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IEC TS 62818-1 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

7/752/DTS 7/754/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 variety of products used 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 lines conductors.
Future discussion items for review may include performance level and acceptance criteria, 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, thermal\tests, flexural
under|tension, etc.).
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CONDUCTORS FOR OVERHEAD LINES - FIBER REINFORCED
COMPOSITE CORE USED AS SUPPORTING MEMBER MATERIAL -

Part 1: Polymeric matrix composite cores

1 Scope

This part of [EC 62818, which is a Technical Specification, establishes a system O(L fiber
reinfofced composite core used as supporting member material in conductors for overhead lines
which| may be used as the basis for specifications. This document is applicable tq fiber
reinfofced composite core, with polymeric matrix, used as supporting member.Ymaterial in
conductors for overhead lines.

This document gives guidance on:

— defining the common terms used for fiber reinforced composite.€ore with polymeric matrix,

- pr
re

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

This gocument does not apply to complianee criteria which may be required but indi

value

2 Normative references

pscribing or recommending acceptance or failure etiteria when applicable.

5 could be given in Annexes for guidance.

bscribing common methods and recommendations to characterize the properties of fiber
nforced composite core based on single or multi-wjres/with PMC (Polymeric Matrix
Cgmposite) used as supporting member material in conductors,

uality

cative

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

const

For yndated references;*the latest edition of the referenced document (including

amen

IEC 6

IEC 6

IEC 6

itutes requirements of this document. For dated references, only the edition cited af

iments) applies:

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

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

plies.
any

D216=1:2013, Electrical insulating materials — Thermal endurance properties — Rart 1:
Ageing procedures and evaluation of test results

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

ISO 4892-2:2013, Plastics: Methods of exposure to laboratory light sources — Part 2: Xenon-

arc la

mps

ISO 11358-1:2022, Plastics — Thermogravimetry (TG) of polymers — Part 1: General principles
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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 |SO Online browsing platform: available at https://www.iso.org/obp

3.1

polynfermratrix composite

PMC

assembly of continuous fibers (such as carbon or glass fibers) embedded longitudinally in a
polymler matrix (such as epoxy resin)

3.2

compposite core

PMC gingle or multi-wires, including additional protection (metallic or nen<metallic), if existing
in thelfinal application

3.3

external protective layer

outer Jayer made of metallic or non-metallic material applied\onto the PMC for the purppse of
protegting it against external aggressions (such as corrgsion, oxidation, etc.) and also pcting
as a grotection against galvanic corrosion, if any

Note 1 [to entry: In case of a core based on an assembly of cemposite wires, this protective layer could be ppplied
to:

- each individual wire,

- thelassembly of wires.

Note 2 to entry: Individual wires could be protected with different materials. In this case, testing protocols ghall be
adaptedl in relation to the specific material.

3.4

fiber feinforcement

incorgoration of continuous fibers within a polymeric matrix in order to increase its performance

Note 1

3.5
fiber
organ

3.6
resin

to entry: It is achieved.through specific processes such as winding, moulding or pultrusion.

¢ or inorganic bundle of filaments that is essentially continuous

matriy eemponent of PMC

Note 1

3.7

to entry: There are two types of resin, namely thermosetting resin and thermoplastic resin.

thermoplastic resin
type of resin made of long polymer chains with weak bonding between them, which, when the

resin

Note 1

3.8

is heated, break in a reversible way and make the material shapeable

to entry: This is classified into two types by array of polymer chain. One is semi-crystalline resin and the
other is amorphous resin.

thermosetting resin
type of resin made of a network of cross linked polymer chains

Note 1

to entry: The network is created by heating monomers which polymerized under high temperature.
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3.9
porosity
measurement of the void fraction in the material over the total volume

Note 1 to entry: It results from a lack of matrix impregnation or from matrix degradation. It distinguishes itself from
composite crack or fracture by that it's a lack of matrix or matrix deficiency but not a matrix mechanical fracture.

3.10
glass transition temperature

Ty

temperature where the PMC properties transition from a hard, glassy state to a rubbery state

Note 1 [to entry: Ty of PMC is related to Ty of the polymer matrix but it can be different, depending\on each
technollogy and specific product design.

3.11
glass|transition temperature onset
T,

g,onget
tempgrature corresponding to the onset of the transition from the glassy state as defined py the
intercept of the two tangent of the storage (E') modulus curve (see Annex C)

3.12
glass|transition temperature loss modulus
T,

g,LogsModulus
tempgrature corresponding to the peak (maximum) in thedoss (E") modulus curve (see Annex C)

3.13
thermolysis temperature

Tonse thermolysis

tempgrature corresponding to the start of the~polymeric matrix thermolysis, an irrevdrsible
reactipn that breaks structures of resin (e.g.main chain, cross-link, etc.) and affects the lifetime
of PMC

3.14
lot

group| of production units of pne type and size of wire, which was manufactured by the|same
manufacturer during the same’ time period under similar conditions of production. A lot may
consigt of part or all of a.purchased quantity

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

Note 2 o entry: If agreed between the manufacturer and the purchaser, for example for the Type tests, a Lgt could
be composed by only 6ne Production unit.

