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Abstract: Possible adverse impacts to an operating overhead transmission line which might
occur when operating the line at high temperatures are discussed. Specifically, the transmission
line’s conductor, connectors, and attached accessories in terms of degradation in mechanical
properties due to annealing elastic and in-elastic elongation, and accelerated aging are explored
along with limited mitigation recommendations. Additionally, predictor equations for accelerated
creep and conductor loss of strength are detailed in annexes with limited example calculations.
Keywords: accelerated aging, accelerated creep, annealing, conductor core, conductors,
connectors, IEEE 1283™
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Notice to users

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 imply 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.

Copyrights

This document is copyrighted by the IEEE. It is made available 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 this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE 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Users of IEEE Standards documents should be aware that these documents may be superseded at any time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. 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 the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

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 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 http://standards.icee.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.
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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.
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Introduction

This introduction is not part of IEEE Std 1283-2013, IEEE Guide for Determining the Effects of High-Temperature
Operation on Conductors, Connectors, and Accessories.

The annexes are provided as either information or representative examples of some computational
techniques in use today within the industry; however, they are not the only accepted techniques available
nor are they to be considered the recommended techniques by the Task Force under the Conductors
Working Group preparing this guide. Other techniques can be found in the references, bibliography, and
other sources which provide equally acceptable results. The reader is encouraged to investigate any and all
techniques to determine which best suit anticipated applications.
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IEEE Guide for Determining the Effects of High-Temperature Operation

on Conductors, Connectors, and Accessories

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all

appropriate safety, security, environmental, health, and interference protection practices and all

apvlicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.

These notices and disclaimers appear in all publications containing this document and may be

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning

IEEE Documents.” They can also be obtained on request from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.1 Scope

The scope of this guide is to describe the effects and impacts of high temperature operation on

conductors, connectors, and conductor hardware. The guide will identify operating metrics which

constitute elevated temperature operation based on present industry practices and its effects on

overhead line components, and it will suggest potential mitigation options to manage or avoid

identified adverse impacts.
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1.2 Purpose
The purpose of this guide is to provide general recommendations for consideration when designing
newevaluating existing overhead transmission lines hator designing new overhead transmission

lines which will be operated at high temperatures.H-may-also-evaluate-existing transmissiontines
for-operationathighertemperatures: Although this guide is intended for overhead transmission

lines, most of the discussion will also be applicable to distribution lines. Recently within the industry

a number of new and novel conductors have been designed using non-traditional materials

specifically designed for high temperature operation. The collection of new and novel conductors is

identified in the industry as high temperature low sag (HTLS) conductors. These new conductors

are typically formulated with either standard aluminum strands, fully annealed aluminum or

aluminum alloys which resist annealing at 200 °C or greater, exotic core materials which result in

minimal sag changes with increasing conductor temperature, and extremely robust connectors.

While the general concepts and cautions presented in this guide are appropriate for broad

considerations when designing with the HTLS conductors, this guide does

not specifically address the HTLS conductors as they are supported with other documents. Rather,

this guide is limited to conventional conductors and connectors typically formulated with cold

worked aluminum or copper with reinforcement achieved using steel galvanized or steel aluminum

clad core strands. One notable exception is steel supported aluminum conductors (SSAC) developed

in the late 1970s (Reynolds Metal) utilizing a galvanized steel core or aluminum-clad steel core and

fully annealed aluminum strands. Modern versions of the SSAC conductor are referenced as

aluminum conductors steel supported (ACSS) and typically carry a steel core of either misch metal

or aluminum-clad steel core and fully annealed aluminum strands.

The trend in most utilities today is to increase the capacity of their transmission lines wherever
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
significantly increased the 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 can be substantial.
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Therefore, utilities are attempting to getfind as much capacity as is practical from the addition of

new high-capacity-tines-or from-the-medification-oflines or modifying existing lines for high-

temperature-operation_at higher temperatures than the existing facilities.

In the past, utilities have typically been conservative in rating their lines due to the uncertainties in
parameters thatwhich influence conductor temperature. Today, with a better understanding of
actual ambient conditions and improvements in monitoring instruments and sophisticated analysis
tools, utilities are rating lines at higher temperatures with the same or higher level of confidence
than in the past. Many utilities have been increasing their transmission line’s maximum conductor
operating temperature as a way of increasing line capacity. Often higher operating temperatures are
needed for only fer-a few hours during the year. General concerns with increasing a conductor’s
maximum operating temperature relate to accelerating the aging process of conductors, connectors,
and conductor hardware plaswhile maintaining adequate ground clearance for the-safe

line operation-efaltine. Operating at a higher conductor temperature is acceptable if the associated
negative effects are adequately understood, considered, and mitigated in the design or analysis of a
line.

