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Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien com
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co-

in addition to other activities, IEC publishes International Standards, Technical Specifications, Tethnical R
Pulllicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC )Publication(s)")
preparation is entrusted to technical committees; any IEC National Committee interested)in the subject de|
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with
Stapdardization (ISO) in accordance with conditions determined by agreement betWeen the two organiza
The formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an intern]

consensus of opinion on the relevant subjects since each technical commitiee has representation f
interested IEC National Committees.

IEQ Publications have the form of recommendations for international*'use and are accepted by IEC N

Co

Pullications is accurate, IEC cannot be held responsible far the way in which they are used or
misfnterpretation by any end user.

In

tranisparently to the maximum extent possible in their natignal and regional publications. Any divergence b
any| IEC Publication and the corresponding national or(regional publication shall be clearly indicated in th

IEQ itself does not provide any attestation of confermity. Independent certification bodies provide cor
asspssment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certificatiof bodies.

Al

No
me
oth

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

Attention is drawn to theé Normative references cited in this publication. Use of the referenced publica

ind

IEQ draws attention\to the possibility that the implementation of this document may involve the use
patént(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent r|

res
ma
the

shall not be held responsible for identifying any or all such patent rights.
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IEC TS 62818-2 has been prepared by IEC technical committee 7: Overhead Electrical
Conductors. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

7/753/DTS 7/755/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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A list of all parts in the IEC 62818 series, published under the general title Conductors for
overhead lines — Fiber reinforced composite core used as supporting member material, can be
found on the IEC website.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

e regonfirmed,
e wilhdrawn, or

e reyised.

IMPORTANT — The "colour inside" logo on the cover page of this document indiqates
thatjit contains colours which are considered to be useful forthe correct understanding
of its contents. Users should therefore print this document'using a colour printer
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INTRODUCTION

The first conductors using a composite core were installed in the early 2000s. Since then, they
have been increasingly used by utilities worldwide. As a result, there is a need for an IEC
publication to agree on tests methods to qualify these cores.

Because of the potential variety of products possible for this purpose, this document does not
set minima or maxima (usually provided by the manufacturer, but rather standardizes testing
methods to ascertain the numerical values of the basic properties needed by the purchaser to
choose the right supporting member material according to the properties of the overhead line
conductors. Future discussion items for review may include: performance level and acceptance
criterip, other ageing tests and criteria or other relevant tests.

In a fyture document, tests on the complete conductor which include the composité)core Will be
covered in detail (for example salt fog, corrosion test, mechanical tests, etc.).
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CONDUCTORS FOR OVERHEAD LINES - FIBER REINFORCED
COMPOSITE CORE USED AS SUPPORTING MEMBER MATERIAL -

Part 2: Metallic matrix composite cores

1 Scope

This

reinfofced composite cores used as supporting member material in conductors for(ov

lines

part of [EC 62818, which I1s a Technical Specification, establishes a system oel

which may be used as the basis for specifications. This document is applicable tq

fiber

rhead

fiber

reinfofced composite core, with a metallic matrix, used as supporting member."material in

conductors for overhead lines.

This qocument gives guidance on:

— defining the common terms used for fiber reinforced composite core's with a metallic n

- pr
re

Thesq tests, criteria and recommendations are intended to ensure a satisfactory use and ¢
under[normal operating and environmental conditions.

This document does not prescribe performance or compliance criteria which may be req

but in

2 N

pscribing or recommending acceptance or failure etiteria when applicable.

Hicative values could be given in Annexes for guidance.

lormative references

natrix,

bscribing common methods and recommendations to characterize the properties of fiber
nforced composite cores based on single or multi-wires, with MMC (Metallic Matrix
Cgmposite) used as a supporting member material in conductors,

uality

uired

The fqllowing documents are teferred to in the text in such a way that some or all of their cpntent

constitutes requirements af this document. For dated references, only the edition cited af
For yndated references;*the latest edition of the referenced document (including

amen
IEC6

IEC 6
Agein

IEC 6

iments) applies:

D068-2-11:2021, Environmental testing — Part 2-11: Tests — Test Ka: Salt mist

g.procedures and evaluation of test results

0468:1974, Method of measurement of resistivity of metallic materials

plies.
any

D216=1:2013, Electrical insulating materials — Thermal endurance properties — Rart 1:

IEC 63248:2022, Conductors for overhead lines — Coated or cladded metallic wire for concentric
lay stranded conductors

ISO 527-5:2021, Plastics: Determination of tensile properties — Part 5: Test conditions for
unidirectional fiber-reinforced plastic composites

ISO 11359-1:2023, Plastics — Thermomechanical analysis (TMA) — Part 1: General principles

ISO 11359-2:2021, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of
coefficient of linear thermal expansion and glass transition temperature
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ISO 14125:1998, Fiber-reinforced plastic composites — Determination of flexural properties

3 Terms and definitions

For th

e purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |S
3.1

metalflic matrix composite wire

MMC

D Online browsing platform: available at https://www.iso.org/obp

assembly of continuous fibers (such as aluminum oxide, silicon carbide, or ather ceramic fibers)

embe

3.2

compposite core

MMC
the fin

3.3

exterpal protective layer

outer
again

Note 1
to:

- eac
- the

Note 2
adapte

3.4
fiber
contin

Note 1

3.5
fiber
organ

jded longitudinally in a metal matrix (such as aluminium)

single or multi-wires including additional protection (metallic or non-metallic) if exis
al application

layer made of a metal or alloy applied ontexthe MMC for the purpose of proted
5t external aggressions (such as corrosion, oxidation, etc)
to entry: In case of a core based on an assembly of composite wires, this protective layer could be

h individual wire,
assembly of wires.