3.15
prodyctionjunit
coil, reeli/spool or other package of individual composite core that represents a single ysable
length

3.16

sample

specimen(s) removed from a production unit(s) which is considered to have properties
representative of a lot

3.17
specimen
length of composite core removed for test purposes

3.18
equivalent diameter
diameter of a circle which would have the same cross-sectional area as a given formed wire
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4 Symbols and abbreviated terms

CTE
DC

coefficient of thermal expansion (°C-1)
direct current (A)

dynamic mechanical analysis

tensile modulus (GPa)

compressive load at break (N)

tensile load at break (N)

5 R

5.1

Comp
prope
tolera
free o
holes
fibers
splicir
splicir

5.2

5.2.1

Tests

compraccoiva ctiffnacc (I N
SO pPTreoSTvV e SO

...... fhe=tt N
rated tensile strength (kN)
scanning electron microscope
thermo-gravimetric analysis
thermo-mechanical analysis
g Maximum continuous temperature (°C) of the composite core
CE Maximum peak-load temperature (°C) of the composite core
compressive strain at break (%)
elongation at break (%)

tensile stress at break (MPa)

equirements

Composite core manufacturing

osite core shall be produced according to the dimensional, mechanical and th
Fties agreed between purchaserand manufacturer, respecting the acceptance valug
hces. These properties shall be uniform along the lot and every production unit sh
f internal or external imperfections (e.g. high porosity, inclusions, scratches, scrape,
cracks). Each composite wire shall be produced with a single assembly of conti

ermal
s and
all be
notch,
huous

no fiber end-to-end,joint is allowed, unless clearly agreed between both parts. The fiber

g is accepted in the‘protective layer. The purchaser may be informed upon reque
g was used forprotective layer.

Composite_core sampling and tests

General

5t that

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

— Type test (T),
— Sample test (S),
— Routine test (R).

In order to ensure a satisfactory quality of the core and to properly characterize its properties,
a list of type tests, sample tests and routine tests is provided in Table A.1, with a suggested

sampl

ing.

For a more detailed characterization of the core, additional/optional tests are also proposed in

Table

A.1 and described in Clause 8.
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Laboratories and scheduling of tests shall be previously agreed between the purchaser and
manufacturer. The ageing test being very long, a manufacturer's laboratory may be used under
the supervision of an independent third party.

5.2.2 Type tests

Type tests are intended to establish design characteristics. They are normally made once on a
prototype and repeated only in case of a change of materials or design (for example, fiber type,
matrix type, fiber volume ratio, ratio of carbon fiber composite to galvanic layer or shape). The
type tests performed for a given diameter may qualify a range of diameters to be agreed
between the purchaser and manufacturer. The results of type tests are recorded as evidence
of compliance with dpeign requirements

5.2.3 Sample tests

Sample tests are intended to verify the quality of materials and workmanship. Thgy are
perforimed on samples taken from the produced drums of finished core in order to verify the
compliance with design specifications and type tests results.

The spmpling of the sample tests is suggested in Table A.1.

5.2.4 Routine tests

Routine tests are intended to verify compliance and stabijlity)of core characteristics during the
produption of a lot. Sampling for routine tests depends-on the characteristics and monitoring
system of each production process.

5.3 |[Composite core traceability and packaging

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

a) lof identification number;

b) number of production units per.lot;

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

d) lemgth of each type.oficore;

e) type and size of package and method of packing;
f) special package marking;

g) test report with quantitative results (if required).

The cpre 'shall be suitably protected against damage and deterioration which could occur in
ordingry.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

Composite 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 necessary
to experimentally assess their inner resistance to thermal degradation in order to define the
maximum temperatures to be respected for a safe use of the complete conductor during the
lifetime of the overhead line.
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The composite core thermal performance is defined by the two temperatures below:

a) Maximum continuous temperature of the composite core: 7¢ corg

b) Temperature limit for use in peak load of the composite core: Tp corg

These temperatures are intended as measured at the external surface of the composite core.

Tc.core @and Tp core shall be determined from the experimental result of the test described in

7.12.

A |0W I TC CORE alld TP CORE VG:UC nray bc ut;:;LUd If aylccd UupuTi IL.AJCtVVCCII puu,hae
manufacturer.

6.2 |Maximum continuous temperature of the composite core: T¢ core

This t

bmperature is the maximum continuous temperature at which the composite core ¢

exposled, with deterioration acceptable in accordance with Annex B, for a duration equ

defini

6.3

This t

ion) to its lifetime. The intended life expectancy of the core is typically 40 or 50 ye

Temperature limit for use in peak load of the composite core: Tp core

emperature is the maximum peak load temperature at\which the composite core g

expo
time

The
cumu

As thi
a long

7 T

7.1

All the
be frg
naked

(they)
ofan

7.2

ed, with deterioration acceptable in accordance with-Annex B, for a maximum cumd
uring its lifespan.

uration of this maximum time of exposuretat-high temperature is typically 400 to|
ative hours during the life expectancy of the core.