Some effects of high-temperature operation to consider are-asfolows:

— Increase in conductor sag resulting in reduced clearances

— Reduction of life and integrity of connectors

— Acceleration of component aging with higher operating temperatures

— Loss of strength in the conductors and connectors

— Increase in resistive losses

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

Note that the magnitude of any of these possible effects is dependent on the type of conductor.

This guide is limited to discussing the effects of high-temperature operation on bare overhead
transmission conductors, connectors, and conductor hardware. These effects are discussed to
identify their impacts on safety, reliability, and economy. A few methods to mitigate some of these

negative effects of high temperature operation are also discussed.
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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.

ANSI C119.4-2011, American National Standard for Electric Connectors—Connectors for Use

Between Aluminum-to-Aluminum or Aluminum-to-Copper Conductors Designed for Normal

Operation at or Below 93 °C and Copper-to-Copper Conductors Designed for Normal Operation at

or Below 100 °C.

Barrett, J. S.,, “High Temperature Operation of ACSR Conductors,” Proceedings of Seminar on

Effects of Elevated Temperature Operation on Overhead Conductors and Accessories, pp. 25-36,

Atlanta, GA, May 1986.

Harvey, J. R., “Creep of Transmission Line Conductors,” IEEE Trans., vol. PAS-88, no. 4, pp. 281-285,

April 1969.

Harvey, J. R., “Effect of Elevated Temperature Operation on the Strength of Aluminum

Conductors,” IEEE Trans., vol. PAS-91, no. 5, pp. 1769-1772, September/October 1972.

Harvey, J. R, and Larson, R. E., “Creep Equations of Conductors for Sag-Tension Calculations,”

IEEE Paper C72 190-2.

Hickernell, F., Jones, A. A., and Snvder, C. ]J., “HyTherm Copper—An Improved Overhead-Line

Conductor,” AIEE Trans., vol. 68, pp. 22-30, 1949.
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Kidd, B. E., Shaw, T. B., “Joint Compounds and Their Relative Effects in Making Good Electrical

Connections,” IEEE/PES T&D Conference, Atlanta, GA, April 1979.

Morgan, V. T., “Effect of Elevated Temperature Operation on the Tensile Strength of Overhead

Conductors,” IEEE Paper 95 WM 229-5 PWRD, IEEE/PES Winter Power Meeting, 1995.

Nigol, O., Barrett, ]J. S., “Characteristics of ACSR Conductors as High Temperatures and Stresses,”

IEEE Trans., vol. PAS-100, no. 2, February 1981, pp. 485-493.

Report of IEEE WG on Thermal Aspects of Conductors, “Limitations of the Ruling Span Method for

Overhead Line Conductors at High Operating Temperatures,” IEEE WPM 1998, Tampa, FL,
February 3, 1998.

Snell, J., and Renowden, J., “Improving Results of Thermographic Inspections of Electrical

Transmission and Distribution Lines,” IEEE 2000 Conference on Transmission & Distribution

Construction, Operation & Live Line Maintenance (ESMQO), 2000 28C-TPC-17, 2000.
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3. Definitions, acronyms, and abbreviations

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

Autheritative Dietionary-of IEEE Standards—Ferms{B82} Dictionary Online should be
referencedconsulted for terms not defined in this clause.?X

3.1 Definitions

! aluminized steel strands: Steel core wire strands coated with aluminum to resist corrosion of the

steel strands.

'IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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aluminum clad steel strands: Steel core wire strands clad with aluminum to resist corrosion and

increase conductance.

annealing: A metallurgical process where high temperatures allow internal stress to relax resulting

in a softening and strength loss within the metal.

conductor hardware: Mechanical devices which are not designed to carry line current and are

attached directly to the conductor.

connector failure electrical: Advanced connector aging where the locations for easily establishing

current flow contact points are essentially exhausted.

connector failure general: Thermal failure.

connector failure mechanical: Advanced connector aging where the connector’s operating

temperature is high enough to soften and eventually part the adjacent conductor.

