation.

In the past, utilities have typically been conservative in rating their lines due to the untiesrtan
parameters that influence conductor temperature. Today, with a better understanding of actual ambient
conditions and improvements in monitoring instruments and sophisticated analysis tools, utiliiggre

lines at higher temperatures with the same or higher level of confidence than in tihdgpgstitilities have

been increasing their transmission line’s maximum conductor operatimgetature as a way of increasing

line capacity. Often higher operating temperatures are needed only for a few hours during thengeakr. Ge
concerns with increasing maximum operating temperature relate to accelerating the aging @koces
conductors, connectors, and conductor hardware plus maintaining adequate ground clearance for the safe
operation of a line. Operating at a higher conductor temperature is accepttigleagsociated negative
effects are adequately understood, considered, and mitigated in the design or analysis $6méreffects

of high-temperature operation to consider are as follows:

— Loss of strength in the conductors and connectors

— Increase in conductor sag resulting in reduced clearances

— Reduction of life and integrity of connectors

— Acceleration of component aging with higher operating temperatures

— Increase in resistive losses

— Potential damage to equipment attached to conductors (e.g., wave traps)

Documents

Copyright © 2005 IEEE. All rights reserved. Docum?nt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 13:34:10 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1283-2004


http://www.avadocuments.com/doc/ieee-1283-2004
http://www.avadocuments.com/doc/ieee-1283-2004

IEEE
Std 1283-2004 IEEE GUIDE FOR DETERMINING THE EFFECTS OF HIGH-TEMPERATURE

This guide is limited to discussing the effects of high-temperature operation on bare overheadsi@msmi
conductors, connectors, and conductor hardware. These effects are discussed to identifypabtsran
safety, reliability, and economy. A few methods to mitigate some of these negative effduth-
temperature operation are also discussed.
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3. Definitions, acronyms, and abbreviations

For the purposes of this standard, the following terms and definitions 8ppljwuthoritative Dictionary of
|EEE Standards Terms [B82] should be referenced for terms not defined in this cliuse.

3.1 Definitions

3.1.1 annealing:A metallurgical process where high temperatures allow interredsstelaxation, which
results in a softening and strength loss of the metal.

3.1.2 conductor:An overhead bare metal cable used to transmit electrical energy.
3.1.3 conductor hardware:Mechanical devices attached directly to the conductor that do not carry current.

3.1.4 connectorA current-carrying mechanical device used to join two or more conductors or a conductor
to conductor hardware.

3.1.5 connector failure, electrical:Advanced connector aging where the locations for easily establishing
current flow contact points are essentially exhausted.

3.1.6 connector failure, generalThermal failure.

3.1.7 connector failure, mechanical: Advanced connector aging where the connector’s operating
temperature is high enough to soften and eventually part the adjacent conductor.

3.1.8 connector failure, thermal: Advanced connector aging where the connector’s operating temperature
is greater than the operating temperature of the conductor to which it is attached.

3.1.9 connector, full tension:A connector designed to join conductors and achieve at least 95% of the
conductor’s rated tensile strength.

3.1.10 connector, limited tensionA connector designed to join conductors for low-tension applications.

3.1.11 creep, accelerated rateAn increase in a conductor’s creep rate over general creep ratey usuall
associated with elevated temperature operation.

3.1.12 creep, generalThe accumulative nonelastic elongation of a conductor under tension over an
extended period of time at modest temperatures usually not in excess of approximately 75 °C.

3.1.13 creep, high temperatureThe creep a conductor experiences over a period of time operating at
conductor temperatures in excess of approximately 75 °C.

3.1.14 high-temperature operation:Operating conductors and connectors at temperatures where thermal
effects can impact the safety, reliability, and life of the transmission line.

3.1.15 loss of strengthThe partial loss of a conductor’'s mechanical strength through annealing.

3The numbers in brackets correspond to those of the bibliography in Annex A.
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3.1.16 maximum conductor operating temperatureThe maximum conductor temperature at which the
transmission line can operate with acceptable performance in safety and reliability. Thenhxénum
temperature is usually dictated by either ground clearance or loss of conductor strength.

3.1.17 ruling span:A representative level span for a line section of contiguous unequal suspension spans
that approximates changing conductor temperature, creep, and weather conditions.

3.1.18 steel coreThe inner strength member of a composite conductor composed of steel strand(s).

3.1.19 steel strands, aluminizedSteel core wire strands coated with aluminum to reduce corrosion of the
steel strands.

3.1.20 steel strands, aluminum cladSteel core wire strands clad with aluminum to reduce corrosion and
increase conductance.

3.1.21 steel strands, galvanizedSteel core wire strands coated with zinc to reduce corrosion of the steel
strands.

3.2 Acroynms and abbreviations

AAAC  all-aluminum alloy conductor

AAC all-aluminum conductor

AACSR aluminum alloy conductor steel reinforced
ACAR  aluminum conductor alloy reinforced
ACSR aluminum conductor steel reinforced
ACSS aluminum conductor steel supported

Cu copper

4. Conductors

4.1 Conductor types

Many different types of bare overhead conductors transmit electrical energy. The mostrcdrara
overhead conductors are constructed from either copper, aluminum, or their alloys and fagthelne
strength reinforced with steel. Most typical types are AAC, AAAC, ACAR, ACSR, AACSIEE&@nd Cu.

4.2 Stranding types

The two conductor stranding types typically used to construct bare overhead conductors arenabund- a
trapezoidal-shaped strands.

4.3 High-temperature creep

4.3.1 Introduction to creep

A conductor under tension undergoes nonelastic elongation over a period of time (usually measured in
years). This elongation is called creep. The magnitude and rate of creefuactéian of the conductor’s
composition, stranding, line tension, and operating temperature.
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