5 temperature is related to the final.use of the conductor for which the core will be
er time can be specified by the purchaser, if needed.

psts for the composite core characterization

Appearance

elements compasing the core (composite wire(s), external protective layer(s), etc.
e from any defect (ex: scratch, scrape notch hole, crack) significantly visible wi
eye, normakor corrected. When removable external protective layer(s) is(are) pres
shall be~removed to allow the inspection of composite wire(s). A representative ¢
brmal.surface may be attached to official test report under purchaser request.

Diameter

r and

an be

lal (by

Ar'S.

an be
lative

1000

used,

shall
th the
ent, it
icture

7.2.1

Diameter measurement for single wire composite core

The diameter of the single wire (with the external 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 decimal places.

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

a) a continuous/online process measurement (online measurement), performed using a 2- or
3-axis caliper (laser or mechanical) with equal phase shifts in the same straight section.

Mi

nimum, maximum and average values shall be reported.
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b) a direct/manual measurement, performed measuring the diameter on the cross-section of a
cut sample in at least two directions, equally phase shifted. In this case, at least 2 samples
shall be taken and tested from each length: one at the start and one at the end of the
production unit. Each 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.

The manufacturer shall provide a specification for the required wire diameter and the permitted
tolerance.

7.2.2 Diameter measurement for multi-wires composite core

Core diameter shall be measured by one of the following methods:

a) a ¢continuous/online process measurement (online measurement), performed usihg'qd 2- or
3-pxis caliper (laser or mechanical) with equal phase shifts in the same straight sgction.
Minimum, maximum, and average values need to be reported.

b) a direct/manual measurement, performed measuring the diameter of a citcumscribed|circle
(s¢e Figure 1), and at least three directions within the same cross sectiomshall be medsured
(wfth the external protective layer). At least 2 samples shall be taken-and tested fron| each
lepgth: one at the start and one at the end of the production unitCAll the above-mentioned
dimensions of the complete core shall be verified on 1 sample atleast 1 mlong in the njiddle.
Minimum, maximum and average values of diameter shall belreported for each sample.

e - / \
s !2: | 5 | l Diameter A

Correct

Incorrect

IEC
Figure — Measurement of multi-wire core diameter

For non-circular wires-(formed wires):

a) the¢ wire shall be cut at 90° and polished in order to verify the compliance of the shape of
the cross\section with the designed shape. The measures shall be performed with a device
(optical method system) with an accuracy of at least 0,01 mm,

b) for ‘information, the section of the wire can be measured and the equivalent digmeter
calculated as the diameter of a round wire with the same cross-sectional area of the given
formed wire.

In a multi-wire composite core, the diameter of each individual wire shall be measured as in
7.2.1 for type testing only. For cores with overall protective layer it is allowed to perform the
Sample Test on samples of the stranded core picked before the application of the layer

The manufacturer shall provide a specification for the required stranded core diameter and the
permitted tolerance. Table 1 defines the different diameter measurements for single and multi-
wire cores.
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Table 1 — Testing table for core diameter measurement by core type
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7.3 Lay length measurement for multi-wires composite core

The lay length of every layer of multi-wires composite core shall be measured and lay ratio
calculated. The lay ratio of each layer shall be obtained through the ratio of the measured lay
length to the external diameter of layer itself (7.2.2).
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The manufacturer shall provide a specification for the required lay length for each respective
layer as it applies.

7.4

Protective layer thickness

The protection layer thickness shall be expressed in millimeters to two decimal places. Minimum
thickness value shall be measured by an apparatus (micrometric caliper or optical system) with
an accuracy of at least 0,01 mm.

The manufacturer shall provide a specification for the required minimum protective layer

thickness.
7.5 |DC electrical resistance
DC elgctrical resistance shall be measured only on PMC with metallic layer, agcording

methdd of |IEC 60468:1974 (applying a 4-point method). The value of resistance sh

calcul

testeq sample shall be at least 1 m.

The r¢port shall include the mean value of resistance at 20 °C (Q /.Mm)-

NOTE
resista

7.6

Mass
comp

The v

of eadh tested sample shall be at least 1 n¥

The r¢port shall include the mean value of mass per unit length in g/m.

lated as the average value of the measures taken on at least 1 sample, The length o

DC electrical resistance is not mandatory if the DC resistance value is\aot used in the calculation of co
ce.

Mass per unit length

per unit length shall be tested using an apparatus with an accuracy of +0,1 % ¢
bsite core.

blue of mass per unit length shall be taken on a minimum number of 1 sample. The

to the
pll be
F each

hductor

n the

ength

The manufacturer shall provide a specification for the required mass per unit length and the
permi

7.7

The t

mechanical chataeteristics of composite core and single wires (for stranded cores, if pos

when

Ft

ted tolerance.

Tensile test

bnsile test shall be performed, in accordance with 1ISO 527-5:2021, in order to

the wires are straight not in a preformed shape) under tensile load:

Hefine
sible,

tensile load at break (N),

et:

ot
E¢

1 ' . 1 L0\
CliouTriyauult at vIcdn {70/,
: tensile stress at break (MPa),
. tensile modulus (GPa).

