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Guide for Qualifying High Temperature
Conductors for Use on Overhead Transmission Lines

Abstract

This Guide can be used to assist in the qualification di begnperature conductors. The
purpose of this guide is to fill a need for standardizatiopesformance and test requirements
for high temperature conductors

The introduction of novel conductor materials and constmstsuch as those used in high
temperature, low-sag conductor (HTLS) systems, presentggent need for transmission line
designers to be certain that they will perform as expemted the long life of the line in which
they are installed. To accomplish this, these conductor systequire exhaustive testing
before they can be accepted for normal use.

This guide provides general recommendations for methadstesting useful to qualify high

temperature, bare conductors for use on electric ovgrineasmission lines. High temperature
conductors are understood to be those conductorgn@esiand intended for maximum
operating temperatures in excess of 150°C. The guidedes recommendations for both
indoor laboratory testing and outdoor testing of the detagHTLS stranded conductor system,
including both conductor accessories installation tools ssckhaaves and conductor grips.
Where appropriate, reference is made to existing (oreotly being developed) industry
standards that have been found to be useful for thifigation of high temperature conductors.

This guide documents the collective knowledge, expertise experience gained by the
industry.

The work for preparing this guide was carried out in epapon with members of the IEEE
Towers, Poles and Conductors Subcommittee 15.11.

1.0 Scope and Purpose

Overhead transmission lines are designed for a minimenofifi0 years. Many of the existing
lines in use around the world are older than that. Thess are subject to the full force of
nature during their life, including aeolian vibration, winddodd galloping, corrosion, high
tensile loads due to heavy ice and high wind, and occasiogh current loadings that can
produce high conductor temperatures. Under all conditidmoughout the life of the line, the
sag of the conductors must be limited in order to mamtanimum electrical clearances.

Thus the introduction of novel materials and productsh sas high temperature, low-sag
conductor (HTLS) systems, presents an urgent neddafismission lingesigners to be certain
that they will perform as expected over the long liféhef line in which they are installed. To
accomplish this, these conductor systems require exhatssiveg before they can be accepted
for normal use.
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1.1 Scope

This guide provides general recommendations for methadstesting useful to qualify high
temperature, bare conductors for use on electric eaériransmission lines. For the purposes
of this guide, high temperature conductors are understobd those conductors designed and
intended for maximum operating temperatures in exces356fC. The guide includes
recommendations for both indoor laboratory testing @mtdoor testing of the complete HTLS
stranded conductor system, including both conductor actessostallation tools such as
sheaves and conductor grips. Where appropriate, neferie made to existing (or currently
being developed) industry standards that have been fimubd useful for the qualification of
high temperature conductors.

This guide also provides general recommendations forctimsideration of electrical and
mechanical characteristics of the conductors.

1.2 Purpose

New materials are being developed for overheadrimessson applications that are designed to
operate at temperatures not traditionally considered ésethpplications. These new materials
require testing to qualify their use on overhead transmmdsies, to ensure that the
characteristics of these materials are suitable for thigcappn and will satisfy the desired
performance and longevity requirements.

The purpose of this guide is to present, in one docursefficient details on methods and
testing to outline the basic considerations necessagvfduating and qualifying high
temperature conductors for use on electric overheadtission lines. References are given in
the bibliography in Annex A.

This Guide is not intended to supersede any establistiety sales, codes, regulations, or
practices associated with the use of overhead eleatoodluctors.

2.0 Description of High Temperature Conductors

This guide is targets the qualification of high temperatanreductors using new materials or
new constructions that differ from conventional steel rescddACSR conductors. Examples
of new materials include INVAR steel, temperature resistdir Aluminum alloys, annealed
aluminum, high strength steel, and both metal and polyra&ieomposites.

IEC 62004 provides a production specification for vagi@irconium-aluminum alloy wires.

The designations A1 and A3 in IEC 62004 correspondéartbre commonly used zirconium
aluminum alloy designations TA and ZTA, respectively. I@oation tests are generally

materials dependant; polymer materials are evaluated usfegedt standards than metallic
materials. Similarly fiber reinforced metal composites atsquire different testing standards
than conventional metals. Finally, the materials respossa function of new operating
conditions, e.g., higher temperatures that matybeaddressed in existing test standards.
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Each conductor is stranded with a combination of alumimunaluminum alloy wires for

conductivity, and reinforced by core wires. The colieesvare made of steel for ZTACIR,
GZTACSR, TACSR and ACSS; they are made of fiber cgodd resin for aluminum

conductor with an organic matrix composite core and fiemforced aluminum for aluminum
conductor with metal matrix composite core. Some HTLSdgotor design examples are
shown in Figure 1 but are not meant to endorse aygugt or company.

Annealed
Aluminum

Exira High IR
el ACSSITW -

Figure 1 — Examples of high-temperature conduotsighs

This section presents basic information for six basiedygf high temperature conductors, low
sag (HTLS) transmission conductors: ZTACIR (with INVARedteore), GZTACSR (with a
gap between the steel core and inner layer of trapdzaligainum wires), ZTACSR, ACSS,
zirconium-aluminum conductors with metal matrix compositee c@for example ACCR) and
annealed aluminum conductors with an organic matrix congposre (for example ACCC).
Any of the HTLS conductors with zirconium-aluminum alloyres can be obtained with TAL
(Al) or ZTAL(A3) alloy wires. ACSS is available in batbund wire and trapezoidal annealed
1350 aluminum wires with high strength steel core wirdeSCR with metal matrix composite
core is available with both round wire and trapezoidal Abloy wires. ACCC uses only
trapezoidal annealed aluminum wires. TACSR is availableoth bund wire and trapezoidal
Al-Zr alloy wires over a steel core. GZTACSR is avaiahblith both round wire and
trapezoidal Al-Zr alloy wires in the outermost layer.

Hard drawn aluminum (1350-H19) is the ordinary aluminused in conventional ACSR.
Aluminum 1350 H19 starts annealing and losing strengtt8% @nd is not suitable for long
term use at temperatures above this. Al-Zr aluminum wir@ge essentially the same
conductivity and tensile strength as ordinary electricaldaotor grade aluminum wire but
TAL(A1) and ZTAL(A3) can operate continuously at temgiares up to 15C and 210°C,
respectively. Fully annealed aluminum wires are cheiyitdéntical to ordinary hard drawn
aluminum, and have much reduced tensile strength, buberate indefinitely at temperatures
even higher than 250°C without any change in mechaniopkgies of the aluminum. Any of
the six types of conductor are rated by their manufacttio operate continuously at
temperatures of at least 150°C. Some of the condw&arbe operated as high as 250°C.
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Table 1 below summarizes the different classes of mateoaisnonly or recently used in
conductors.

Iron-based strands

Steel (Regular-, High-, Extra-high-, Ultra-high- strér)g

Coated Steel (galvanized, aluminum-clad, aluminum-5%mistimlad)

Invar (typically Fe-Ni alloy — with coatings above)

Aluminum

Hard Drawn Pure Aluminum

Annealed Pure Aluminum

Heat-Resistant Aluminum (Aluminum-Zirconium Alloys). TAL (RIZTAL(A3)

High Strength Aluminum Alloys (6201 etc) (Aluminum-Magnan-Silicon Alloys)

Aluminum composite (aluminum reinforced with fibers)

Polymer

Polymer matrix composites (resaith carbon fibers)

Table 1. Constituent Materials used in HTLS Conductors.

3.0 Strand Evaluation

The constituent materials used in HTLS conductors vampatiaally as shown in Table 1.
Some cores are common steel strands coated with anecalhoy, or aluminum. Other
conductors utilize relatively new materials such as fibarforced aluminum composites or
fiber reinforced polymer composites. The requiredstast the test methods will differ
depending on materials. All the strand materials used inoti@uctor should be fully evaluated
before proceeding with the conductor evaluation. In ntases, basic performance issues and
unsuitability of some materials is readily determined astrend level thus avoiding costly
conductor evaluation and field testing. The basic electnmathanical, chemical and thermal
properties of the constituent strand materials should/dleaed before testing at the conductor
level.

The basic material properties that control transmission &segd are tensile strength, elastic
modulus, density, coefficient of thermal expansion, cotidticand creep. Information on the
aging (life-cycle) of the materials is important, justifying &alaation of the response of the
strands under the worst operating scenarios.

This section discusses and evaluates strand perforrfamesrhead power transmission
system applications. From this, important material attribatesdentified. A basic description
of test objectives, pass/fail criteria and test procedaneprovided.

Some tests will naturally focus on one material of aim@mogenous conductor (typically the
core strands). However it must be noted that the propeft@se part of the conductor (core or
outer) can affect the whole conductor due to interactmmsesting the whole conductor will
always be important.
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3.1 Strand Test Matrix

Many tests are well documented in various standards ambptgsidelines. Table 2 below
summarizes many of these tests and some useful resoudtieer tests may not be covered in
existing standards and some discussion is included in theutesections below.

Property Available Test Standards

Strand Tensile Strength andASTM E8 — room temperature
elongation tensile tests

tensile tests

ASTM A370 / B803/ B958 -
steels

ASTM B557 / CEl 62004-2007 —
aluminum alloys

ASTM D3552 — metal matrix
ASTM D3039 — polymer matrix
composites

ASTM B609-annealed aluminum
ASTM D792

see strength

Density
Elastic Modulus
(core wires only)

Coefficient of Thermal ASTM D696,

Expansion (CTE) ASTM E228

(core wires only) ASTM E831
ISO 11359-1, -2

Fatigue Strength ASTM E466 (load control)
ASTM E606 (strain control)
DIN 50113 (rotating)

ASTM 3479 (polymer
composites)

(core wires only in axial
direction)

Creep at room temperature ASTM E139
and max. use temperature CEl 61395

(core wires only)

Corrosion ASTM B117

Strength after environmental ASTM D4329 (UV test)

ASTM E21 - elevated temperature

Pass/fail criteria
Meets specification*

Meets specification*
Meets specification*

Meets specification*

Endurance limit greater
than 50% Ultimate
Tensile Strength for core
wires

No criteria (informing
test)

Retains strength.

The Tg of a polymer
composite should not be
degraded by more than
~10%.

Bending characteristic
should not be degraded
by more than ~10%.