to entry: Individual wires could he protected with different materials. In this case, testing protocols §
i in relation to the specific material:

reinforced
uous fibers incorpaorated within a metallic matrix in order to increase its performan

to entry: It jstachieved through specific processes such as infiltration, casting, etc.

c©r inorganic bundle of filaments that is essentially continuous

ing in

ting it

ppplied

hall be

e

3.6
metal

matrix component of the MMC

Note 1

3.7

to entry: Many metals and alloys are possible, but aluminium is commonly used

porosity
measurement of the void fraction in the material over the total volume

Note 1

to entry: It results from a lack of matrix infiltration or from solidification shrinkage. It distinguishes itself from
composite crack or fracture by that it is a lack of matrix but not a matrix mechanical fracture.
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3.8

lot

group of production units of one type and size of wire, which was manufactured by the same
manufacturer during the same time period under similar conditions of production

Note 1 to entry: A lot may consist of part or all of a purchased quantity.

Note 2 to entry: If agreed between the purchaser and the manufacturer, for example for the Type tests, a Lot could
be composed of only one Production unit.

3.9
production unit

coil, reel, spool, or other package of individual composite core that represents a single usable
length

3.10
sample
specimen(s) removed from a production unit(s) which is considered te thave progerties
repregentative of a lot

3.1
specimen
lengtH of composite core removed for test purposes

3.12
equivilent diameter
diamdter of a circle which would have the same cross>sectional area as a given formed Wire

4 Symbols and abbreviation terms

CTE coefficient of thermal expansion\(°C1)
DC direct current (A)

F; flexural load at break (N)

F; tensile load at break(N)

RTS rated tensile strength (kN)

SEM scanning electron microscope

TMA thermo-mechanical analysis

Tc.core  Maximum continuous temperature (°C) of the composite core
Tp coke  Jmaximum peak-load temperature (°C) of the composite core

of flexural stress at break (MPa)

5 Requirements

5.1 Composite core manufacturing

Composite cores shall be produced according to the dimensional, mechanical and thermal
properties agreed between purchaser and manufacturer, respecting the acceptance values and
tolerances. These properties shall be uniform along the lot and every production unit shall be
free of internal and external imperfections (e.g. high porosity, unwanted inclusions, scratches,
notches, cracks). Each composite wire shall be produced with a single assembly of continuous
fibers; no fiber end-to-end joint is allowed, unless clearly agreed between both parties.
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5.2.1

Tests
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Composite core sampling and tests
General

on composite core are described in Clause 7 and shall be classified as:

a) Type test (T),
b) Sample test (S),
c) Routine test (R).

In order to ensure satisfactory quality of the core and to properly characterize its properties, a

list of&%ﬁmﬁ%ﬁ%ﬂ%%ﬁ%%%
sampling.

For a
the s3

Labor
manu
under

5.2.2

Type

protot]
matrix
qualif
of typ

5.2.3

Samp
perfor
compl

The s

5.2.4

more detailed characterization of the core, additional/optional tests are also propo
me table and described in Clause 8.

htories and scheduling of tests shall be previously agreed between the’purchaser a
acturer. Since ageing tests can be very long, the manufacturer!s [aboratory may b¢g
the supervision of an independent third party.

Type tests

ests are intended to establish design characteristics. Phey are normally made onc
ype and repeated only in case of a change of materials or design (for example fiber

a range of diameters to be agreed between the purchaser and manufacturer. The r|
b tests are recorded as evidence of compliance with design requirements.

Sample tests

med on samples taken from the produced drums of finished core in order to veri
iance with design specifications and type tests results.

ampling of the sample, tests is suggested in Table A.1.

Routine tests

Routine tests are«inténded to verify compliance and stability of core characteristics duri

produ

ction of allot. Sampling for Routine tests depends on the characteristics and mon

systems for each production process.

5.3

Composite core traceability and packaging

ested

sed in

nd the
used

P ON a
ypes,

types, fiber volume ratio, or shape). The type4ests performed for a given diametgr may

esults

e tests are intended to verify -the quality of materials and workmanship. Thgy are

ify the

g the
oring

In order to ensure composite core traceability, orders shall include at least the following
information:

a) lot identification number,

b) nu

mber of production units per lot,

c) core size (diameter in mm, if applicable number of wires, sizes of wires, lay length and
direction),

d) length of each type of core,

e) type and size of package and method of packing,

f) sp

ecial package marking,

g) test report with quantitative results (if required).
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The core shall be suitably protected against damage and deterioration which could occur in
ordinary handling, shipping and storage.

Package marking shall not be easily removable during ordinary handling.

The manufacturer shall have raw material traceability for production units and lots.

6 Composite core thermal performance

6.1 General

Compksite materials can experience a change in their composition and a deterioration-of their
mechanical performance after a long-term exposure to high temperatures. Thus, it is.necgssary
to experimentally assess their inner resistance to thermal degradation in order to’defigpe the
maxir:rum temperature to be respected for a safe use of the complete conductor during the
lifetime of the overhead line.

The mletal matrix composite core thermal performance is defined by the tWwo temperatures pelow:
a) Maximum continuous temperature of the composite core: 7¢ roRre

b) Tgmperature limit for use in peak load of the composite ¢coré'7Tp core

Thesq temperatures are intended to be measured at the external surface of the compositg core.

Tc.coRe @nd Tp core shall be determined from theexperimental result of the test descriped in
7.2.7 pnd if needed 7.2.9.