Clamping jaws for the tensile test (e.g. epoxy inclusions, conic clamps, bolted clamp) shall be
correctly designed in order to minimize local flections, torsions or incisions, and stress
concentrations on the sample and reach the right failure mode.
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The minimum length of each sample shall be appropriate to avoid end effects to the extent that
it is practically possible. For multi wires, sample length is linked to lay length; the longer the lay
length, the longer the sample length. Load shall be gradually increased at a ramp of 1 mm/min
to 10 mm/min, measuring the elongation with an extensometer or another equivalent device. As
composite materials show an elastic behaviour, if the elongation measurement device risks
being damaged at the break of the sample, elongation at break can be extrapolated by a linear
interpolation of the load-elongation curve.

As measured breaking load values on composite wires are usually less repeatable than on
metallic wires, at least 5 samples of complete core shall be tested in order to have a reliable
mean value for type test. A single tensile test shall be applied on each wire of a stranded core
(if notrprefermed)-

For each sample, stress at break shall be calculated as the ratio between breaking)loald and
section and tensile modulus as the ratio from the slope of the load-elongation \curvel. It is
imporfant to mention that the selected elongation range has an influence onytensile mgdulus
final vialue. Tensile modulus is optional for the sample test.

The type test report shall include pictures of test setting, load-elongation curves, megsured
value$ and mean values of the characteristics above mentioned. Fot sample and routine|tests,
only the mean values of the characteristics mentioned above are-to be reported. For mul}i wire
composite core, tensile tests on each wires are optional depending on the design.

NOTE | Composite wires are non-homogeneous materials with anisptropic properties, and the stress at Hreak is
undersfjood as the nominal values of the whole composite core.

All composite cores shall have a tensile breaking load meeting at least the minimum sp¢gcified
RTS provided by the manufacturer.

7.8 |Bending test
7.8.1 General

In order to assess bendability of the\core during storage, transport, and installation, one |of the
followjng two tests shall be performed:

7.8.2 Mandrel test

The specimen of composite core (with external protective layer, if present) shall be wrapped
arounfd a cylindrical ‘mandrel at 180°, as shown in Figure 2; and a mechanical load shall be
appligd for 1 min.

Minimum mandrel diameter and applied load shall be agreed by the purchaser and manufacturer
in acgordance with the core working conditions and core specifications. A testing load
corregponding to 7,5 % RTS of the core is suggested.

After completion of the test, the composite core part in contact with the mandrel shall be tensile
tested according to 7.7.

This test requires a special equipment. The device shall comprise a mandrel and a device to
apply a mechanical load following the direction of the two arrows.
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NOTE
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7.8.3
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7,5 % of RTS is a representative tension that can be seen during stringing; it is lew’enough to
ntative compression load during bending. It is also to ensure that the core will be jn‘contact with the n
he bending test.

Figure 2 — lllustration of the mandrel test

Coiling test

pecimen shall be reeled around a cylindrical coiling reel as described in Figure 3.

mini

accorflance with the core operating conditions and core Specifications. Before starting th
both the guide device and fastening device shall be\tangent to the reel as shown in Fig

After

and t
corres
the ca

After

This t
a fast

um coiling reel diameter and the coiling speed shall be defined by the manufactu

minimum of half a turn (core wrapped around reel 180°), the rotation is stopped for
he specimen is rewound at the same.'Speed to the initial location. A testing
ponding to 7,5 % RTS of the core is suggested. The composite core part in contag
iling reel is analysed.

completion of the test, the specimen shall be tensile tested according to 7.7.

st requires a special equipment. The device shall comprise a two-way tension ge
ening device (2) and a coiling reel (3).

have a
handrel

The
rer in
b test,
ure 3.
1 min

load
t with
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7.9

The dglass transition temperature (7,

modu
remoy

{ a 3:[/,_."'_} _
7,5 % of RTS is a representative tension that can be seen during stringing; ‘it'is low enough to

ntative compression load during bending. It is also to ensure that the core wili’be in contact with the n
he coiling test.

IEC

Figure 3 — lllustration of the coiling test

Measurement of Glass transition temperature (by DMA)

g) is measured, in order to characterize the loss of

us versus temperature for PMC wires (Annex C). External protective layer m
ed if it is not the main strength member. The test shall be performed by Dy

2024

have a
handrel

PMC

Yy be
hamic

Mechrﬁnical Analysis (DMA), according to IS©\6721-5. For type test, 2 samples at the staft and
2 samples at the end of the productiontunit shall be tested. If the sample is not jested
immediately after production it may be dried prior to the test. Details of the testing requirements
are shjown in Table 2.
Table'2 — DMA testing specification
Fregquency 1 Hz
Loadjng mode | Flexural
3 °C to5 °C/min
Heat rate Heat rate to be agreed between purchaser and manufacturer, selected heat rate must bef kept
for all tests as a slight variation may occur between the different heating rates.
Test specimens of rectangular cross-section are recommended to facilitate load introduction