Retatrength.
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aging.
ASTM D5229 (moisture)

ASTM E 1556
(heat/humidity/stress)

ISO 16151 (heat/humidity /
salt fog)

IEC 62217

Resistance to brittle fracturelEC 62217
(Fiber-reinforced

i ASTM D2303
composites)
Electrical Conductivity / ASTM B193
Resistivity IEC 60468

Strength retention of core  Applicable to core only. No
material after 1000 hours of standardized test protocol is
exposure at maximum currently available.
temperature and 100 hours

at maximum temp + 3&

Heat resistance (aluminum- IEC 62004, ASTM B941
zirconium strands only)

Bend Radius
section

Glass Transition ASTM D7246 Differential
Temperature, (Tg)
ASTM 7028 dynamic
mechanical analysis (DMA),
ASTM D7028 thermo-

mechanical analysis (TMA)

(Polymer systems only)

ASTM E1640

ISO 11358
Flexural Strength ASTM D7264, D4475,
(Polymer systems only) ISO 14125

Thermal Cycling No existing test protocol or

ASTM D5894 (UV + salt fog) The Tg of a polymer

See “sheave test” in conductor

Scanning Calorimetry (DSC), than the maximum

composite should not be
degraded by more than
~10%.

Bending characteristic
should not be degraded
by more than ~10%.

Inspect strand for
cracking. No cracking
allowed

Meets specification

Tensile strength should &
greater than 95% RTS.

The Tg of a polymer
composite should not be
degraded by more than
~10%.

Bending characteristic
should not be degraded
by more than ~10%.

Retair90% initial
strength per condition in

The Tg should be greate

temperature + 3& safety
margin

Meets specifications*

Retain tensikengfih.

e

1
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(Core wires only) standard The Tg of a polymer
composite should not be
degraded by more than
~10%.

Bending characteristic
should not be degraded
by more than ~10%.

Table 2. Tests for Evaluating HTLS Strands.
* If no standard exists, material has to respect manuttispecification

3.2 Strand Tensile Strength, Elongation and Density
Design and Performance Issues

Strand tensile strength, density and elongation to faikeréasic properties affecting line
design tension and sag. They should be the first piep@valuated and compared to the
manufacturer specifications. The strength should be meshsiiroom temperature, low
temperature (-30 C), and maximum operating temperalieemeasured values should meet
the manufacturer specifications.

Recommended Test Methods

Measuring the tensile strength of a material involves grgppio ends of a sample and pulling
at a controlled rate until the material breaks or ruptures.stéels and aluminum alloys, the
gripping and testing procedure is quite forgiving and atewtata is easily obtained. For
metals, defined strain rates should be used as strimogtases with increasing strain rates.
With fiber reinforced composite materials there are additioequirements of specialized
gripping and accurate alignment of the pulling grips oteoto generate accurate data free from
gripping and sample end effects. Density and elongabidailure are measured according to
the standard tests listed in Table 2.

3.3 Strand Elastic Modulus
Design and Performance Issues

Stiffness is important to properly design and install condsi@oroverhead lines. High
mechanical loads are typified by heavy ice and windit@pdvents, where a high elastic
modulus results in minimal sag change. Conversely, lostielamodulus core materials can
result in large amounts of sag under conditions of he@ghanical load. The measured values
should match the manufacturer specifications.

Recommended Test Method.

Measurement of the elastic modulus of a material follows#me experimental test set-up as
the tensile strength, except that the sample strain is mahfioyestrain gauge, extensometer).
When stress and strain are reviewed against each dtees,i$ usually a region of the data
which exhibits a linear behavior. The slope of this regidypally used as the elastic
modulus constant for the strand. For metals, the linestieodulus is usually below the
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yield point of the material (often 0.2% strain for aluminalhoys). In some composite
materials, the entire stress-strain data curve typicallipgghinear and elastic behavior.

3.4 Strand Thermal Elongation
Design and Performance Issues

The thermal elongation is defined by the coefficient efriial expansion (CTE). The CTE
models the conductor elongation with operating temperaflypically for high temperature
conductors, since the aluminum has a larger CTE tharotlee the thermal elongation
properties of the core control the maximum sag of thewaior. With heating, the aluminum
will transfer its mechanical load to the core resultinthencore carrying most, if not all, of the
mechanical load. The measured thermal elongation shouldmeegianufacturer’s
specifications.

Recommended Test Methods

The thermal elongation is measured according to ASTMEDASTM E228, ASTM E381, or
ISO 11359-1, -2

3.5 Strand Fatigue Performance
Design and Performance Issues

Fatigue resistance is important for enduring the adweffects of aeolian vibration and
galloping. Aeolian vibration is a low amplitude, high fregeye process which directly relates
to the high cycle fatigue resistance of the material. phesxomenon typically occurs in a range
of 10-100 million cycles. Conversely, galloping is arhagnplitude, low frequency event

which relates to the low cycle fatigue resistance of theemah This phenomenon typically
occurs in a range of 10-100 thousand cycles. Natefoin conductors, the fatigue stress is
actually an alternating bending stress, with the highesatuiim amplitudes occurring in the
outer layers of the conductor. Generally all materiade ktrength with increasing fatigue cycles
and strength loss is more rapid for increasing saegditudes. For common ferrous core
materials and composites this is typically not a problemgé&atiailures in conventional
conductors are typically by fretting the aluminum layarsupport locations (clamps, etc.)
where the stresses concentrate due to the attachment hardiiar guideline is that the
endurance limit for the core strands should equal or ex8@% of the ultimate tensile strength.
Testing at the conductor level in the suspension assemallgoseeded to fully assess the
vibration performance, see section 4.

Recommended Test Methods

Fatigue S-N (stress vs. number of cycles) curvesldime generated at medium and high
stresses according to ASTM E466 (load control), DIN 5Qtdtating), ASTM 3479 (polymer
composites) test protocols.

3.6 Strand Creep
Design and Performance Issues
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Creep is a time dependent permanent elongation of the donduacler a sustained mechanical
load. Steel and fiber reinforced composite core straymilsally have very low levels of creep,
whereas aluminum and aluminum alloys typically exhilitgher creep rate. It is important to
validate that the creep rate in the core strand will sthymacceptable limits during use. A
good reference value is to compare the creep rates wAICSR or ACSS in the range of use
temperature.

Recommended Test Methd®TM E139 & CEI 61395
3.7 Strand Corrosion Resistance
Design and Performance Issues

To maintain adequate strength over the service life af@heuctor, the conductor should
exhibit good corrosion resistance to anticipated environmeoiteosion processes. Steel cores
typically use corrosion protection measures such agg@aicanized) coatings, aluminum
cladding, or zinc- 5% aluminum-mischmetal coatings. Alumrusually is the best material
for use in typical corrosion environments as it exhibitsdgoarrosion resistance to almost all
corrosive environments. However, aluminium corrosianazcur in oxygen deficient cells
below the upper strand layers in salt polluted environn@odstal regions where humid salt
atmospheres are found are more aggressive on mostaisateéolluted environments such as
industrial atmospheres can accelerate corrosion due &uittie chemicals present.

In metal matrix composites, an additional corrosion coneEgaires evaluation. The
possibility of galvanic (corrosion) coupling of the fibedamatrix constituents through contact
with moisture may result in corrosion of the interfabalindary between fiber and matrix.
This should be evaluated. Additionally, any possible gatveoupling between the core and
the outer aluminum strands requires evaluation, as thc®ps may accelerate deterioration.

Fiber reinforced polymer cores also require their owwrosadditional environmental
evaluations. The issue of possible galvanic coupling twiee fibers (particularly carbon
fibers) and the outer aluminum strands also applies s tberes, this requiring corrosion
testing. Aging of the polymer matrix due to exposuréngoanvironment and its susceptibility
to environmental conditions could reduce the structuragiiyeof the composite core, and
potentially allow galvanic coupling between any exposedarafibers and the aluminum
strands. Corrosion testing should be performed. theigefore important to evaluate any
changes in polymer properties during aging tests. Thibeathieved by monitoring the
flexural and compressive strength of the composite dsawéhe glass transition temperature
(Tg) of the matrix. Undesirable aging of the matrix will nfiest itself in significant fluctuation
in one of those properties.

The tensile strand strength should not be degradedditicag polymer composites should be
evaluated for changes in the glass transition temperdtuee(Tg) drop should be less than 10%
and any change in flexural and compressive strengthidhbe less than 10%.

Recommended Test Methods
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It is recommended to evaluate the corrosion resistance ebtidector level to fully evaluate
the potential interaction between all the constituents, sectioB@trosion tests are performed
per ASTM B117.

3.8 Strand Environmental Aging (moisture, heat, UV)
Design and Performance Issues

This is a polymer aging issue and only applies to petyronstituents. Concerning polymer
composite materials, it is important to evaluate aging ucai@bined environmental
conditions. Aging under one set of conditions can bg geferent than aging with multiple
conditions combining exposure to heat, moisture, humadity UV. Degradation of the polymer
can be monitored by change in tensile and flexural stneag well as a change in glass
transition temperature “Tg.”

Recommended Test Methods

IEC 62217 was derived for testing polymer composite instdaASTM D4329 (UV test),
ASTM D5894 (UV + salt fog), ASTM D5229 (moisture), ABITE 1556 (heat/humidity/stress).
Ideally, these would be combined into a single test uslingf the environmental stress factors
in combination.

3.9 Strand Brittle Fracture
Design and Performance Issues

This is a stress-corrosion phenomenon and appliesynaiglass reinforced polymer systems,
although some susceptibility has been noted in carbgmgolsystems. The evaluation
examines the resistance of the material to a sustatrest in water or an acidic environment.
For a transmission conductor, the source of the acid isreithid rain or acids generated from
the interaction of electrical corona and humid air. Succketesfimethodologies have been
developed for polymer insulators. The typical degradatimcess involves stress corrosion on
the insulator surface which exposes surface fibers istteagth member and the increasing
mechanical stresses with fiber loss accelerates fiberdgedkading to a sudden rupture of the
strength member of the polymer insulator. The polymerpasite strand should not exhibit
any surface or internal cracking under combined stregsrevisture.

Recommended Test Methods

Test should be performed according to ASTM D2303 or62217. IEEE document
(Reference: M. Kuhl, FRP Rods for Brittle Fracture RasisComposite Insulators, IEEE
Transactions on Dielectrics and Electrical Insulators 28q2), pp 182-190) may also be
applied. At the end of the test, the sample is visualbgnked for damage and should retain
100% of its RTS with no degradation when subsequentlygtdidailure.