A lower T core

manufacturer.

and T, o,z Value may be utilized if agreed upon between purchasgr and

6.2 |Maximum continuous temperature of the composite core: T¢ core
This temperature is the maximuym continuous temperature at which the composite core dan be

exposled, without deterioration according to Appendix B, for a duration equal to its lifetim¢. The
intended life expectancysef‘the core is typically 40 or 50 years.

Once the reference.lifetime is defined, T¢ core shall be determined by an extrapolation |of the
exper|mental results of the thermal aging test, as described in 7.2.9.

6.3 |Temnperature limit for use in peak load of the composite core: Tp coRre

ite—cere—€an be

This temperature—is—the—maximumpealko
exposed, without deterioration according t
lifespan.

The duration of this maximum time of exposure at high temperature is typically 400 to 1 000
hours cumulative during the life expectancy of the core.

As this temperature is related to the final use of the conductor for which the core will be used,
a longer time can be specified by the purchaser, if needed.
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7 Tests for the composite core characterization

7.1 General

Subclauses 7.1 to 7.3 describe the test methods for the assessment of the composite core
properties at their initial state. The tests are separated into two groups. One group applies to
individual (single) wires, and a second group to multiple wires that are stranded into a multi-
wire core (typically a 7-, 19-, or 37-wire core). The tests are:
a) Single Wire

1) Appearance (7.2.1)

2)| Diameter (7.2.2)

3)[ Mass per unit length (7.2.3)

4)| Coefficient of thermal expansion (CTE) (7.2.4)

5)| Mechanical — Tensile Breaking Load (7.2.5)

6)| Mechanical — Flexural test (7.2.6)

7)| Isothermal aging (7.2.7)

8)| DC electrical resistivity (conductivity) (7.2.8)
9)[ Thermal aging degradation test (Arrhenius method) (7.2.9)
b) Stfanded Core (multi-wire)

—_

Appearance (7.3.1)

)
2)| Diameter (7.3.2)
3)| Lay ratio (lay length) (7.3.3)
4)| Lay direction (7.3.4)
5)[ Mass per unit length (7.3.5)
6)| Mechanical — Tensile breaking lead (7.3.6)
7)| Holding ability of external tape/(if present) (7.3.7)
8)| Coefficient of thermal expansion (CTE) (7.3.8)

7.2 |[Tests for single wire
7.21 Appearance (wijre)

The wire (including\any protective layer) shall be free from any defects (scratch, scrape, potch,
hole, [or crack)./not consistent with good commercial practice. This only covers dpfects
signifijcantly visible to the unaided eye (normal corrective lenses accepted). A represerjtative
photograph may be attached to the official test report at the request of the purchaser.

7 2 2 Diamaotor (Oairal
N T CteT—(wWitty

The diameter of the single wire (including any protective layer) shall be measured with a device
with an accuracy of at least 0,01 mm. Diameter(s) shall be expressed in millimeters to two
decimals places.

Diameter(s) shall be measured by one of the following methods:

a) a continuous/in-line process measurement (in-line measurement), performed using a 2-axis
or 3-axis caliper (laser or mechanical) with equal phase shifts in the same straight section.
In addition, a rotating head device may be used where the diameter is continuously scanned
during the rotation. The average value of the diameter should be reported.
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b)

c)

d)

a direct/manual measurement, performed using micrometers or callipers. The diameter shall
be measured at a single point, but with two readings taken 90° from each other. The average
value of the two readings shall represent the average diameter of the wire. If measurements
are taken during a continuous production run, at least 2 diameter measurements shall be
taken, one at the start and one at the end of the production unit. If samples are cut for the
purpose of a direct/manual diameter measurement, one sample should cut be cut from either
the start or end of the production unit, and the sample shall be at least 1 m long, and shall
be measured in the middle. Minimum, maximum and average values of diameter shall be
reported for each sample.

derive the cross-sectional area by Formula (1):

A:m/(lxp) (1)

where

A | is the cross-sectional area, expressed in square millimeters (mm32)t

is the mass, expressed in grams (g);

[ | is the total length, expressed in meters (mm);

p | is the density of a wire, expressed in grams per cubic niillimetre (g/mm3)
THen the equivalent diameter is computed by Formula (2)

d=[(4417) 2)

where

d | is the equivalent diameter, expressed in millimetres (mm)

is the cross-sectional area, expressed in square millimetres (mm?2)
THis method is referenced in IEC63248:2022, 7.4.2.3.

Cuyt a 1 m length of wire (aceuracy of + 0,1 % in length). Weigh the sample to determine the
mass. The weighing apparatus should have an accuracy of £0,1 %. Use the known wire
density (provided by .the manufacturer).

This method can/be/used for shaped or non-circular wires and the result reported jJas an
equivalent diameter.

use a metallggraphic method, in which the wire shall be cut, mounted for metallogfaphic
preparation,)and polished to verify the compliance of the shape of the cross section with the
ddsigned.shape. The measurements shall be performed with an optical or mechanical ¢evice
with@n-accuracy of 0,01 mm. The computation or template used for deriving the diimeter
shiould be provided.

The manufacturer shall provide a specification for the required wire diameter (d) and the
permitted tolerance (t).

7.2.3 Mass per unit length (wire)

Mass per unit length shall be tested using an apparatus capable of measuring the mass (m)
with an accuracy of 0,1 %.

The value of mass per unit length shall be taken on a minimum number of one (1). The length
(/) of each tested sample shall be at least 1 meter.

The report shall include the mean value of mass per unit length (in g/m).
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The manufacturer shall provide a specification for the required mass per unit length (m/l) and
the permitted tolerance.