Sample shape
Th:L.Isn_ess If not possible to machine small wires, wires can be tested as is with a tolerance in

when possible. Thickness variation shall be < 2 % (in accordance with ISO 6721-5).

accordance with production process.

all tests as a slight variation may occur between the two methods. Clamp type may be a
limitation based upon tooling available.

variation
Cutting method should prevent excessive temperatures and vibrations in the sample.
Dual cantilever or three-point bending.
Clamp type Clamp type to be agreed between purchaser and manufacturer, selected type must be kept for

The report shall include, for each sample, the DMA results with both:

— the onset of the glass transition (7 onset):

— the Ty | ossModulus Measured from the maximum (highest value) of the loss modulus curve.
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7.10 Coefficient of thermal expansion
7.10.1 Sample preparation

The heated section shall be a reasonable length, such as 10 m, to ensure adequate accuracy
on elongation measurements. A schematic of a typical test set-up is shown in Figure 4.

The core can be heated by different ways: using for example a heating tape, an oven, aluminium
tube or aluminium wires for a conductor sample where 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 sections may be used to create a more uniform temperature profile.

a) Install end fixtures onto the core and install the sample into the test frame.
b) Ingtall extensometers on the core at the end of the heated section.

c) Ingtall 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 conducter,sthermocquples
shiall be wedged between the strands).

7.10.2 Procedure

The cpefficient of thermal expansion (CTE) of the PMC core with external protective layef shall
be mdasured using the following procedure.

a) Tgnsion the test sample to 20 % RTS of the core to keep.the core sample straight and flat.
Maintain constant tension during the test.
b) Tgke first measurement point at ambient temperature.

c) Ra3ise 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 min at each target temperature (tempefature
tolerance + 2 % with a minimum of -£%2 °C) core expansion and temperature shpll be
recorded.

e) Ingrease temperature further and_repeat the previous steps until the target temperature of
Te core is reached.

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

L Test length .
Core r 7‘
\ Thermocouple Thermocouple T=20Psr RTS
«—:::X < il e =
Heating section f
\ilea'l'lape_, Tomductor; EXtension Tore hording
metalic tube) measuring device machanism

IEC
Figure 4 — CTE test setup

The manufacturer shall provide a specification for the required CTE and the permitted tolerance.

NOTE |If agreed by the purchaser and manufacturer, TMA can be used for verification with consideration of the
accuracy and precision of the measurement. It is critically important that care is taken to ensure that the recorded
temperature is that of the test sample and not of the enclosure, which can be a major source of error.
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In accordance with ISO 11359-1:2023 and ISO 11359-2:2021, at least 2 samples (repeatability) are randomly chosen
and tested. The expansion is measured in the fiber direction (axial) between ambient temperature and 7 ore With

a slope of 3 °C.min"'. The report presents the TMA curves with the measured values of CTE in °C™" and list the
average value represented by each curve. The maximum CTE of the obtained averages values, is considered to be
the final result.

For a multi-wire composite core using the same material for all the wires, the center wire (straight wire) is typically
used for measuring the CTE of the composite core and represents the full stranded core.

711 T

onset Thermolysis determination

The measurement shall be performed using the TGA method, according to ISO 11358-1:2022.
TGA measurement method offers reliable results only if the materials composing the PMC have
differgni thermolysis temperatures. Depending on the purpose of the tesi, the gas us€d can
change.

The TIGA method is not applicable if:

a) fibers are less stable than the matrix at high temperature, or

b) matrix, fibers, coating and any other material used to realize the PME thave similar thermal
decomposition temperatures.

In thgse cases, a different experimental method or theoretical calculation shall be agreed
betwelen manufacturer and purchaser. The fiber direction <of /the test specimen shall be
perpenpdicular to the heating surface of the TGA instrument,"and as far as is possible (@as the
sample are very small), each test specimen shall have the same mass.

rate of 1 °C/min to 2 °C/min up to the thermolysis)of the matrix identified by a plateau of the
weight curve by TGA curve (generally it should>be in the range 600°C to 800°C).The hgating
rate has an important influence on the Tjnsetthermolysis: the lower the heating rate, the lower the

Tonset|thermolysis- It Needs to be agreed between purchaser and manufacturer.

The %easurement shall be performed in nitrogen atmosphere (N, 100 ml/min) with a heating

Tonset|thermolysis Shall be determined by the interception point of the two tangents of the weight
curve|by TGA (see Figure 5) as mentioned in ISO 11358-1:2022.

g A
@ A
g ~
Tonset thermolysis Temperature (°C)
IEC
Figure 5 — lllustration for T, ,qe¢ thermolysis determination
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7.12 Isothermal ageing
7.12.1 General

According to the definitions given in Clause 6, stability at 7¢ corg and at 7p corg shall be
determined (or verified) by isothermal ageing tests in order to experimentally confirm that the
physical parameters of composite cores are stable after a long-term exposition to high
temperatures.