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.
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general creep: The accumulative non-elastic elongation of a conductor under modest every day

tensions (< 30% rated strength) and temperatures (< 75 °C/167 °F) over an extended period of time,

typically 10 years.

elevated temperature creep: An increase in a conductor’s creep over general creep rate, usually

associated with elevated temperature operation.

full tension connector: A current-carrying mechanical device designed to join two or more

conductors or a single conductor to hardware and achieve at least 95% of the conductor’s rated

tensile strength.

galvanized steel strand: Steel core wire strands coated with zinc to reduce corrosion of the steel

strands.
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high-temperature creep: The creep a conductor experiences over a period of time at modest tensions

and operating at conductor temperatures in excess of approximately 75 °C (167 °F).

high-temperature operation: Operating conductors and connectors at temperatures where thermal

effects can impact the safety, reliability, and life of the transmission line.

limited tension connector: A current-carrying mechanical device designed to join two or more

conductors or a conductor to hardware for low tension applications.

loss of strength: The partial loss of a conductor’s mechanical strength through annealing.

maximum conductor operating temperature: The maximum conductor temperature at which the
transmission line can operate with acceptable performance in safety and reliability. The line’s

maximum temperature is usually dictated by either ground clearance, connector accelerated aging,

or loss of conductor strength.

ruling span: Representative level span tension representing the tension in every span of a line

section between dead end supports of contiguous unequal suspension spans and approximate

changes in conductor temperature, creep, and weather conditions.

steel core: The inner strength member of a_reinforced eempesite—conductor composed of steel

strand(s).
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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-conductorsteel supported
Cu-copper

4, Conductors

43 Ceonductortypes

ManyThere are many different types of bare overhead conductors used to transmit electrical energy.

The most common bare overhead conductors are constructed from either copper, aluminum, or

their alloys and can be-further strength reinforced with steel. Most typical types are all-aluminum

conductor (AACGAAAC ACAR -ACSR_AACSR_ACSS and Cu:), all-aluminum
42 Strandingtypes

alloy conductor (AAAC), aluminum conductor alloy reinforced (ACAR), aluminum conductor

steelreinforced (ACSR), aluminum alloy conductor steel-reinforced (AACSR), and copper conductor
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(Cu). The two conductor stranding types typically used to construct bare overhead conductors are

round and trapezoidal shaped strands.

43 High-4.1 Elevated temperature creep
A conductor under tension undergoesnonelastiewill undergo plastic (non-elastic) elongation over
aan extended period of time-{,known as creep, usually measured in years)—Fhis-elongationiscalled

ereep- or decades. The magnitude and rate of creep areis a function of the conductor’s composition,

stranding, line tension, years of service, and operating temperature

432 hecelezated ereas-cansadby

4.1.1 Elevated temperature creep due to high-temperature operation

Generally stated, high-elevated temperature creep should be considered when conductor

temperatures exceed-75-°C-

generallynotatfected by ereep-below200-°C.75 °C (167 °F) for conductors with a steel content less

than 7.5% by area. Reinforced conductors, such as ACSR conductors, with steel content exceeding

7.5% steel by area tend to completely shift the tension carried by the aluminum shell to the steel core

at temperatures above approximately 75 °C (167 °F) and carry no mechanical load at elevated

temperatures and hence are not subject to the effects of elevated temperature creep. Because

aluminum has a much larger creep rate than steel, all-aluminum type conductors such as AAC,

AAAC and ACAR are much more susceptible to creep as well as elevated temperature creep.
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Conversely, steel-reinforced aluminum conductors (ACSR and AACSR) are less affected by elevated

temperature creep.

4.3-3-1.2 Effect on sag-tension

At elevated temperatures, all-aluminum and low steel conductor sags and tensions are affected by

both-an-acecelerated-elevated temperature creep rate-and the thermal expansion of conductor strand

materials. AluminumstrandsSince standard aluminum strands thermally expand at twice the rate of

steel strands: As-aresult-of different-expansionratesas-well-as, coupled with increased aluminum

creep at elevated temperatures, the effect of high-temperature operation on the sag of all-aluminum

conductors is greater than the effect for eompeosite steel-reinforced conductors. In a eempeositesteel-

reinforced conductor, as temperature increases, the eenduector-aluminum tension transfers from the

aluminum strands to the steel strands. Thislead tension transfer decreases the ereep-rate-on

propensity of the aluminum to creep, and will continue to diminish with reduees-the-elongation-of
the-conductorbecause-of- thermal-expansion—tincreasing temperature until the aluminum tension is

completely transferred to the steel core. At temperatures above which the tensile-load-isaluminum

tension has completely transferred,-or“off-loaded” to the steel, core, the creep in

the aluminum strands ceases and only the creep and thermal expansion of the steel strands further

affect-conductor sag.