7.2.4 Coefficient of thermal expansion (wire)

The coefficient of thermal expansion (CTE) of the core (including any external protective layer)
can be measured using the following procedure. The CTE of the stranded core may also be
measured (7.3.8), but it is suggested that only one of the measurements, the wire or the
stranded core needs to be measured. This may be decided by agreement between the
purchaser and manufacturer.

For apindividuat-wirethe(€FE)canmbemeasuredusing—Thermo=Mechanicat-Amatysis{ TMA)
in accprdance with ISO 11359-1:2023 and ISO 11359-2:2021. At least 2 samples (repeatgbility)
shall be randomly chosen and tested. The expansion shall be measured in the fiber, direction
(axial) between ambient temperature and 7p corg With @ slope of 3 °C/min. The repor{ shall

preseht the TMA curves with the measured values of CTE in °C-! and list the dverage|value
repregented by each curve. The maximum CTE of the obtained averages values, shall be the
final result.

Consifderation should be given to the accuracy and precision of the‘TMA method. It is critically
important that care is taken to ensure that the recorded temperature is that of the test sample
and npt of the enclosure, which can be a major source of errort

The manufacturer shall provide a specification for the{required CTE (a) and the permitted
tolerapce (t).

7.2.5 Mechanical properties — tensile breaking load (wire)

A tengile breaking load test shall be performéd, in accordance with 1ISO 527-5:2021, to gefine
the mechanical characteristic of a composite core wire. Only the breaking load value need be
measlyired and reported. For type testing only, the tensile elastic modulus shall also be
measyred, in accordance with ISO 527-5:2021, and the tensile modulus shall be calcplated
from the slope of the load-elongation-curve.

Clamping jaws and associated  fixtures for the end of the sample used in the tensile test shall
be cofrectly designed to transfer load without creating local stress concentrations, esp¢gcially
within[and at the end of the' clamping region. This may include such combinations as:

a) prleumatic grips with a very long gripping length (for example 30 cm),

b) wife adhesively'bonded into long steel tubes with a short length of the tube having nq wire,
where thehorter gripping jaws can apply high pressure,

c) bdltedgrips with a long gripping region (for example 20 to 30 cm) with the end of the polted
section~having no wire and a hole to receive a pin for attachment into the tensiIF test
equipment

A well-performing clamping jaw / end fixture assembly should produce a high proportion of
fractures within the wire gauge length and not at the end fixture.

The gripping jaws of the tensile test frame should be well aligned relative to each other (for
both translation and tilt), especially if shorter sample gauge lengths (less than 15 cm) are used.
Poor alignment can lead to frequent fracture at the exit of the gripping jaw due to stress
concentration, causing the measurement of artificially low loads.

It is suggested to use a minimum gauge length of 60 cm for standard size laboratory test frames;
thus, the cut sample needs to be longer to account for the gripping region. Longer gauge lengths
are permitted as some production test equipment is built to sample long lengths (for example
8 m).
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In sample tests, only one test per production wire is required, although other sampling rates are
permitted by agreement between the purchaser and manufacturer. In type testing, at least 5
samples of composite core wire shall be tested to have a reliable mean value.

If type-testing a finished stranded core or full-conductor, the individual core wires may be
removed from the sample and tested. Thus a 7-strand core would yield 7 tensile tests, or a
19-strand core would yield 19 tensile tests, etc.

A load shall be introduced into the sample by control of the test frame crosshead speed. A
strain rate of 0,02/min is recommended. This will typically load to failure in 30 to 60 s.

The bfeaking load of the sample, "F}", shall be reported.

If a fajlure occurs at the end fixture or within the gripping region, or slip occurs, thetr if dgsired,
the tgst may be repeated with a new sample. If the breaking load is aboveithe minimum
speciffication, then it may be acceptable to just use this value, knowing that thé’actual brgaking
load ip the absence of a stress concentration from the fixture could be higher.

All wifes shall have a tensile breaking load greater than the minimum-Specification provided by
the manufacturer.

7.2.6 Mechanical properties — flexural breaking load (wire)

The flexural properties of composite wires shall be measured in accordance with the géneral
set-up of ISO 14125:1998. The shape of test specimeén“shall be defined by the laboratory, in
agreement with purchaser and manufacturer, using-a 4-point bending device. If round wirgs are
produted, it is recommended to use the round wires in the test.

For type testing, five specimens shall be tested.

Typically for a metal matrix composite it\is suitable to just use the round as-manufactured wire,
but th|s will require the adjustment ef-the peak-stress formula to account for the round wijre.

Anothler consideration is to ensure the failure occurs in either tension or compression, bjut not
in shgar. The span-width to sample-thickness ratio controls this behaviour. Using a sppn-to-
thicknless ratio of 16 is«recommended, although values 12 to 32 are permitted and mfay be
needdd to avoid shear{failures. Note this requires a 4-point bend fixture (or additional fixtures)
wherg the span width.éan be changed to accommodate different wire diameters.

The report shall\describe the test design and include the flexural test curves with the |[mean
valueg of:

— fleixaral load Fy at break (in N),

— flexural stress at break o; (in MPa).

The stress shall be calculated using the diameter values obtained in 7.2.2.

Photographs of the composite wire fracture behaviour shall be attached to the report, showing
the type of fracture (tensile or compression).

The manufacturer shall provide a specification for the minimum flexural stress.

All wires shall have a breaking stress greater than the minimum specification provided by the
manufacturer.