Both the tests described in 7.12.2 and 7.12.3 shall reproduce the same thermo-oxidation
processes to which the core will be subjected durmg its I|fet|me thus the testing temperatures

and a |rrever3|ble degradatlon of the structure of the matrix and degradat|on paths different
from the ones that will take place during the real use of the core.

Test procedures and equipment shall be compliant to IEC 60216-4, where tempefature
tolerapces and ventilation rates of air exchange of the natural airflow testing 'ovens are dgfined.

Unlesp specific clamps are proven to be effective also on aged samples;-to be able to prpperly
clamp| the ends, sample ends shall be placed outside the oven for a\sufficient length.

Specimens shall be placed parallel to the bottom of oven, and as close as possible jo the
thermpcouple, avoiding the contact with the internal oven walls.

7.12.2 Product stability at Tc corE

During the holding time of a composite core at T¢¢oRre- resin matrix is generally subjegted to
thermp-oxidation processes, and material propérties could change.

As thp composite core is designed tocbe the mechanical support or reinforcement |of an
overhgad line conductor, it is required t@"'maintain its properties during the whole lifetime [of the
overhgad line itself, normally 40 or,50 years. A test with such a duration is not possiblg, thus
only accelerated ageing procedures are practicable in order to demonstrate the durability [of the
core fpr the requested lifetime-at-a certain temperature.

The dhosen accelerated ‘ageing methodology must be justified by experimental resujts on
composite wires, equivalent in composition (fiber, matrix, fiber volume ratio, protective [layer)
with cpmposite wires to be tested.

The proceduredor the accelerated ageing test, based on the Arrhenius curves method
(IEC §0216-1:2013), is given in Annex B.

The result of this test is T4py, the extrapolated theoretical limit temperature for 40 years lifetime
(or Tsoy for 50 years lifetime).

Once the reference lifetime is defined, 7 corg shall be determined considering the lowest of
the following values:

— T4y an extrapolation of the experimental results of the thermal ageing test, as described in
Annex B.

- T4 - 5 °C (per Annex C, the selection of Ty shall be agreed between purchaser and

manufacturer) measured in accordance with 7.9.

NOTE Minus 5 °C is a margin to ensure that the core is not operating continuously at the Tg.
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7.12.3 Product stability at 7p core

According to the definition given in 6.3, the stability of the main physical properties of the core
at the peak load temperature shall be determined or verified repeating the measurement already
performed on samples in initial conditions after an isothermal ageing for a 400 h cumulative
duration. As this temperature is related to the final use of the conductor for which the core will
be used, a different time can be specified by the purchaser, if needed.

Therefore, as written above, the temperature 7p tgg7 for the 400 h exposition isothermal ageing
phase shall be determined considering the lowest of the following values:

- Tonset thermolysis fmorder—to—avoid—the—activatiomof ﬁlclllluiybib processes of-irreversible

degradation of the matrix,
—  Tupon the temperature corresponding to a 400 h exposure, identified on the Arrhénius gurve,

- Tg in order to describe the breaking load decay of samples with the matrix invitreous ghase,

as| during the real use as a strength member of an overhead conductors,

|
o3

itical» @ny other critical temperature that could limit the use (f“the core, imply an

irreversible degradation of the materials, cause a different behayiour of the protection layer
or|change the degradation path from the one related to the real use of the core.

TP,TEST < min (Tg’ T400h' Tonset thermolysis’ Tcritical)

The gpecimens shall be exposed for 400 hours toj\the test temperature Tp rgg7 dpfined
accordling to the limits described above.

Afterjhe holding time at 7p tgg1, samples shallbe cooled until room temperature and sublected
to: vigual inspection (7.1), glass transition Iy (7.9) and tensile test (7.7).

The acceptance criteria shall be agreed between the purchaser and the manufagturer,
depending on the specific characteristics of each composite material.

If the results of the tests performed on the aged samples show that the changes are within the
tolerapces, 7p corg Can be defined as:

Tp core = TpTEsT— 5 °C

otherwise Tp tggt shall be reduced and the final tests repeated until all the results bgcame
compliant;

NOTE HftheFp TEgT 15 defimed by thefzqgpp thesafety margimof—5—€ s ot mecessaryimus5"€Fs= margin

to ensure that the core is not operating continuously at the Tg, Teritical ©" Tonset thermolysis-

8 Optional tests

8.1 Twisting test

The twisting test is utilized to demonstrate the core ability to handle rotation that could take
place during conductor handling and installation activities.

The test shall be performed on the complete composite core (with the external protective layer,
if applicable). A sufficient mechanical load shall be applied during the complete duration of the
test to straighten the core.
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The sample length shall be agreed by the purchaser and the manufacturer in accordance with
the core working conditions and core specifications and it shall be tested according to the
following steps:

a) turn the sample left at 360° (or lay direction for multi-wire core) per sample length,

b) keep the torsion for 1 min, then turn back to original position,

c) turn in opposite direction the sample at 360° per sample length,

d) keep the torsion for 1 min, then turn back to original position.

If a shorter sample length is chosen, a twist ratio shall be utilized to complete the test (e.g.

sample_length being tested is half the core specification. core is to be twisted to 180° in both
direct|ons instead).