3.10 Electrical Conductivity/Resistivity

Design and Performance Issues
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This is typically a secondary concern for core materialsa critical factor for the outer
aluminum layers which provide the majority of the electroamaducting path. Fiber reinforced
polymer composites are effectively insulators, preclutlegneed for a measurement.

Recommended Test Methods

ASTM B193 or IEC 60468

3.11 Resistance to Sustained High Temperature (core) and Heat Resistance, (aluminum)
Design and Performance Issues

It is important that all the materials (core and outer alum as well as any grease used) can
resist high temperature exposure without appreciable esandundamental properties. Steel
cores are typically limited by coating breakdown to ei2@3-250C (galvanized) or 250-
30C°C (aluminum-clad and “zinc-5% aluminum-mischmetal alloytedateel wire) due to
reaction and breakdown of the protection layers. Teatpes excursions arise from two
sources. Firstly, by increasing the current, the tenperancreases due to resistive heating.
Secondly, during a fault current situation, very high aitereun through the lines for up to two
seconds until the circuit breakers open. During this,tthreetemperature increases very rapidly
and can seriously degrade the strength if the tempergt@s too high. Thus aging curves or
predictor equations of the material need to be developeaist) strength change versus time
for various temperatures and durations of exposure.

Temperatures to be considered need to include the higimesgency operating temperature
specified by the manufacturer for the conductor an@ temperature that is at least 35°C above
this to investigate reliability to accidental overheating (z@r@ condition, network overload,
short-circuit condition, conductor thermal gradient).

Typically operators take into account a margin betwaarimum allowable temperature of the
material and maximum operating temperature of the condddia . margin should consider:

- temperature gradients along the conductor length and nadied direction which can
frequently exceed 15 — 30°C [25]

- New conductors have initially a lower emissivity that tzad to a 15°C rise over the
rated temperature [25]

- In addition, with the weather parameters used for litirgahere is a probability
(typically less than 2%) that the conductor temperature wiked the rated temperature
by 15°C.

The tensile strength should not be reduced by more tianov8r the initial rated strength. The
strand coating (i.e., galvanic coating for steel) shaoldexhibit any cracking or flaking. In a
polymer or metal matrix composite, the tensile and flexstrahgths should also be evaluated
after temperature exposure and not be degraded bythard 0% over the initial value. The
glass transition temperature should not be degradedby timan 10 % over the initial value.
The heat resistance of high temperature aluminum alloys sfalai IEC standard 62004.
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Recommended Test Methods

For all core materials, measure the tensile strengthlafter10 hrs, 100 hrs, and 1000 hrs (and
more if required) at the maximum rated “emergency” tengperature (As discussed in section
3.13, the “emergency” core temperature should be at38%sthigher than the normally
specified conductor surface temperature to allow for ragliaperature and axial temperature
uncertainties over the life of the conductor). For p@y composites measure the tensile
strength, flexure strength and Tg. The strand coatieg galvanic coating for steel) should not
exhibit any cracking or flaking. The (Tg) drop shoulddss than 10% and any change in
flexural should be less than 10%. All core materials khatain ~95% of their RTS after
exposure. Temperature resistant aluminum strands shoelbheted according to IEC 62004.

3.12 Bend Radius
Design and Performance Issues

Composite materials have a more limited ability to conftom bend radius than conventional
engineering metals and alloys such as steel and aluminomthigy have a limited strain to
failure and have no plasticity. Thus care needs takentin choosing the correct diameter
installation sheaves (i.e. travellers), bullwheel-tensionascanductor reels, to prevent failure
or overstressing. In addition, the conductors conforenttend as they pass through a
suspension clamp at a tower. Tensile stresses typmaltyup on the outer edge of a bend
radius. In metal matrix composites the compression dtrangy be higher than the tensile
strength. So the bend radius is limited by the tensile stramgtistrain. However, in
unidirectional polymer composites the opposite mayurs where the tensile strength is
typically much greater than the compressive strength efdrey; the limiting bending case with
a uni-directional polymer composite is typically on the cosspion face of the bend radius.
The minimum bend radius must not exceed the manufacgeecifications.

Recommended Test Methods

The bend radius should be evaluated at the conductdémétiean appropriate sheave test at
different tension levels. The core wires should then hgerted for any sign of damage or
cracking.

3.13 Glass Transition Temperature of Polymer Composites
Design Consideration

In a polymer (thermo-set) composite, the Tg is defineti@&nee point of the curve in which
the polymer matrix (resin system) begins to soften onghdrom a harder “glassy” state to a
softer “rubbery” state. As the temperature approacbegxceeds the Tg - the ability of the
matrix to transfer loads between the load-bearing fibenedses; As the temperature of the
conductor subsequently cools, the ability of the resiratuster loads between the load-bearing
fibers returns. However, should the temperature ofdhdwctor significantly exceed the Tg

for extended periods of time, accelerated aging will paad a reduction in ultimate strength
can be expected. Therefore Tg is an interesting dieaisttc to measure in order to assess
polymer aging. An initial test is required and resulsuith be compared with Tg measurements
after aging tests.
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There is a finite probability that the actual core temperatiltexceed the rated temperature
over its lifetime. For example, temperature gradients alomgdhductor length and in the
radial direction can frequently exceed 15 °GR25]. New conductors have initially a lower
emissivity that can lead to a’5rise over the rated temperature, [25]. In additioth tie
weather parameters used for line rating there is a pralyalyipically less than 2%) that the
conductor temperature will exceed the rated temperagui&’t.

The polymer should be monitored during the aging testsare that changes in polymer bonds
due to moisture or other aging effects do not largdgcathe Tg or otherwise degrade the
conductor’s strength which could compromise the cormliscintegrity or reduce its service

life. The Tg should not be degraded by more th& afler various and/or combined
accelerated thermal and environmental aging.

Recommended Test Methods

The Tg can be measured by Differential Scanning Calorin(Bt®C), Dynamic Mechanical
Analysis (DMA), or Thermo-Mechanical Analysis (TMA). €nthe method is chosen, it
should be used consistently to ensure that any compavatives are based on the same
measurement technique. Test sample preparation musteatsmromplished in a uniform and
consistent manner.

3.14 Flexural Strength of Polymer Composites
Design and Performance Issues

The flexural strength in polymer composites is governgzhih by the matrix properties. The
flexural strength of metals and metal matrix compositdgestly related to the tensile strength
therefore flexural strength evaluation in addition to tensilegtheis not necessary for this
class of materials. Degradation of the flexural streafiir thermo-mechanical or
environmental exposure is a good indicator of aging sssimilar to the glass transition
temperature. In polymer composites, the initial bendiragatteristics should be compared
with final characteristics measured after any aging test.

The flexural strength of polymer composite strand shoatdlegrade by more than ~10% after
thermal or environmental exposure. ~10 % is a recomndeguideline based on aerospace and
military standards.

Recommended Test Methods

ASTM D7264, ASTM D4475, or ISO 14125. Bending @weristics can be assessed with 3 or
4 points bending tests. The test setups and sample leragthisetween the various test
protocols. Typically at least five samples are testechanalverage value is used for
comparison. Once the method is chosen, it has to berpeelsfor the entire test.

3.15 Strand Thermal Cycling
Design and Performance Issues

Thermal cycling is the alternating heating and cooling wiagéerial. For monolithic materials
like metals (steel and aluminum), there is little concernganetto thermal fatigue from this
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cycling. In fiber reinforced composite materials, thame two or more different materials
present, each with a different coefficient of thermal exjpansehavior, so thermal cycling
induces alternating stress state. This may lead to voidlgiovgome metal matrix composite
systems, and to de-lamination damage, matrix aging okiogam polymer matrix composite
systems, all of which can lead to strength loss. Thgnitade of the damage depends on the
materials chosen and the duration and extent of the enggodwut the larger the difference in
thermal expansion coefficient between the constituent rakt@nd the larger the temperature
excursion of the cycle, the greater the cycling thertnesses become.

In metallic materials the tensile strength should not degnadeobe than 5% after cycling. The
strand coating (i.e., galvanic coating for steel) shaoldexhibit any cracking or flaking. For
polymer composites the tensile strength and flexural dtresigpuld not degrade by more than
10%. The Tg should not change by more than 10% .

Recommended Test Methods

Cycle the individual strands between room temperature arohma use temperature for
1000, 10000 and 100,000 cycles and measure the retamgk strength. The (Tg) drop
should be less than 10% and any change in flexural sheukkss than 10%. The retained
strength should be preserved.

4. Conductor Evaluation

4.1 Class of Conductor Constructions

High temperature conductors and accessories musisigndd to operate reliably in demanding
conditions that combine high temperature operation untevad spectrum of mechanical and
electrical loads.

Chemical and environmental stability is essential, along wigmtion of mechanical and
electrical properties over the life of the conductor. In additibe conductor and accessories
must resist a wide range of transient mechanical and #hésads such as fault currents,
lightning strikes, galloping events, and ice loading. Any naaterials or designs should be
methodically tested to evaluate their life cycle performa@omprehensive testing also needs
to include the terminations and other accessories; this isyarty important when the
operating temperatures and performance are pushesvtomits.

While at first glance conductors seem to be a simple t@tbn of core and aluminum strands
they are in fact a family of conductors where eacltedifby diameter, number of layers, shape
of the strands, and the area fraction of the core relgtitiee overall cross sectional area. While
it is not necessary to test all conductor constructionsytaatéoundation of data must be
generated. It is necessary to manufacture, test, chazactend demonstrate in field trials a
critical subset of conductors. Thereafter extrapolatasther conductor diameters may be
made, within the size and type class, with only the adddfdimited performance data.
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Size Small Medium Large
Diameter (0.6-0.9") (0.9-1.2") (1.2"-1.8")
(~15-22mm) (~22-30mm) (~30-45mm)

Core Wires 7 197 19
Al Layers 2 2 3

Figure 2: The number of wire layers define smakdinm and large conductor classes.

4.2 Test Classification

There are three families of laboratory tests requiregutdify new conductor. Basic
characterization tests are needed for line design;ttestsulate installation conditions, and in
service tests to simulate the mechanical, electrical aritbemental conditions. These are
described in Table 3.