A 4-point bending formula is provided, using a fixture that has an inner span 1/3 of the outer
span. This is a common choice, but sometimes there can be other configurations.
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is geometry, the governing equation for bending stress (¢ ) work is Formula (3):

M xc
o =
1

XX

M is the bending moment, expressed in Newton metres (N x m);

¢ is the distance from the neutral axis, expressed in metres (m);

I is

XX

Formu

whers
P
L

out

The tg

betwelen the inner and outer contact points. Note-if the inner span was % of the outer

length

Formu

the moment of inertia, expressed in kilogram metre squared (kg x m2).
la (4) describes the governing equation for bending moment (M)

M :£Lout :PLout
2 3 6

is the force, expressed in Newtons (N);
is the outer span length, expressed in metres (m):

rm L/3 results from the geometry (inner spaniis 1/3 of outer span) and is the span

, then the L/3 term would change to 3L/8)

la (5) expresses the distance from¢the neutral axis.

dwire

C=—

2

wherg
dyire | is the diameter of the wire, expressed in metres (m).
Formula (6) describes the governing equation for moment of Inertia (7).
4 4
7 - #éyirs
w4 64
where

r is the radius of a round wire, expressed in metres (m);

Thus,

the final formula for bending stress becomes Formula (7):

4
o= (PLout )(dwire j/ 7 dyire _ 16 P Lyt
6 2 64 37”"\113vire

®)

(4)

ength
span

©®)

(6)

7)
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All wires shall have a breaking bending stress greater than the minimum specification provided
by the manufacturer.

7.2.7 Isothermal aging (wire)

An isothermal aging test shall be performed at the maximum (peak) intended use temperature.
In this case, that would be at 7p corg. The duration of the test shall be chosen to reflect the

intended maximum time of exposure to this temperature.

Twenty (20) test samples shall be taken from the same length of wire, and each sample shall
have a length suitable for performing the subsequent tensile test in 7.2.5 and flexure test in
7.2.6.[Five (5) of the test samples will be tested according to 7.2.5 without any heat exppsure.
Five (p) more of the test samples will be tested according to 7.2.6 without any heat exppsure.
Ten (10) test samples shall be placed in an oven, set at a temperature of 7p corga0d held for
400 hpurs. A different aging time may be used on agreement between purchasef and
manufacturer (for example, 1 000 hours is another common time duration uséd’for the h|ghest
tempgrature rating).

Test procedures and equipment shall be compliant to IEC 60216-4, where tempefature
tolerahces and ventilation rates of air exchange of the natural air flow.te€sting ovens are ddfined.

Specimens shall be placed parallel to the bottom of the ovensand as close as possible [to the
thermpcouple, avoiding the contact with the internal oven walls. As natural stratification [of the
air inside the oven can introduce a significant vertical gradient in temperature,| it is
reconimended not to arrange the specimens of the same/set of samples on different shelves.

After completion of the 400-hour heating, the samples may be removed from the oveh and
allowgd to cool to room temperature. Once coolzfive (5) samples are tested according to|7.2.5,
and fiye (5) samples are tested according tox.2.6.

The ajerage breaking load for each caondition is calculated (no aging, high temperature aging,
tensile, flexure).

The type of fracture (tensile or:compression), that occurs in flexure should be noted with the
use of photographs.

7.2.8 DC electrical(resistance (wire)

DC elgctrical resistance shall be measured on individual MMC wires, according to the method
of IEQ 60468:19/4 (applying a 4-point method). The value of resistance shall be calculated as
the ayerage value of the measurements taken on at least one (1) sample. The length of each
testeq sample shall be at least 1 m. Optionally, the resistivity or conductivity may also be
calcullated and reported based on the diameter measured in 7.2.2.

The report shall include the mean value of resistance at 20 °C (Q/m), or the resistivity (in
Q mm2/m) or the conductivity (% IACS).

All wires shall meet or exceed the minimum conductivity specification or be less than the
maximum resistance or maximum resistivity specification, provided by the manufacturer.

7.2.9 Thermal Aging degradation test (Arrhenius method) (wire)

As the composite core wire is designed to be the mechanical support or reinforcement of an
overhead line conductor, it is required to maintain its strength during the whole lifetime of the
overhead line itself, normally 40 or 50 years. A test with such a duration is not possible, thus
only accelerated aging procedures are practical to demonstrate the durability of the core wire
for the requested lifetime at a certain temperature. This maximum temperature under
40-50 years of exposure is defined as 7¢ coRe-
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The procedure for the accelerated ageing test is based on the Arrhenius curves method
(IEC 60216-1:2013) and is summarized in Annex B. This involves aging core wires for various
lengths of time at a few different temperatures. At the end of the thermal aging, the samples
are tested for tensile breaking load as outlined in 7.2.5. At each combination of time and
temperature, a minimum of five (5) wire samples should be tested and the average breaking
load of each condition is computed and compared.

The result of this test is Thoy the extrapolated theoretical limit temperature for 40 years lifetime
(or Tsoy for 50 years lifetime).

Note

at for some metal matrix composite systems, there is very little to no reduction in strength

of the
these
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measurement, to measure the diameter of a circumscribed circle (Figure 1), and mg
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material at temperatures far above T¢ corg, €ven close to the melting temperaty

cases, wWhere there is so little strength change, and an Arrhenius analysis is not pos
ifficient to provide results of an isothermal aging test (as outlined in 7.2.7) ‘'which
re is stable at these much higher temperatures.

Tests for stranded core (multi-wire core)
Appearance (stranded core)

franded core shall be free from any defects (scratch, scrape, notch, hole, or crac
tent with good commercial practice. This only covers defects significantly visible
bd eye (normal corrective lenses accepted). A representative photograph may be att
official test report at the request of the purchaser.