After {he twisting cycles, samples shall be subjected to: appearance (7.1), tensile'test (7}7).

This test requires a specific equipment according to Figure 6. The device\shall compfise a
clampiing device (1), and the composite core (2); an optional stabilizer cambe used if necgssary
(3). The torsion is performed perpendicularly to the tension load F.

W\ ——>F

Testlength

A
Y

IEC
Figure 6 ~{llustration of the twisting test

8.2 |Crushing test

The cfushing test is utilized.to verify the ability of a loaded core to withstand compressive forces
acting perpendicularly(te*the core direction. This stress could take place during strapding,
manufacturing, handling, installation or maintenance activities.

The tgst shall be performed on cores (with the external protective layer, if applicable), uging a
specific tension-compression machine with a test design defined by the laboratory.

Accorgingto Figure 7, the test shall be performed between two steel plates in contact with the
sample on a 100 mm length and edges shall be rounded with 5 mm.

The range of crushing loads (kN) and the crushing speed shall be defined by the manufacturer.
When the pressure is reached, a plateau is maintained during 1 min. The pressure is then
released, and the compressed part is analysed.

At least 2 samples shall be tested.

After the crushing test, samples shall be subjected to: visual inspection (7.1) and tensile test
(7.7)

Reduction of the characteristics of the aged samples shall be calculated referring to unaged
samples experimental values.
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The report shall include a description of the test design, the pictures of the composite core and
the compressing test curves with the mean values of:

— the compressive load without break F (in N),

— the compressive strain without break ¢; (in %),

— the compressive stiffness K (K = F /e.) (in N).

8.3

The s
proted

IEC
Figure 7 — lllustration of.the crushing test

Salt fog test

tive layer in accordance with IEG¥60068-2-11:2021. The test duration is 672 h (28

with an intermediate point at 336 h.

After ']‘he ageing phase, the samples shall be washed, dried at room temperature and sub

to vis
Any v

8.4
8.4.1

al inspection (7.1).
Ariation in the aspect shall be evaluated referring to the condition of unaged sampl

Fiber volime ratio

General

Fiber

volume ratio shall be provided in one of two methods:

blt fog test of the composite core shall'be performed only on cores with a metallic external

days)

ected

8.4.2

TGA method

According to ISO 11358-1:2022, following the method below. The volume density of polymeric
matrix component shall be known in order to calculate the fiber volume ratio. If the volume
density of components is not provided by the manufacturer, it shall be calculated according to

ISO 1

1358-1:2022.

Using the TGA method, according to ISO 11358-1:2022, the weight loss versus temperature is
measured for PMC wire for characterization and weight distribution among its main components
which are matrix, fibers and possibly coating. A typical decomposition core is shown in Figure 8.


https://iecnorm.com/api/?name=c326af5ad72d8468dba3b744f333c4b7

IEC TS 62818-1:2024 © |EC 2024 - 25—

The method is based on the sequential decomposition of the main components of PMC wire
through heating in two different atmospheres:

— nitrogen atmosphere at a flow rate of 100 ml/min, which produce pyrolyzation of
components,

— air atmosphere at a flow rate of 100 ml/min, which produce combustion of components.

When the decomposition of a component is complete, and the specimen temperature is not

sufficiently high to activate the decomposition of others, the specimen mass variation
represents the mass of the component just decomposed.

I . T
| First component decomposition Nitrogen-pyrolysig step
s Plateau
A

Air combustiorn) step

2]

@

1S Second component decomposition

X
Plpteau

7 “/ Final residual of incombustible material / incombustible coating
Y

°C
IEC

Figure 8 — TGA curve for the measurement of weight loss versus temperature

In order to decompose a component, a heating rate of 10 °C/min with 10 h isotherm step|at the
end of each temperature ramp is'suggested to prove the complete pyrolysis or combustign of a
component. A plateau in thee TGA curve shall be clearly visible at the end of each isothern] step.

The matrix decomposition step shall be a temperature ramp with a pyrolyzation in nifrogen
atmogphere followed by an isotherm permanence in nitrogen atmosphere. Fibers decompgsition
step ghall be a temperature ramp with combustion in air atmosphere, followed by an isotherm
permgnence in-air atmosphere.

When|avire has a non-metallic external protective layer or when other material than matrjx and
strendthening fibers is present, its decomposition step shall be a temperature ramp followed by
an isotherm: a proper decomposition atmosphere shall be chosen between air, nitrogen or
oxygen so that the TGA curves show a clearly identifiable mass loss. If this material has a
decomposition temperature too high for the TGA equipment, or if its decomposition occurs at a
temperature considerably higher than the one for matrix and fibers, its mass determination can
be avoided or assumed as equal to a final mass residue of TGA measure.