Classification Description
Basic Characteristics Tests Determine the chaiatitar of conductors for use in line design
Installation Tests Relate to conditions that canidis may experience during installation
In-Service | Mechanical Relate to mechanical characteristicoosegd on conductors while in-service
Tests Electrical Relate to electrical mechanical chandgties imposed on conductors while in-servic
Environmental Relate to environmental withstandrabteristics imposed of conductors while in-
service

Table 3: Families of tests to qualify conductors
4.3 Testing Protocols

Many Test Protocols are well established in various Stdedand testing guidelines. Table 4
below summarizes the test sources.
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Test Standards Modifications Pass/Fail criteria
Basic
Breaking Strength — | ANSI C119.4 section | None Meets strength specification
Epoxy Ends 7.3.4,1EC 61284
section 11.5.1
Stress-strain Curves | Aluminum None Test and record: derive polynomial
— Epoxy Ends Association coefficients
Guideline, IEC
61089 Annex B
Electrical Resistance | ASTM B193 none Meets DC resistance specification
IEC 60468
Creep (20C) Aluminum None Verify that creep of new conductor
Association is less or equivalent than ACSR
Guideline, IEC creep for conductor of same size
61395. and type. Derive creep rate
equations and creep stress-strain
equations.
Thermal Expansion none Meets specification

Installation

Sheave Test

IEEE 1138 Annex D,
IEC 60794-1-2
section 20

See section 4.9

Conductor and core strands should
remain undamaged after sheave
test

Radial Crush

EIA/TIA 455-41, IEC
60794-1-2 section 7

See section 4.10

Document outer strand damage,
core strands should remain
undamaged.

standard / ASTM
B117 / IEC 62217

Torsional Ductility IEC 60794-1-2 Look for aluminum to be Aluminum must fail first, core
section 11 first to fail constituent strength >95% RBS after torsional
under repeated increasing | failure of aluminum layers
rotations
In Service
Sag-temperature none Section 4.12 Validate sag up to maximum
temperature. No reduction in
strength after sag test.
Aeolian Vibration IEEE 1138 Annex B, | None Verify that conductor is undamaged
IEC 60794-1-2 after 100 million cycles
section 21 Conductor should retain ~95% RTS
Galloping IEEE 1138 AnnexC | 8% RBS Verify that conductor is undamaged
after 100,000 cycles
Corrosion ISO 9227:1990 None Measure weight loss. Conductor

strands should meet strength
specification. Tg should not
degrade by more than ~10%.
Polymer tensile and flexural
strength. should not degrade by
more than ~10%.

Fault Current

IEEE 1138 Annex
A5, IEC 60794-1-2

Increase fault, measure
temperatures, look for

Verify that conductor can accept
fault currents equivalent to ACSR

section 37 onset of birdcaging. without damage
Temperature Cycle none Section 4.17 Verify that conductor retains ~95%
of RTS strength
Cold Temperature none Section 4.18 Full strength at low temperature
Test
Conductor Grease IEC 61304 Does not dry or crack at high

temperature

Table 4. Conductor Qualification
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4.4 Conductor Strength
Design and Performance Issues

Conductor strength and weight directly impacts the amousa@{D) and tension (H) in a
overhead transmission conductor. Specifically,

D= w*S?/(8*H) Eq 1

where;
S=span length
w= weight per unit length

Thus (H/w) is directly related to specific tensile strengienerally the higher the specific
tensile strength, the lower the sag.

The conductor should meet the specified strength.
Recommended Test Method.

The purpose is the verification that the actual (ultimate) tesggagth of the conductor meets
or exceeds the rated breaking tensile strength (RBS) sokbif the supplier. Test methods may
follow ANSI C119.4 section 7.3.4, and/or IEC 6128dtwm 11.5.1.

The test for metal matrix composites and polymer compashi@sld follow the manufacturer’s
recommendation for testing procedures, in particular grgppfrihe core and conductor.

4.5 Stress-strain response
Design and Performance Issues

The purpose of this test is to define the stress straue @i the conductor. This curve allows
designers to compute sag of the conductor. The meghstress-strain curve should be used to
derive the polynomial coefficients.

Recommended Test Methods

Test procedures are described in Aluminum Association GRiee. 1999, “A Method of
Stress-Strain Testing of Aluminum Conductors and ACSRAamdst Method for Determining
the Long Time Creep of Aluminum Conductors in Overhigads”, and in IEC 61089 Annex
B.

4.6 Electrical Resistance
Design and Performance Issues

Electric losses on the grid are mainly due to the ebattresistance. DC resistance at a specific
temperature depends on aluminum area and its gradecl€htscal resistance increases with
the temperature.
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The measured resistance should be less than or eghbeldpecified value.

Recommended Test Methods

The DC electrical resistance and thus resistivity of the wctod will be measured and
compared to the calculation derived from constituent ptigse ASTM B193 & IEC 60468
provides a standard on measuring electrical resistamcesaistivity.

4.7 Creep
Design and Performance Issues

The creep of conductors becomes important due to thesticenature of metal under everyday
tensions over many years of operation. Typically the alumioreeps and the sag permanently
increases. Predictive knowledge of this increase becparesf the design criteria for loading
design conditions, since allowance is made for sag daeép.

The creep should be compared to that of an equivalenA#AC, ACSR, or other familiar
conductor, with the creep of the new conductor beqngualent or less than familiar conductor
creep. If the creep is notably different than a famil@rductor, it may be wise to pay
additional attention to the sag after 10 year creep.

In addition, creep at high temperature (maximum operatimperature) should be measured to
check that it is similar to room temperature creep. Foplgiity, the core only may be
measured at high temperature since almost the entireictmndoad is typically carried by the
core at these temperatures. The data generated aetighrature is not typically used in
transmission design.

Recommended Test Methods

Aluminum Association Guide, Rev. 1999, “A Method ofeSs-Strain Testing of Aluminum
Conductors and ACSR and A Test Method for Determinind.timg Time Creep of Aluminum
Conductors in Overhead Lines” or IEC 61395 with modiftcato add creep measurements at
the maximum use temperature under expected service |daegsconductor load at high
temperature will typically be significantly lower than abm temperature due to thermal
elongation. This behavior needs to be validated befteetsry the load values for the creep
tests at elevated temperature.

4.8 Conductor Thermal Expansion
Design and Performance Issues

The thermal expansion is needed to predict sag versugtaime. In non-homogeneous
conductors, two regimes are defined in a plot of straitemperature, namely above and below
a kneepoint (point where aluminum unloads). The stdpke line in these two regions is the
rate of change of strain with temperature, which is tlefictent of thermal expansion (CTE).
Two CTE’s will be measured, one above and one belowribe-point temperature.

The measured values should match the specified value.
Conductor Thermal Expansion: Recommended Test Methods
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There is no test standard. A suggested procedarefalows:

Terminate a conductor with resin ends. Place in a tetesiteng frame with provision to monitor
strain (strain gauges, extensometer). Pretension at a mesdhansion below yield point of
aluminum (in order to avoid to have a knee point below rtemperature) for a few hours to
minimize creep and allow strand settling. Reset load to01%-RBS and maintain throughout
the test. The level of load chosen moves the position driteepoint. Thus a test at 10% RBS
may have a kneepoint at a low temperature which credteger set of data above the
kneepoint from which to evaluate the thermal expanst@onversely, a higher load may have a
kneepoint at a higher temperature which createsgaraet of data below the knee-point
temperature from which to evaluate the thermal expansion.

Heat the conductor (e.g. via current). Heat slowly f&0fC to 50°C while measuring the
strain change, and then hold at 50°C for 30 minutecantinue to measure strain. This is to
stabilize the temperature. Then continue increasing thestatope slowly in 50°C increments
followed by stabilization for 30 minutes. Proceed untilrtfaximum temperature is reached.
Follow the same procedure during cooling. At the end ofdbie note any change in strain from
the starting condition.

Plot the %strain vs temperature. Identify the two regirhes@and below the knee-point
temperature. Calculate the slopes in each regimeseTinay be done in two ways, one with a
linear fit to the data that will represent an average @FEhfat temperature range, and a second
that would be second order (or higher) polynomial. Tdtier equation can then be
differentiated with respect to temperature to give whadlied the instantaneous CTE at a
given temperature. CTE could then be plotted against tetoper

4.9 Sheave Test
Design and Performance Issues

Installation can lead to severe loading conditions. A shiemtés necessary to ensure that the
conductor is not damaged during the stringing operalibe amount of stress imparted in the
strands during stringing will be a function of the condustpe, strand diameter, materials,
sheave geometry (diameter and groove size), anglelmwesheave, applied tension and number
of passes.

Composites are highly anisotropig, they have good tensile strength but lower shear,
transverse and torsional strength. Their response nmadé&raxial stresses needs to be
carefully evaluated under installation conditions. The seleof sheave diameter and groove
radius will affect bending and crushing stresses. Somduotor grips can also damage
composite cores under combined loading. Conductor pdéngnduce torsional loading.

The sheave test is designed to show the conductobist for installation over stringing
sheaves (pulleys), where it has to conform to the baaids of the sheave. Indeed the
conductor passes over multiple sheaves in a multi-stallation so bending fatigue and
combined bending-tension loads are applied.

The sheave test has to demonstrate that the conductmnseamdamaged after being subjected
to multiple passes at selected tension levels and angtesh@recommended sheaves. The
core should be inspected and not damaged.

22/44



Recommended Test Methods

Standards IEEE 1138 Annex D and IEC 0794-1-2 sectiom&y be adapted as a test to show
robustness to this operation. The conductor is fixéxbtht ends, and then tension is applied
with the conductor over a sheave (of suitable diameterpta desired angle. The sheave is
then moved back and forth over the conductor or ¢imelector is moved over the sheave a
specified number of times to simulate the conductor passiagthe sheave. After this, the
conductor is evaluated either by disassembly to constigieands and inspection, or by a
residual tension test.

4.10. Radial Crush
Design and Performance Issues

The intent of the Crush Test is to subject the high teatpes conductor to simulated crushing
or clamping forces that could occur during installation ointeaance (e.g. truck driving over
the conductor). The conductor could be crushed testtent of adversely affecting the tensile
strength of the conductor. The core strands should remngiamaged after the crush test.