Diameter (stranded core)

tontinuous/in-line process measurement (in-line measurement), performed using a
3-axis caliper (laser or mechanical) with equal phase shifts in the same straight se
50, a rotating head device may be used where the diameter is continuously scanned
b rotation. The average value of the diameter should be reported.

read in 0,01 mm. dke diameter shall be measured at a single point, but with a mirn
two readings taken 90° from each other. The average value of the two readings
bresent the average diameter of the wire, rounded to two decimals of a millimetre
s measurement will have a low repeatability (high variability) given the high and low
bund a _multi-wire core. It is preferred, if possible, when using the direct/m

least three directions within the same cross section.

re. In

sible,
Ehows

K) not
to the
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ter(s) shall be measured by one of the following methods and shall be measured miidway

bn the
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ction.
juring

irect/manual measurement, performed using calipers. This caliper shall be graduated to
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s 2 ' Diameter A

Incorrect
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Figure 1 — Measurement of multi-wire core diameter
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The use of a micrometer/caliper with long platens/faces (e.g. a minimum of 7,5 cm long),
can easily capture the largest diameter and so is ideal for measuring the true circumscribed
circle. In this case, two readings taken 90° from each other would be sufficient.

c) adirect/manual measurement using a diameter tape (pi-tape). The tape shall be capable of
reading to 0,01 mm.

If diameter is measured on a sample cut from a reel, then a direct/manual diameter
measurement shall be used, and the sample shall be at least 1 m long. Prior to cutting, the
ends shall be secured (for example by using tape or clamps), to prevent unwinding of the
core. The measurement using calipers should then be taken at the center of the cut sample.

The manufacturer shall provide a specification for the required stranded core diameter (D) and

the pe

7.3.3

The g
length

Use a
tape t

rmitted tolerance ().

Lay ratio (Lay Length) (stranded core)

y ratio of each layer of the core shall be obtained through the ratio of thé ‘measur
to the external diameter of the applicable layer.

tape measure or ruler to obtain the lay length of the wires in each’layer, and calip|
b obtain the external layer diameter.

The manufacturer shall provide a specification for the permitted ranges of lay ratio for

layer.

7.3.4

The d
The n

7.3.5

Mass

The v
length

Lay direction

rection of lay for each layer of the core shall be noted.
anufacturer shall provide a specification for the permitted lay directions for each I3

Mass per unit length (stranded core)

per unit length shall be measured using an apparatus with an accuracy of +0,1 %.

bd lay

ers or

each

yer.

blue of mass per unit length shall be taken on a minimum number of one (1) sampl¢. The

of each tested sample shall be at least 1 meter.

The report shall includé the mean value of mass per unit length in g/m.

The n
the pe

7.3.6

anufacturéer shall provide a specification for the required mass per unit length (M/l
rmittedstolerance (T).

Mechanical properties — tensile breaking load (stranded core)

L) and

The sample shall use resin cone terminations to act as end fittings.

The sample length, between end terminations, shall be at least 100 times the stranded core
diameter. A shorter length may be agreed between the purchaser and manufacturer.

The breaking strength of the core shall be determined by pulling a core in a suitable tensile
testing machine having an accuracy of at least + 2 %. The rate of increase of load shall be 30 %

RTS/

min.
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The breaking load of the core shall be determined by the maximum load attained. The test shall
be considered satisfactory if 95 % of the rated load is achieved before final fracture. If fracture
occurs within 15 cm of the end terminations before 95 % of the rated breaking load has been
reached, the fracture shall be deemed to have been caused by the end termination and a retest
is permitted if desired.

The manufacturer shall provide a specification for the minimum breaking load of the stranded
core. It is required that the measured breaking load be = 95 % of the specified minimum
breaking load.

7.3.7 Holding ability of retaining means (tape)

If the stranded core uses a retaining means (for example a tape) to keep the wires in a-stranded
configuration, then the retaining means should be evaluated as follows.

Cut a|l m length of stranded core. By hand, remove the retaining means over@.length of [0 cm
from ¢ne end. Typically, the wires in the region where the retaining means, has been removed
will epand and straighten due to the elastic behaviour of the wires.

Inspe¢t the next 10 cm of the core that has the retaining means arotind'it. The retaining means
shouldl remain tightly bound to the core and not permit the core to €xpand. If the retaining means
loses fthe ability to hold, the retaining means will slip, and the cere will expand and straighten.

Photographs shall be taken to document the transition région where the retaining means has
been femoved.

The retaining means should hold the stranding configuration of the core in the region 10 cm
from the point where the retaining means has been removed.

7.3.8 Coefficient of thermal expansion*(stranded core)
7.3.8.(1 General

The QTE of the individual wire may-also be measured (7.2.4), but it is suggested that on|y one
of themeasurements, the wire-orthe stranded core needs to be measured. This may be dgcided
by agfeement between the purchaser and the manufacturer.

The cpefficient of thermal expansion (CTE) of the stranded core may be measured using the
proceflure in 7.3.8.2 and 7.3.8.3. The stranded core is held under constant tension, and Heat is
appligd to the conductor and the extension of the core is measured as a function of temperature.

7.3.8.p Sample preparation

The cpr&.can be heated by using a heating tape directly over the core or over an aluminium
tube covering the core, an oven, or over aluminium wires (from a conductor sample) where the
aluminium strands are peeled back exposing the core at both ends but keeping the aluminium
strands over the core in the heated section. Multiple heating tape sections may be used to
create a more uniform temperature profile. In samples that are electrically conductive, electric
current may be passed through the core, to heat the sample.