The-elevatedElevated temperature effecteffects on sags and tensions for highreinforced conductors

with steel eompeosition-conductorsisredueedcontent greater than

beeause7.5% by area are negligible since the aluminum may-eff-leadtension has been transferred to
the steel core at relatively-low temperatures-{greaterthan7-5%steelby-area)—As. Since the steel has
pieked-up-mestis carrying 100% of the conductor’s mechanical load at relativelylow-operating

elevated temperatures, the aluminum’s influence on sags and tensions is minimal. Hence, high steel

content reinforced conductors are less susceptible to high-elevated temperature creep than are

conductors with lowesr steel+atios:

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 13:35:04 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1283-2013


http://www.avadocuments.com/doc/ieee-1283-2013
http://www.avadocuments.com/doc/ieee-1283-2013

beleow200-°Ccontent, and for steel content greater than 7.5% by area, elevated temperature creep

essentially has no effect.

4.1.34 Creep predictor equations

See Annex A for a technique to predict conductor creep;_(every day) and high-temperature creep.

Annex B-fer is a computational example of the technique-to-quantify-high-temperature-ereep-and-its
effecton-conductorsag{see IEEE Paper €72 190-2-and Annex A (Harvey 9693 -4and Larson) and
(Harvey).?

4.4 2 Loss of strength and annealing

44T Intzgcucton o canducter smength
Conduetors Most conductors are made constructed of materialsmetals designed to operate best

optimally at or near ambient temperature. Operating conductors at elevated temperatures, above
approximately 75 °C (167 °F) for copper and 93 °C (199 °F) for aluminum, raise many questions and

issues; ineludingenters the temperature range for which conductor loss of eenductor strength

beeause of due to annealing. should be considered and evaluated.

4.2.1 Physics of conductor strength
Conductors derive their mechanical strength from the metallurgical properties of the parent metal
and, from cold working the strandsmetal during the rolling and/or drawing process used to shape

the strands: This , and heat treating of various aluminum alloys. The cold working enhances the

strand’s tensile strength by stretching and locking up atomic grain boundaries and atomic lattices.
For example, the process of cold working pure aluminum (1350 alloy) produces about 70% of the

strand’s overall strength. If the 1350 strand is then annealed, the additional strength from the cold

working is eliminated.

2Information on references can be found in Clause 2.
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4.4:3 2.2 High-temperature effects on conductor strength

Loss i of conductor strength is the result of annealing in the aluminum or copper strands by
relaxing the mechanical stress in the grain boundaries and lattices achieved during the cold working
process. The extent of this strength loss is a function of the material’s a conductor’s composition, its

operating temperatare; the accumulated length of Hime at this operating temperature, operating
temperature time duration, and may alse depend on cenduetor usually tension for copper. Fhe

aleminum Aluminum begins to lose strength when operated at temperatures above 93 °C: Cepper
(199 °F) while copper loses strength with high-temperature operation beginning at about at

temperatures above 75 °C (167 °F). Additionally, strands formed from continuous cast aluminum

strength of copper can be variable from one type of copper material to another. For effects of
temperature and tension on the annealing of copper, (see Hickernell et al- {1949). The strength of a

conductor’s steel core is not affected by temperatures below 206about 250 °C- (482 °F).

4.44 2.3 Annealing effects on modulus of elasticity
As noted previously, aluminum and copper strands lose strength by annealing; swhiek . This usually
does not have a large effect on the final modulus of elasticity of all-aluminum or copper

conductors. However, for highly annealed eempesitealuminum and copper conductors, this lessthe

modulus of elasticity will begin to approach that of fully annealed metal and result in strength

greater sags under heavy mechanieal loads (ke.g., ice) plus larger inelastic elongation during heavy

loading events resulting in greater bare conductor sags than predicted by the original modulus of

elasticity. Additionally, for highly annealed reinforced conductors, the annealed aluminum under

heavy mechanical loads can permanently shift a large percentage of the tensile load from the

aluminum strands onto the steel core. This redistribution of tensile load causes extra conductor

elongation, hence, greater sags than originally designed.
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