Recommended Test Methods

EIA/TIA 455-41 or IEC 60794-1-2 section 7 may be addpate a test to show robustness to this
operation. A short length of a sample is subject toaaidshing between two steel platens.
The conductor is then stripped of aluminum wires and therore wires tensile tested for
residual strength. The core should retain its full strengitre damage (flattening, denting) of
the outer aluminum strands is also noted.

4.11 Torsional Ductility
Design and Performance Issues

This is a test which provides insight into the ability of thaductor to withstand the torsional
forces during installation. (i.e. stringing and saggingk €dnductor and core should not be
damaged.

Recommended Test Methods

IEC 60794-1-2 gives a test set-up to follow, but it is satggkthis be extended. The conductor
shall be tensioned to 20% of the conductor RBS. Thduwziar sample is rotated in the
direction of the lay of the strands for one-half turn (80'he conductor is then rotated one-
half turn (180°) in the reverse direction to the lay ofdtrands. This constitutes one torsion
cycle. This cycle is repeated a many times but withrdkegion increasing by an extra one-half
turn (180°) in each cycle (i.e. to 180°, 360°, 5409°7®00° and so on). This continues until
either the core or aluminum strands begin to break. gdirg is noted and then twist per unit
length is calculated and reported. If the core is intaetatbminum layers are stripped off and
the core is tensile tested to failure and zero twist. stiemgth compared to the initial strength
of the core is reported.
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4.12 Sag and Temperature Performance
Design and Performance Issues

Validation of sag versus temperature is performed om#alted test span. The test validates
the sag-tension response over time and most importaglgtselevated temperatures.

With this test it is possible to define the aluminum compressbre used in design and check
the thermal expansion. Different overload cycles maggdpdied and the conductor will
withstand combined thermo-mechanical cycles and thus th&rregates multiple emergency
conditions.

The measured tension and sag should match the predattes$ at the maximum operating
temperature. The tension and sag should remain predicttbl multiple emergency cycles.
The conductor strength should not be degraded afteipheuthermal cycles. For polymer
composites, additional validation is recommended to ensuréhthfiexural strengths have not
degraded by more than 10% and the Tg has not chaygedte than 10% .

Recommended Test Methods

There is no specific standard for this test. This isex@emple of a protocol (this test can be
carried out in laboratory or on an outdoor span).

Heat the conductor from room temperature to the maximpenating temperature and back.
Continuously measure the sag, tension, and temperature.

In outdoor: This test could be done during at least 2 weeeRslifferent periods of the year. For
instance winter and summer seasons:

» During the weekend and the night, conductor is maintaabéioe maximum
permanent temperature.

» Simulate about 10-1000 cycles between ambient tempegtdrenaximum
operating temperature. Time to reach the maximum opgregmperature can be
changed between the different tests in order to apply eliffeurrent.

After the test: Check that the sag has not changed befdraftan the overload. Validate that
the conductor retained at least 95% RBS. In addition flynper core conductor, additional Tg
and flexure tests can be performed.

4.13 Aeolian Vibration
Design and Performance Issues

Conductor and hardware must be designed to survilmaedbrations due to wind. Fatigue
damage shall not occur on the metal components of tigctor or hardware at attachment
locations. The purpose of this test is the verification eftiechanical integrity of the
conductor and the supporting hardware when subjectsithiulated vibration conditions.

The conductor should not exhibit any damage (brokendsraexcessive fretting) and
optionally be tested to demonstrate the conductor resaiesst 95% RBS after 16ycles.

Recommended Test Methods
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IEEE 1138 Annex B or IEC 60794-1-2 section 21

An amplitude of one-third the conductor diameter undenside of 25% RBS is suggested,
with a break-over angle of 1-2°.

4.14 Ice Galloping
Design and Performance Issues

Conductor and hardware must be designed to survivgalé@ping. This phenomenon can
occur in areas that experience the combination of stnastgised winds and icing or wet snow
formation on overhead line conductors. Fatigue or athsrage shall not occur on the
components of the conductor or hardware.

The conductor and suspension should be inspected awdhshgign of damage after 100,000
cycles. The conductor strength may optionally be temteldshould be least 95% RBS.

Recommended Test Methods

The intent of the Galloping Test is to subject the conductosapgorting hardware to high
amplitude galloping motions per IEEE 1138 Annex C.

4.15 Corrosion
Design and Performance Issues

The objective of this test is to determine the effects adntrolled salt atmosphere on the
conductor sample. A salt atmosphere is consideredatjypibe most corrosive environment
the conductor will experience, however, if more cau®&nvironments are anticipated, then
appropriate tests within those simulated environments sheutdnsidered.

The conductor weight should be monitored, and anyhtéags is an indicator of susceptibility
to corrosion. Individual constituent strands from thedemtor should meet their minimum
strength specification after the test. For polymer compotiie flexural and compressive
strength should not drop by more than 10% and the Tddhoudrop by more than 10%.

Recommended Test Methods

The test conductor samples are placed into a standaspssy-testing box as defined by the
ISO 9227:2006 standard or ASTM B117. Corrosion tesiram accelerated test that usually
involves the use of an environmental chamber thatelslian environmental media at a
controlled temperature and pH. A salt fog (salt spratf)esmost common media although
more aggressive environments that simulate polluted industiabements are possible.
Multiple test samples are placed in the chamber andgssigely removed after increasing time
increments up to 1000-2000 hours. The samples areatleand weighed to track weight loss
due to corrosion, and then retained tensile strength idldl strands is measured to track
critical property changes that may occur over time apdsure. A common test is to cycle salt
fog, clean fog and dry periods as specified in IEC 82&inex C.
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4.16 Fault Current Performance
Design and Performance Issues

Short circuits should not damage the integrity nor imgegrfunctionality of any component of
the conductor including its electrical, thermal, and medadperformance. Fault current
conditionscan leado transient temperatures in excess of’806ausing permanent bird caging
and possibly irreversible degradation of the core andéoaliiminum.

Fault current can be a result of a phase-to-tower orepizaghase short circuit. The end user

will provide i) a description of short circuit fault curreadequate for establishing the required
1%t (I=current, t=time) requirement of the conductor, ot’tijas specified by the end user. Fault
currents are large currents applied for very short tifdesto 2 sec commonly) before a circuit
breaker eliminates the current. In this time, the temperanhay rise rapidly and the conductor
is subject to severe stresses.

The onset of bird caging will also be dependent omthterials. Conductors with a non-
conductive core and low thermal expansion will exhibitghhliemperature gradient and high
differential elongation between the aluminum strand and thee his can lead to permanent or
temporary birdcaging at low short circuit levels.

The conductor and fittings should be inspected and sloosign of damage or permanent
birdcaging at the specified short circuit level given by trex.us

Recommended Test Methods

Standards IEEE 1138 section A5 and IEC 60794-1-2 se8fianay be adapted as templates to
show robustness to fault currents. The conductor isoleedito a predetermined load (10-25%
RBS) and then current pulses are applied to the maximuaductor rating, with cooling to the
initial temperature in between and constant temperature maogiis used. Current pulses may
be varied between short high current and long lowectipulses depending on the target value
of 1%t desired. Thereafter, an optional residual tensiomtegtbe performed, or the conductor
and fittings may be disassembled and inspected to lokgos of excessive wear,
discoloration or other signs of breakdown. The condwsample shall be visually inspected for
birdcaging or other damage periodically throughout the test.

4.17 Temperature Cycle
Design and Performance Issues

The purpose of this test is verification of the degradati@macteristic of metallic and non-
metallic material when subjected to thermal cycling. Temperagaieng can create large
internal stresses due to thermal expansion mismatch betwestitwents. For example:
between the core wire and its protective coating, or letvdibers and a matrix.

The conductor should retain at least 95% RBS after a mminfulb00 thermal cycles. In
addition the wire should be inspected and show no sigragking or coating damage after
thermal cycling. In polymer composites, the flexural stresptbuld not degrade by more than
10% and the Tg should not degrade by more than 10%tla¢tenal cycling.
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Recommended Test Methods
A recommended thermal cycling test (combined cyclingsifollow:
- Mechanical tension, 20% RBS, marks on the condatttre edge of the connector

- 100 cycles from room temperature up to maximum teatpee specified by conductor
manufacturer. Hold at maximum temperature +/-°Z5or at least 5 min.

- Increase mechanical tension up to ~70% RBS at roometeture during and hold for 24
Hours. After 24 hours hold, release tension back t6-RBS

This cycling test will be repeated 5 times.

During the test, temperature of connectors, conductoeksuttical resistance are recorded
according to ANSI C 119.4 (Note this test can be caoigdvith epoxy or manufacturer
recommended dead ends)

A breaking load test is applied at the end of the test. @adstrength has to be higher than 95
% RBS.

Concerning polymer core conductor, it is recommendedake an Tg and bending tests on
initial and aged conductor. The maximum test temperatwe to be defined by manufacturer.
At the end of the test the Tg and bending test will be pedd. Final and initial values will be
compared. The (Tg) drop should be less than 10 %aapa@hange in flexural should be less
than 10%.

4.18 Cold Temperature Test
Design and Performance Issues

Extreme cold can irreversibly affect composite conductatts large differentials in coefficient
of thermal expansion by shedding excess load to the @lumi

The conductor and fitting should reach at least 95% RB&watemperature and not show any
signs of damage. The conductor should not exhibit ymyaf damage such as loose strands
after the conductor has been subjected to cold temperature.

Recommended Test Methods

Load a section of conductor with a fitting to 20% RBS. Cookthreductor and fitting to -30 C
and hold at temperature for at least one hour. Pull theuctmdto failure at ambient
temperature.
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4.19 Conductor Grease
Design and Performance Issues

In both AAAC and ACSR conductors a coating of greassommonly used to reduce the risk
of corrosion of the steel core and the aluminum stra@asmductors along coastal regions of
the continent have utilized the grease coating to redudadhess of salt laden moisture from
coming in contact with the steel core wires. The imagésgure 3 illustrate typical grease
filling styles. The grease, represented by the grey edlarea in these images is applied to
surround the steel wire core. In Europe the entirdwctor may be filled with the grease
material encapsulating all of the steel and aluminum strareswi

Figure 3 — North American greased conductors.

There are two basic types of grease utilized for cagsic The first and perhaps the most
common, consists essentially of a stabilized mixture of ralr@rsynthetic oil and thickeners
such as metal soaps and inorganic compounds. Tesfygrease is applied without heating.
The second type of grease coating is applied with heatingrdduct first. It is a grease
consisting of petroleum waxes associated with small quantitiesneral oil and organic
additives. The grease materials are formulated to mégeinary test requirements a) high
temperature Drip Point, and b) moisture washout resistaoarrosion barrier characteristics.