The heated section shall be a reasonable length, such as 10 m (this can be adjusted to fit the
test frame as needed), and to ensure adequate accuracy on elongation measurements.

a) Install end fixtures onto the core and install the sample into the test frame.

b) Install extensometers on the core at the ends of the heated section.

c) Install a minimum of 3 thermocouples in the heated section (one at each end and one at the
middle). The thermocouples shall be touching the core (in case of conductor, thermocouples
shall be wedged between the strands as close as possible to the core).
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7.3.8.

3 Procedure

The sequence of the test shall incorporate the following steps.

a) Tension the test sample to 20 % RTS of the core to keep the core sample straight and flat.
Maintain constant tension during the test. Constant tension is critically important as small
tension changes can have the same effect as large temperature changes. Figure 2 shows
the test configuration.

b) Take the first extensometer measurement point at ambient temperature.

c) Raise the sample temperature by equal intervals using 8 to 10 steps between room
temperature and 7p coRre-

d) After reaching the steady state condition for 10 minutes at each target temperature
(tgmperature tolerance to be + 2 % with a minimum of £+ 2 °C) the core extension and
temperature shall be recorded.

e) Ingrease the temperature further and repeat the previous steps until the target tempefature
of|Tp core is reached.

f) Determine the linear coefficient of thermal elongation by linear regtession analysis pf the
experimental data. The report shall include the measured values ©f,CTE in °C-1.

L Test length -~
Core r 7‘
\ Thermocouple Thermocouple T=20bs RTS

—E::X < o . -

Heating section f
(heat tape, conductor, Extension Core hold|ng
metalic tube) measuring device machanislm
IEC
Figure'2 — CTE test setup

8 Optional tests for the stranded composite core characterization

8.1 [Twisting test

A twigting test is performed to simulate torsion forces and behaviours that could take|place

during conductor handling and installation activities.

The tgst shalllbe performed on the stranded composite core (with the external protective|layer,

if applicable), using a specific torsion apparatus, in accordance with Figure 3. This test device

shall gomprise a clamping device (1), the composite core (2), an optional stabilizer if necgssary

(3), and g tensile load he torsion is performed in a direction perpendicular to the tension
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Figure 3 — lllustration of the twisting test

A sufficient mechanical load shall be applied during the complete durationcof."the tgest to
straighten the core. The tension shall be noted.

The spmple length shall be agreed by the purchaser and manufacturerqin/accordance with the
core working conditions and it shall be tested accordingly to the following steps:
a) turn the sample left (counter-clockwise) at 360° per sample length,

b) kefep the torsion for 1 min, then turn back to original positiohy

c) turn the sample right (clockwise) at 360° per sample length,

d) ke]ep the torsion for 1 min, then turn back to original position.
h

After fhe twisting cycles, samples shall be subjected.to a visual inspection (7.3.1), and a tensile
break|ng load test (7.3.6).

If a shorter sample length is chosen, a differént twist ratio shall be used to complete the test
(e.g. if the sample length being tested is half the core specification, then the core can be tyisted
to jus{ 180° in both directions instead):

8.2 |Crushing test

A crushing test is used to verify the ability of a loaded core to withstand radial comprégssive
forceq acting perpendicular.to the core direction. This stress could take place during strapding,
manufacturing, handling)installation, or during maintenance activities.

The t¢st shall be‘performed using a suitable tension-compression machine. The test sHall be
performed betwegeh two steel plates in contact with the sample, with a 100 mm length, and the
edgegq shall be-rounded to a 5 mm radius. The test sample should be at least 300 mm lorlg and
positipned so that at least 100 mm of unsupported sample is present on either side of thq steel
plateq.-A{schematic of a test configuration is shown in Figure 4.
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Figure 4 — Schematic of the crushing test

acturer. When the target load is reached, it is maintained for 1 minute. The load i
ed, and the compressed sample is analyzed.

5t 2 samples shall be tested.

the crush test, samples shall be separated-into individual wires and subject to
ttion (7.2.1), and breaking load of the individual wires (7.2.5).

es in the characteristics of the wires from the crushed sample shall be compare
e that was not crushed.

Salt fog test

able) should be perfermed in accordance with IEC 60068-2-11:2021. The test dura
(28 days) with aptintermediate point at 336 h.

he aging phase, the wires from the stranded core shall be separated and the wires

be washed, dried-and subjected to visual inspection (7.2.1), and tensile breaking load (7

Chan

es in the characteristics of the aged samples shall be compared to unaged samplg

ange of compressive loads in kN and the compression speed shall be defined by the

5 then

visual

H to a

hlt fog corrosion test of\the stranded composite core (and the external protective layer if

ion is

shall
2.5).

8.4

Fiber volume ratio

The fiber volume ratio of individual wires can be calculated by using Formula (8) and Formula

(9).

Formula (8) is for a single circular wire:

A Wl
fiber volume ratio = i f2 Pr
w I’W XTI

(8)
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where:

Af is the area of fiber, expressed in square meters (m2)

4,, is the area of wire, expressed in square meters (m2)

Wf is the fiber weight per unit length, expressed in kilograms per meter (kg/m) (provided by
the manufacturer)

pr is the density of the fiber, expressed in kilograms per meter (kg/m) (provided by the

manufacturer)
7 o tha radiiic Af tha wwira Avnracond 1h mnatare (ma)
Y s-theradivs-of-the-wire—expressed reters—{r)-
Formyla (9):
fiber volume ratio = 2 —£m 9)
pf ~ Pm
wherg:

pr s the density of the fiber, expressed in kilograms per“cubic meter (kg/m3) (provided by
the manufacturer)

P [is the density of the wire, expressed in kilogramg per cubic meter (kg/m3)

P, lis the density of the matrix, expressed in kilograms per cubic meter (kg/m3) (provided by
the manufacturer)

8.5 |Porosity

The pprosity and fiber matrix integrity.can be measured using a micrographic observation of a
polished metallographic sample, coupled with a computer-assisted image analyzer.