The grease should be rated for high temperature oger&onventional petroleum based
greases are not suitable for continuous operation at etetexnperatures. They will "dry out'
and crack, allowing moisture to come in contact with themalecomponents of the conductor.

Recommended Test Methods

In North America there are no published specificatetsiling the requirements for the grease
in ACSR conductors. In Europe where grease filled gotmls are more popular in use there is
IEC 61394 and EN 50326 standards that provide requiresniier the different types of grease
material. The European standards are applicable to hogmase filling of an ACSR
conductor, but also all aluminum and aluminum alloy typestructions.
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5.0 Accessory Evaluation

Suspension and dead-end hardware, some types afigibdamper hardware, spacers, and
repair hardware for HTLS conductors are usuallygiesi for a specific size and/or type of
HTLS conductor. Hardware is generally not designed commodate a range of sizes of
conductor. The hardware for HTLS conductor is commadelsigned to keep the fitting cool
when the conductor is running at high temperature. Alsartaterials should be selected to
resist annealing or adverse aging in the expected rarapeddting temperature.

Factors that may influence the interaction of the hardwart&s conductor interfaces are as
follows:

a) The materials chosen for the hardware should haterial properties that are thermally
stable for the operating temperatures

b) The accessory design should attempt to minimize thebpg temperature experienced by
the hardware.

c) The accessory should be designed and tested teeghatithe conductor retain its full
performance with the accessories under normal andgemey loading conditions. This is
particularly important when using new materials.

d) Contact between dissimilar materials may cause a@xeas®rosion in some environments.
It is therefore recommended that hardware and othesacdes connected electrically and
mechanically to the conductor are compatible for the gctad being used.
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5.1 Test Matrix and Standards

Test

Standards

Modifications

Pass/Fail criteria

Terminations

Dead-end, Joint
Strengths

ANSI C119-section
7.3.4, IEC 61284-
section 11.5.1

None, but option to use epoxy as one
of terminations. Only test dead-end
designs that are also an electrical
junction.

Exceeds 95% RBS of
conductor

Current Cycling

ANSI C119.4-section
6-modifed, ANSI
C119.7 (draft), IEC
61284-section 13-
modified

Each cycle to conductor emergency
temperature rating, plus a further 100
cycles to (emergency + 60°C)

Show resistance and
temperature stability per
standard

Sustained Load
(room temperature)

ANSI C119.4-section
7.3.3

None but option to use epoxy as one
of terminations

No slippage. Exceeds 95%
RBS of conductor after
sustained load test

Sustained Load ANSI C119.4 - As ANSI C119.4, but with 15%RBS at | No slippage. Exceeds 95%
(high temperature) section 7.3.3- modify | conductor emergency temperature RBS of conductor after
to higher sustained load
temperature
Thermal Profile none Pass current to heat conductor and Temperature in hardware

hardware to maximum (emergency)
operating temperature. Measure
temperatures on hardware.

below specified maximum
use temperature of
materials used in hardware.
Attachment point (to
insulator) temperature less
than maximum specified for
the insulator

Corona |IEEE539/656, IEC None Corona extinction voltage

61284-section 14 and maximum RIV shall
meet required specification

Suspensions

Aeolian Vibration IEEE 1138-annex B, | None No broken or damaged
IEC 60794-1-2- strands. Optional tensile
section 21 test-exceeds 95% RBS

Ice Galloping IEEE 1138-annex C | 8% RBS No broken or damaged

strands. Optional tensile
test-exceed 95% RBS

Turning Angle

none

Hold a minimum of >40% RBS (or
maximum heavy load design value)
through suspension with 30° turning
angle

No broken or damaged
strands. Optional tensile
test-exceeds 95% RBS

Unbalanced Load

IEC 61284-section

Measure load to get slip of conductor

Meet slip load specification

11.4.2/3/4 in suspension And no damage to
conductor. Optional tensile
test-exceeds 95% RBS
Thermal Profile none Pass current to heat conductor and Temperature in hardware

hardware to maximum (emergency)
operating temperature. Measure
temperatures on hardware.

below specified maximum
use temperature of
materials used in hardware.
Attachment point (to
insulator) temperature less
than maximum specified for
the insulator

Corona Testing

IEEE539/656, IEC
61284-section 14

None

Corona extinction voltage
and maximum RIV shall
meet required specification
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Dampers

Damper Efficiency

|IEEE 664, IEC
61897-section 7.11

None

Demonstrate damping
efficiency exceeds
minimum specification
across the frequency range

Spacers
Short Circuit bundle | none Short circuit pulses to force conductor | No conductor and spacer
collapse test bundles to collapse and touch. damage after short circuit
Choose current and time interval to collapse.
meet utility specification. Adjust
tension to permit collapse condition.
Thermal Profile none Pass current to heat conductor and Temperature in hardware

hardware to maximum (emergency)
operating temperature. Measure
temperatures on hardware.

below specified maximum
use temperature of
materials used in hardware.

Repair Systems

Current Cycling

ANSI C119.4-section
6-modifed, ANSI
C119.7 (draft), IEC
61284-section 13-
modified

Each cycle to conductor emergency
temperature rating, plus a further 100
cycles to (emergency + 60°C)

Show resistance and
temperature stability per
standard

Thermal Profile

none

Pass current to heat conductor and
hardware to maximum (emergency)
operating temperature. Measure
temperatures on hardware.

Temperature in hardware
below specified maximum
use temperature of
materials used in hardware.

Repair System
Tensile Strength

ANSI C119-section
7.3.4, |IEC 61284-

None. Install over cut strands
equivalent to the maximum repair

Exceeds 95% RBS of
conductor

section 11.7 capacity of the system

Repair System none Install over cut strands equivalent to Optional Test to show

Conductivity the maximum repair capacity of the repair system restores the
system. Often repair systems provide | full conductivity of the
much larger (cross-section) conductive | conductor.
path than the conductor alone and so
the test is optional.

Electrical

Connectors

Thermal Profile none Pass current to heat conductor and Temperature in hardware

hardware to maximum (emergency)
operating temperature. Measure
temperatures on hardware.

below specified maximum
use temperature of
materials used in hardware.

Current Cycling

ANSI C119.4-section
6-modifed, ANSI
C119.7 (draft), IEC
61284-section 13-
modified

Each cycle to conductor emergency
temperature rating, plus a further 100
cycles to (emergency + 60°C)

Show resistance and
temperature stability per
standard

Tensile Strength

ANSI C119-section
7.3.4, IEC 61284-
section 11.6.1

None. Measure slipping or failure
load. This is typically a partial tension
connector (low strength).

Meets partial-tension
strength rating of the
hardware

Table 5: Accessory Qualification
5.2 Dead-End and Splice Connectors

Dead-end connectors are used to attach the condadtsersupporting dead-end tower which
carries the full conductor tension. Terminations asegieed to develop at least 95% of the

conductors rated tensile strength. Splices are comnosely to join free ends of the conductor

within a span, and are also designed to develop at96&sbf the conductors rated tensile
strength. Qualification of the terminations has four majdmg€omponents:
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a) Mechanical — verification of the tensile strengthoaim temperature, and that the termination
is able to support > 95% RBS. In addition sustained laadsom and elevated temperatures
are performed to test for possible slippage.

b) Thermal - the temperature profile of the terminatiare measured to ensure cool running at
elevated temperature and that attachment points to towetus&sicun cool.

c) Electrical Interface - the resistance to multiple heatimigcaoling cycles (current cycles)
which exposes the termination to multiple thermal cycles andebtieal resistivity of the
termination is monitored for signs of degradation and fownatf hot-spots. During the heating
and cooling cycles the electrical resistance and connerigerature is monitored and
recorded. Plots of conductor and connector temperahdelectrical resistance as a function
of cycles are prepared to demonstrate stability duriadpéat cycling. Signs of any degradation
and formation of hot-spots are identified. It should teed the stability criteria are still

evolving for high temperature conductors but that theeeuseful guidelines for typical size
connectors (such as compression accessories). leowbere are no established criteria for
large, low resistance terminations such as helical rodssgodes.

d) High Voltage — standard corona tests are run torernlsa hardware design is compatible
with the intended voltage of use.

If the termination uses inhibitor compounds, the compoundldibe able to perform and be
rated for the maximum use temperature. Conventional iohibitmpounds used for ACSR are
typically not acceptable for high temperature conduatat fittings. Except if joints are
designed to operate at traditional temperature. In #se diagnosis of joint should be adapted
to detect overheating of the joint above traditional tempexraGenerally, special high
temperature compounds should be used.

53 Suspension Assemblies

Suspension clamps and assemblies are used to attacimthueton to a suspension tower,
which primarily support the conductor vertical and transvieraés due to conductor weight

and any wind or ice loads. For any conductor inclutiioge with composite cores, controlling
bending stresses to acceptable limits is critically import8aspension designs that either in-
part or wholly use helically formed wire technology prevaependable results and are well
suited for the challenges of the high temperature lowesaductors. The rod technology
assists in dissipating heat, thus keep the suspensionvatenhperature, it can protect soft
annealed aluminum strands, and it can both ease the gestdims and the clamping shear
limitations of anisotropic cores. Conductors based oalpunetallic systems may use standard
clamping systems that have been modified to account fortbigperature operation.

Qualification of the suspension assemblies has four majoponents:
a) Mechanical — a turning angle test and an unbalaneeddst.

Turning angle tests ensure the conductor can cagtyrhechanical loads (> 40% RBS or the
maximum heavy load design requirement) through the maxisuspension angle for which
the suspension is rated (e.g”B@ithout damage or strength reduction in the bending region.
The conductor is suspended in a suspension, hangimgaftest frame and configured so the
conductor break-over angle is the test angle. A tensitkithen applied to the conductor
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along its longitudinal axis. The load is raised to the tdogel and held for at least10 minutes.
Then the conductor is unloaded and removed. Thergh@eonductor can either be strength
tested to ensure strength retention, or disassembledspetied strand by strand, with optional
strand strength testing.

Unbalanced load tests simulate situations where neiglgospians experience very different
loads, such as due to ice accumulation. Under sudtisins, some utilities have the
requirement that the suspension needs to grip the comdvithiout slippage up to the
unbalanced load capacity of the suspension structymeatly about 10-35% of the conductors
rated breaking strength (is usually utility specified). \ifitreasing load the desire is for the
conductor to slip through the suspension and redudedldembalance across the tower.

b) Thermal - the temperature profile of the suspensaomsneasured to ensure cool running at
elevated temperature and that attachment points to towetus&sicun cool.

Because the conductor operates at high temperaturenpastant to characterize the
temperature differences between conductor, the sugpeaissembly, and the supporting
insulators. The temperature profile aids in verifying na@atal and thermal stability of the
suspension assembly components and insulator end fittogspfrolonged high-temperature
operation. Attention should be paid to verifying that thepteratures experienced by the
components are within the temperature capability of the mategatsand that they will not
age rapidly due to these temperatures. Materials wiocilladde any metallic structures of the
suspension as well as any elastomeric components.

c) Motion Control - aeolian vibration and galloping tests.

Conductor motion tests involve both aeolian vibration and galipp®ne of the principal
causes of the breakdown of conductors is accumulatibveting and fatigue damage due to
high frequency aeolian vibrations, or high amplitude gétig. In these tests the goal is to
check the endurance limit and to characterize any datoape suspension hardware or
conductor. Measurements are typically performedigpension clamps as the adverse effects
of aeolian vibration or galloping tend to be concentratetie connecting hardware. Vibration
testing is extremely difficult to perform well. Indeeg@@or test typically leads to misleading
“good” data rather than accurate data. The difficutty In controlling the node and anti-node
positions precisely since these can drift with time and ézatpre during the test. Thus
rigorous compensation feedback loops and constant mogjtare essential.

A number of tests may be performed to illustrate resistagolian vibration damage, with 100
million cycles at a specified amplitude being a useful guiddétinéhe endurance limit. Under
galloping, 100,000 cycles is considered an adequateReshoth tests, visual inspections are
made for signs of damage or wear in conductor strandsuspension assembly hardware.
Testing configurations may follow the recommendation&BH 1138, Annex C and D, or
IEC60794-1-2, section 21.

d) High Voltage — standard corona tests are run torerniea hardware design is compatible at
the intended voltage of use
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5.4  Vibration Dampers

The most common form of vibration is Aeolian vibratibat occurs when wind passes over the
conductor at constant speeds. Dampers are useteasadxievices mounted on the conductor
to reduce the amplitudes of vibration, and thus reducectheraulation of fatigue damage.

For each conductor construction, it is necessary tardete the appropriate damper that will
maximize the vibration damping in the line. This is accomptiskiéh a damper efficiency test.
Multiple tests are usually run with the conductor testedvibieating mode, and different size
dampers are evaluated. The damping performancensnionitored across a range of different
frequencies, which represent different wind speed® demper that provides most appropriate
damping performance across the required frequence rstmguld be chosen, and that also meets
the minimum specified efficiency criteria across the entgguency range. Suitable test
methods may be found in IEEE 664, and in IEC 61897iesed.11.

Standards exist for the testing of dampers as indivicaraare items (e.g. IEC 61897). The
guideline here addresses the interaction of that kerlwith HTLS conductors.

5.5 Spacers and Spacer Dampers

Spacers are used for bundled configurations. Spsrapers are also designed for use with
bundle configurations and also have an additional funtti@aduce vibration amplitude during
aeolian vibration.

The spacers should be designed to perform at highetatope. In particular the maximum
operating temperature of the spacer should be evalaatethaterials selected to prevent
adverse aging. It should also be designed to surtiee sircuits without damage to the spacer
or conductor.

Thus the minimum tests required are:

a) Thermal - the temperature profile of the spacer aa&snred to ensure cool running at
elevated temperature.

The temperature profile aids in verifying mechanical andnhestability of the spacer or
spacer damper components during prolonged high-tempe@eration. Attention should be
paid to verifying that the temperatures experienced bydhgaonents are within the
temperature capability of the materials used and thawtfieyot age rapidly due to these
temperatures. Materials would include any metallic structfrdse spacer as well as any
elastomeric components. Elastomers are often used withgptter clamp and as a damping
material within the spacer damper. Thus verifying that tmpégature experienced at these
points does not exceed the temperature capability of teeelar is important.

b) Short circuit collapse test

When a short circuit (impulse) condition arises on a buncthediguration, and if the fault
current is sufficiently high, the conductors within thendle may be attracted to each other to
the point where they touch (i.e. a collapsed conditionheMthe fault clears, the conductors
with in the bundle return to their previous positions. THEpsed condition increases the
mechanical tension in the conductors and also creates a @diending at the clamps of the
spacers/spacer dampers. This condition can be simukageghmort-circuit collapse test.
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Standards exist for the testing of spacers and spaogpers as individual hardware items (e.g.
IEC 61854). The guideline here addresses the interadtitvat hardware with HTLS
conductors.

5.6  Repair Systems

Typical repair systems can include single aluminum sleéagsbompress onto the conductor
around a point of damage, or they can be a singé [ayhelical rods that wrap around the
point of damage. The function of the repair is toasthe mechanical strength and the
electrical conductivity around the damaged region. Repsiess usually just repair damaged
aluminum strands. Different vendors have a range aéreifit products that permit restoration
of certain fractions of damaged strands (e.g. to réffis, 33%, 100% of the aluminum
strands).

Thus the minimum tests required are:

a) Thermal - the temperature profile of the repair sysseameasured to ensure cool running at
elevated temperature. Attention should be paid to verifyiagthe temperatures experienced

by the components are within the temperature capabilitysomaterials used and that they will
not age rapidly due to these temperatures.

b) Mechanical — verification that repair of the maximurmber of strands for which the repair
system is rated, the resulting tensile strength at room tetapeshows the repair is able to
support > 95% RBS.

c) Electrical Interface - the resistance to multiple heatinigcaoling cycles (current cycles)
which exposes the repair to multiple thermal cycles andlélatrieal resistivity of the repair is
monitored for signs of degradation and formation dfdpmts. During the heating and cooling
cycles the electrical resistance and connector tempetigtaronitored and recorded. Plots of
conductor and connector temperature and electrical reseséana function of cycles are
prepared to demonstrate stability during the heat cyclingns®f any degradation and
formation of hot-spots are identified. It should be nobedstability criteria are still evolving

for high temperature conductors but that there ariugeidelines for typical size repairs
systems (such as compression accessories). Howlesey,are no established criteria for large,
low resistance repair systems such as helical rodsages.

An optional extra test would be the measurement of resestross the repair system
compared with the same length of pristine conductor. goiawould be to ensure the repair
system restores the full electrical conductivity of the aledtpath. This is only suggested as
an optional test because in many cases the repainmsy/ptevide so much extra conductive
cross-section that the conductive path becomes muctegrea

d) High Voltage — standard corona tests are run torernkea hardware design is compatible at
the intended voltage of use
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5.7 Electrical Connectors

Electrical connectors are viewed as partial-tension conrsegia are only required to support
low mechanical tension loads, typically as part of a jursperg. Terminal hardware, jumper
splices, and parallel-groove clamps are examples of e@ctonnectors.

Thus the minimum tests required are:

a) Thermal - the temperature profile of the terminatioesr@@asured to ensure cool running at
elevated temperature. Attention should be paid to vegfthat the temperatures experienced by
the components are within the temperature capability of therialatesed and that they will not
age rapidly due to these temperatures.

b) Electrical Interface - the resistance to multiple heaimdjcooling cycles (current cycles)
which exposes the connector to multiple thermal cycles andldctrical resistivity of the
connector is monitored for signs of degradation and foomaf hot-spots. During the heating
and cooling cycles the electrical resistance and connecigerature is monitored and
recorded. Plots of conductor and connector temperahdelectrical resistance as a function
of cycles are prepared to demonstrate stability duriadpéat cycling. Signs of any degradation
and formation of hot-spots are identified.

c) Mechanical — verification of the tensile holding stréngtthout slip at room temperature,
and that the connector is able to at least support the isgeciinimum rating. Electrical
connectors are commonly rated in the range 25-40% RpB&deng on the manufacturer.

d) High Voltage — standard corona tests are run torernlea hardware design is compatible at
the intended voltage of use

6.0 Qualification for Installation

Installations can lead to some of the highest stresseslaaonwill experience in service. A
combination of tension, bending and torsional stressespaieed during stringing. Also
compression forces and crush over conductor’'s suviaes clipping and installing accessories
are of major importance. Hence, specific tests are rdjtir make sure that the new conductor
can be safely installed without suffering any significd@mage that could affect its future
performance. And what is more important, without causimghazard to the personnel
involved in the complete installation process.

Users may have different installation methods and proesddepending on what they consider
appropriate for their particular assets. The procecandgecommendations included in IEEE
Std. 524 are widely followed all over the world by masgns. However, they may be adapted
or changed to consider special regions, environmentaitemm] conductor sizes or designs,
accuracy, safety requirements, etc. And, of coursaufaaturers’ recommendations during
installation have to be carefully followed, in order to actithe appropriate performance of
each specific design. Therefore, the particular chaiatits of every HTLS conductor, together
with the special installation and maintenance practices osuserv/contractors, should be
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taken into account when determining a set of tests to qulaéfgonductor and accessories.
Although there are significant differences among tle¢hwds, typically, the installation process
can be divided into three basic operations: preparatiom&llimg, stringing & sagging, and
clipping & terminating.

6.1 Sheave

The sheave test, section 4.9, is designed to showhinabnductor is robust for installation
over stringing sheaves (pulleys), where it has to confortimet®end radius of the sheave.
Indeed the conductor passes over multiple sheaves iittisspan installation so bending
fatigue and combined bending-tension loads are appB¢zhdards IEEE 1138 / IEC 61396
may be adapted as a test to show robustness to thisioperghe conductor is pulled to some
tension over a sheave (of suitable diameter), withflad®n angle of 30and fixed at both
ends. The sheave is then moved back and forthtbgeronductor a specified number of times
to simulate the conductor passing over the conductor. #iigrthe conductor is tested in
tension to measure the residual tensile strength, andeaagénspection of the constituents will
take place to look for signs of damage.

6.2 Preparation & Handling

The most common installation methods use machines, teg®and tools that minimize the
damage on the conductor, avoiding, for example draggamgoss any surface during
preparation, having a sufficient minimum reel diameteysimg rubber accessories to avoid
scratches, etc.