At legst 3 samples of compasite wire shall be tested. The wire shall be cut and polished to
clearly observe the cross-section. The porosity measurement shall be performed |using
binarigation within imagetanalysis software to differentiate the porosity from the matrix ang from
the figer. Porosity shall\be measured on pictures taken at a total magnification ranging from x40
to x1]000 with a qpreferred value dependent of the size of the porosity. Either an gptical
microscope or an,SEM technique can be used. Five representative regions should be analyzed.

The r¢port-Shall contain a global picture of the composite core cross section at a magnifigation
ranging Afrom x10 to x40 with a preferred value of x10 to illustrate the core global conditijon. In
additipny.porosity values (in area %) measured from the pictures at magnification ranging from
x40 to x100 with a preferred value of x100 shall be provided. A mean value could be added to
give a representative value of the core cross-section.

An alternative method using theoretical values of fiber volume ratio and densities can be used.

NOTE The described methods are not sensitive enough to reliably calculate porosity contents below 1 %.

Note that for metal matrix composites, porosity has very little effect on mechanical and aging
properties. Performing mechanical and aging tests shall be enough to determine the level of
performance of the composite core.

8.6 Bending test

This test is designed to validate the choice of internal diameter of a storage reel used for
packaging of the stranded core.
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Of concern is that no damage accumulates due to bending of the core around the reel diameter.
When a composite wire undergoes bending, there are two different stresses created. Firstly,
there is a tensile stress on the outer side of the bend radius (imagine the fibers need to stretch
to sustain the bend). Secondly, there is a compressive stress on the inner side of the bend
radius (imagine the fibers must shrink to sustain the bend).

For metal-matrix composites, the compressive breaking stress of the material is typically the
same or greater than the tensile breaking stress. Therefore, the failure mode in bending is by
a tensile failure of the outer side of the bend radius. Since the tensile properties are easily
measured via simple tensile tests, the limits of bending can be reliably established from tensile
test data.

Some| materials, most notably many polymer-matrix composite systems, have a compr«Lssive
break|ng stress of the material lower than the tensile breaking stress. In this casé during
bendipg, the fibers can locally buckle on the compressive side in a process known as micro-
buckling creating a feature known as kink-bands. Thus, damage can accumulate in the
comptession side. When the kink-band feature is then placed into tensionstraighteneld and
loaded), then the subsequent ability to carry tensile load can be reduced:

Thus,[for the metal-matrix composite, a simple tensile test is sufficient-to validate the chqice of
reel djameter to store the core. If a bending test is desired, then-the following procedurg may
be followed.

The specimen of stranded composite core (with external protective layer, if present) shall be
wrapped around a cylindrical mandrel for 180°, as shown in Figure 5 and a mechanicql load
shall be applied for 5 minutes. The device shall comprise a mandrel and a device to apply a
mechanical load following the two arrows.

IEC

Figure 5 — lllustration of the mandrel test

The minimum mandrel diameter and applied load shall be agreed by the purchaser and
manufacturer in accordance with the core size and packaging options. A testing load
corresponding to 7,5 % RTS of the core is suggested. After the load hold, the specimen shall
be tensile tested according to 7.3.6.

NOTE 7,5 % of RTS is a representative tension that can be seen during stringing, it is low enough to have a
representative compression load during bending. It is also to ensure that the core will be in contact with the mandrel
during the bending test.
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Annex A
(normative)

Testing table

All the tests described in the previous clauses are listed in Table A.1. For each test, type tests
(T), sample tests (S) and routine tests (R) are specified.

Table A.1 — Tests on composite core

Applicable
Tests L Samphng Tate for Stests

tests

Item Description

Individual wire tests

7.2. Appearance T,S,R 10 % of drums, min. .2 per lot
7.2.3 Diameter T,S,R 10 % of drums,\niin. 2 per lot
7.2. Mass per unit length

7.2.4 Coefficient of thermal expansion?

—
AP A |4|o| 4|40 |»
Py

7.2.9 Mechanical — tensile breaking load 10 % of drums, min. 2 per lot
7.2.4 Mechanical — flexural breaking load

7.2.1 Isothermal ageing

7.2. DC electrical resistivity (conductivity) TsSR 10 % of drums, min. 2 per lot
7.2. Thermal aging degradation test

Stranded core (multi-wire)

7.3. Appearance T,S,R 10 % of drums, min. 2 per lot
7.3.4 Diameter T,S,R 10 % of drums, min. 2 per lot
7.3. Lay ratio (lay length) T,S,R 10 % of drums, min. 2 per lot
7.3.4 Lay direction T,S,R 10 % of drums, min. 2 per lot
7.3.9 Mass per unit length T,S,R 10 % of drums, min. 2 per lot
7.3.4 Mechanical properties £ tensile breaking load T
7.3.1 Holding ability of tape T
7.3.8* Coefficient of thermal expansion 2 T

OPTIONALL.TESTS (Stranded core)

8.1 Twisting test T
8.2 Crushing test T
8.3 Salt fog test T
8.4 Fiber volume ratio T
8.5 Porosity T
8.6 Bending test T

2 Only one of the coefficient of thermal expansion tests is required, for either wire (7.2.4) or stranded core
(7.3.8).

If not separately specified in the paragraph where the test is described (mean value from several
measurements), the number of samples for each type test is one (1).

The sampling rate for each sample test is specified in the last column of Table A.1, expressed
as the percentage of drums to be chosen from the production lot to be tested, with a minimum
of two drums and one test sample per drum.
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