However, there may be cases for which standard magttaenot be used due to the
inaccessibility (remote or protected areas), or which stdrtdals and techniques are
inappropriate for the conductor due to the proximity of ireuits or any other reason. The use
of special handling procedures must be carefully studiedordination with the manufacturer.
How the conductor behaves against scratches, impactsasites may be necessary, so the set
of test required should include an assessment of thes/lmehr. Axial impact test and radial

crush test can provide this information. Special condul#eign may require other specific
tests to evaluate potential damages when handling.

6.3 Stringing and sagging

Stringing processes are probably the most critical worka@ved in the installation. When
carrying out these processes in a wrong way for eifspeonductor design, important damages
on the conductor may be caused, as well as hazariloasans in case of conductor failure.

The manufacturer will specify the minimum diameter of tmsitner bull-wheels and sheave
diameters. In the stringing procedure, the dead endn&tion and splicing method will be
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detailed; the use of anti-rotation/twist devices noted, the saggigdure employed noted
(tables, line of sight), the use of conductor grip duringitenng noted, dead-end procedures
detailed, and suspension and damper installation procedietesked. At the end a
comprehensive document emerges governing the full installatamtice.

Typically, bending of the conductors when passing thndhg travellers is one of the most
common reasons of failure. Also damages on the céodoan be important, like permanent
deformations or bearing. Therefore, sheave testsssential to verify the mechanical integrity
of the conductor when subjected to these installation stréssédy tension combined with
bending). The stringing methods according to both Hee'si practices and manufacturer’s
recommendations should be carefully studied (pullingdess angles, etc.) to check that the
test stresses are not exceeded, as well as the accéss$w@niasteristics (sheaves diameter,
groove radius and material, etc.).

Another important issue is torsional force during stringlbhgan cause important deformations
to the conductor. To evaluate the effect of the combinatie@nsion and torsional stresses on a
conductor, a twist test may be required. Again the mathod particular practices of each case
have to be studied to avoid damages, deformatiordgdgimg, etc. Different conductor designs
may need different test evaluations as the stringing methagisiot be equal (gap-type
conductors, composite core conductors, etc).

In many cases the use of HTLS conductor consistscohdrictoring an existing overhead line.
The methods to substitute the conductors are diversendigyg on the site, type of conductor,
bundling, etc. For example, the new conductor can bagtising the existing conductor as a
pilot line or other special methods can be used. In asg,@ll the accessories, like clamps,
anti-rotating devices, etc. may subject the conductoifferent stresses (compression,
torsion...) and should be considered.

Also, some sagging methods and practices may be harnthé tmnductor. All these practices
must be well known and understood, in order to maketeatehe conductor behaviour is
previously tested. Techniques like pre-stressing or strikiegonductor should be subjected to
manufacturer’'s recommendations to avoid damage on tiductor.

6.4 Clipping & Terminating

Conductor construction and material properties are bastbdovhole installation process.
Compression forces during clipping and accessori¢alliason may cause unexpected damages
on the conductor that may lead to failures, permanentrdat®mns, bird-caging, etc.

Therefore, these stresses must be previously simulatedaatrolled according to the
installation practices. Radial crush test, section 4.10,psritant to asses this conductor
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performance when subjected to axial compression in clangpetations. These tests should
reflect the technique used for the specific conductogdesi

7.0 Outdoor Testing

There are essentially two types of outdoor testing wbéchbe useful in the process of
qualifying and accepting new types of HTLS conductotesys. The two types of testing are
distinguished by the length of the installation, the voltageefitie, and the control of the
current through the conductor system:

e In anoutdoor laboratory test, the test installation usually consists of one to threesspa
the conductor system is not at high voltage, and themutirough the conductor is
easily controlled.

* In anoperating line test, the installation usually consists of no more than a lingse
(i.e. dead-end to dead-end) wherein the conductor idletstalipped and sagged by
line people rather than laboratory personnel, is operatie ull line voltage and the
current through the line is usually only indirectly cornable by requesting outages and
switching by operations personnel.

The objective of these two types of field testing is quitferent: (1) The “outdoor laboratory
test” span is useful in measuring the sag-tension anductordemperature (with conventional
thermocouples) under sustained high current conditiod$aturally varying weather
conditions; (2) The “operating line test” is useful inleating potential installation difficulties,
corrosion and corona issues under outdoor conditamtsin testing proposed installation
guidelines and maintenance rules.

For most transmission utilities, planning and performingapefating line test” is much easier
and simpler than an “outdoor laboratory test”. Inléteer case, a test area must be located,
structures installed, a relatively small amount of HTLS cotatubtained, thermocouples
installed, and a controllable high current power supptgiobd, installed, and tested. In most
cases, the utility may find it easier and cheaper to kawle outdoor testing done at a test
laboratory rather than on their own property.

If not planned thoughtfully, either type of outdoor tegtoan fail to yield the information that
the test was intended to produce. In particular, sineeatipg transmission lines seldom run at
high current levels except during system emergenanesparating line test is unlikely to result
in high conductor temperatures except for short unpiedales periods. Similarly, since an
outdoor laboratory test is still a laboratory test, it wilt yield useful information about
handling problems nor will it fully test proposed installatioogedures.

If field tests are undertaken, the project should be dargdfianned. Field test results may
already be available from the manufacturer or from atlers. As with laboratory test results,
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field testing should reflect the unique interests and neetlie afansmission owner. Project
goals should be both achievable and complementary tonexield and laboratory test results.

For example, the environmental conditions experiencedéiransmission owner may be
unique (e.g. severe ice loads, corrosive seasideoanvent) in comparison to previous field
tests or the previous tests may not have been sufficiertlftivought out. The transmission
line maintenance crews may want to explore the detailaradling and terminating the
conductor with their unique tools and procedures.

Alternatively, the typical transmission line candidate fobrettictoring may be at a higher
voltage, have lower phase to phase spacing, utilize heyleeyday tension, or be in more
mountainous terrain than other field tests of the same ctorduc

7.1 Defining Field Test Goals

A guiding principal should be to avoid duplicating laborat@sults. For example, loss of
tensile strength at high temperature, for HTLS condudrgst done in a laboratory setting.
The control of conductor temperature, the determinatfaomposite rated tensile strength,
before and after high temperature exposure, is maily/@ad accurately done in a laboratory
setting. The same is true of connector and terminatité t€n the other hand, precise
measurements of thermal elongation and sag at high tatapeare very difficult with the short
span lengths available in a laboratory.

When performing an “operating line test”, the condustauld be installed in typical terrain,
with span lengths and installed sags close to those plémmedmplete line installations. It
seems clear that the typical installation involves reconduagterline section, typical of the
most likely applications.

If a primary goal of the field test is to evaluate the coomsesistance of the HTLS conductor,
the time duration needs to be long enough to reachsamrahble conclusion about the rate of
deterioration in the environment. If the primary goathef field test is to verify the high
temperature sag behavior of the HTLS conductor, thébwdoor laboratory test”, where the
line current can be controlled, should be considered.

If the primary goal of the field test is simply to determiingt a full compression splice can be
installed by the owner’s crews using the recommended tbels,the question should be raised
as to whether this is not more easily done in an outdbord#ory test environment at much
lower cost.

7.2 Installation, measuring and monitoring of the conductor

An “operating line test” usually consists of three basozpsses — installation (includes
stringing, sagging, clipping, and terminating), periodgasurements made at the time of
construction and afterward (sag surveying, visual ingpgc and monitoring during the test
period (sag or tension monitoring at 10 minute intenials,current measurement, weather
monitoring).

The conductor should be installed in a manner typical dfrémsmission owner but consistent
with the manufacturer’'s recommendations. Compositermattenay require careful handling.
If the point is to make HTLS conductor fail from rough &ilamg, this is more easily and
cheaply done in a laboratory setting.
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Monitors should be evaluated prior to initiating the field téstparticular, vibration monitoring
devices are notoriously difficult to install and unreliabléeid test conditions. If the point of
the field test is to evaluate the vibration level of the HEb8ductor in its typical setting, there
is no use in installing the conductor unless the level of tibra&an be measured.

A common purpose for the “outdoor laboratory testingH®L.S conductor is to verify the sag
behavior of the conductor at high temperatures. In sash, the field test should involve the
installation of full line sections of the HTLS conducta@ag®r tension monitors, and rigid dead-
end structures. Short spans or test conductor areslyntik prove anything. Small movements
of dead-end structures can overshadow the reducedahelongation rate that is to be verified.

7.3 Data analysis

Data analysis should not be left to the end of either “out@diaratory tests” or “operating line
tests”. Preliminary analysis of field data should be undentas the field test progresses. This
allows the detection of malfunctioning instruments and thesadent of the experimental plan
to be sure that the study goals are met.

By far, the most difficult aspect of “outdoor laboratorytiteg’ involves producing and
controlling a line current that is high enough to raiseHfié&S conductor temperature to levels
near 200C. For a 400 mimconductor this requires a current of at least 1600 am§20®

MVA on a 110kV line). Since the conductor temperatige depends on the square of current,
a current of 800 amperes is unlikely to produce a cciodtiemperature of more than°g0

Even if the HTLS conductor temperature reaches tempesain the vicinity of 200, the
measurement of small changes in sag and tension usugpliyaga process of line calibration
during which the conductor temperature is related teégeand tension. Small structure
attachment point movements can overwhelm the relatively shraatiges in sag that are to be
verified.

7.4 End of Field Test Laboratory Evaluation, Testing, and Documentation

At the conclusion of field testing, certain destructive tesy be useful. These tests fall into
two categories — long sample and short sample tests. damngle tests require an intact sample
of conductor, typically at least 8 meters long, withldérggth relationship between the core and
outer layers preserved as much as possible. Shortestasfs involve a sample of 3 meters or
less where the conductor will be disassembled to allow itispeand testing of the inner layers
and core.

Examples of possible long sample tests include stress;stoemposite tensile strength, and
connector strength tests.

Examples of short sample tests include torsional andedasts on individual strands, visual
inspection of inner strand surfaces looking for evideridestting or corrosion, inspection of
strands at or near clamp points looking for evidence ajuati

Informative Annex A — Bibliography

This guide should be used in conjunction with the latest editid the following standards.
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