Even when all the PMC components should have been decomposed, final residuals greater
than 2 % may occur due to the presence of some incombustible material such as mineral
charges, glass or even sub-products or carbonization of PMC components.
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Calculated method

The fiber volume ratio can be calculated by using Formula (1) and Formula (2):

A Wl
fiber volume ratio = i f—pf
A A

w w

(1)

where

Ar is the area of fiber, expressed in square meters (m?2);

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

Wy is the fiber weight per unit length, expressed in kilograms per meteri{kg/m) (prqvided
by the manufacturer);

Py is the density of fiber, expressed in kilograms per cubic meter. (kg/m3) (provided py the
manufacturer).

fiber volume ratio = 2 —£m’ (2)
pf 7Pm

wherg

Py is the density of fiber, expressed in kilograms per cubic meter (kg/m3) (provided py the
manufacturer);

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

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

8.5 |Porosity

A high porosity level will-have a detrimental effect on mechanical and ageing properties. Despite

mechanical and ageing tests usually being sufficient to determine the level of mechgnical

perfoimance and, thermal resistance of a composite core, this test can be optionally required

by thg purchaserfor a deeper investigation of the inner structure of the composite materigl and

its changes-<after a temperature ageing. Making mechanical and ageing tests shall be epough

to determine the level of performance of the composite core. However, if the purchaserg want

furthefinformation on the core, they may ask for this test.

The porosity and fiber matrix repartition of the PMC wire may be measured using a micrographic
observation of the core coupled with a computer-assisted measurement. It is suggested that at
least 5 representative regions be analysed.

At least 3 samples of composite wire shall be tested. The wire shall be cut and polished in order
to clearly observe the cross-section. The porosity measurement shall be performed using
binarization software to differentiate the porosity from the matrix and from the fiber. Porosity
shall be measured on pictures taken at a total magnification with a minimum of x40 using an
optical microscope. As an alternative, the SEM technique can be used. If with a single picture,
at the chosen magnification factor, it were not possible to catch the required cross-section
and/or achieve image focus, more than one picture shall be taken.
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The report shall contain a global picture of the composite core cross section at a magnification
ranging from x10 to x40 with a preferred value of x10 in order to illustrate the core global aspect.
In addition, porosity values in % measured from the pictures at magnification with a minimum
of x40 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 calculate porosity rate below 1 %. Porosity on unaged
samples and porosity change during thermal ageing can strongly differ between different products, thus these values
cannot be quantitatively linked to quality, mechanical performance or thermal stability.

8.6 |UV ageing

The cpre can be subjected to UV if the core is stored on a reel for a significant amount df time
outside without protection before stranding.

The PV ageing test of the composite core shall be performed in. accordanceg with
ISO 4892-2:2013 (Xenon). Method A, Cycle 1 is recommended to be used for a durafjon of
720 h|(30 days) with an intermediate point at 360 h.

After the ageing phase, the samples shall be washed, dried and(subjected to visual inspgction
(7.1) and glass transition Ty (7.9).

Redug¢tion of the characteristics of the aged samples shall be calculated referring to upaged
samples' experimental values.
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Annex A
(normative)

Testing table

All the tests described in Clauses 7 and 8 are listed in Table A.1. For each test on PMC cores,
Type tests (T), Sample tests (S) and Routine tests (R) are specified.

Table A.1 — Tests on composite core

ki Applicable tests Sampling rate for S teslts

Iten Description

71 Appearance T,S,R 10 % of drums, min. 2 pef lot
7.2 Diameter See Table 1 10 % of drums; min. 2 pef lot
7.3 Lay length measurement for multi-wire T,S,R 10 % ofdrums, min. 2 pef lot
7.4 Protective layer thickness T,S,R 10 %ef-drums, min. 2 pef lot
7.5 DC electrical resistance @ T,S 10_% of drums, min. 2 pef lot
7.6 Mass per unit length T,S,R 10 % of drums, min. 2 pef lot
7.7 Tensile test T,S,R 10 % of drums, min. 2 pef lot
7.8 Bending test T -

7.9 Glass transition temperature T,S,'R 10 % of drums, min. 2 pef lot
7.10 Coefficient of thermal expansion T -

7.11 T onset Thermolysis determination T -

7.12 Isothermal ageing T -

OPTIONAL TESTS

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 UV ageing T -

a2  orly for PMC with.metallic protective layer
b only for PME Without metallic protective layer
If not differently specified in the subclause where the test is described (mean value from several

measurements), the number of samples for each Type test is 1.

The number of pickings for each sample test is specified in the last column of Table A.1, referred
as the percentage of drums to be picked from the production lot to be tested, with a minimum
of two drums with one sample per drum. Some tests require a single sample for each picking;
others more samples for each picking (repeatability) in order to give a mean value as a result.
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B.1

Annex B
(normative)

Arrhenius thermal ageing test

General

The accelerated thermal ageing test, performed adopting the Arrhenius curve method, is
finalized to extrapolate the theoretical temperature that, kept constant for the expected lifetime
of the overhead line (normally 40 or 50 years), causes a reduction of the rated tensile strength

or brg
agree

The A
(2 yed

B.2

B.2.1

The s
deper

If no
explo
correq

— number and values of temperature (Texp) to which the samples shall be aged,

aking load of the core in its initial conditions following IEC 60216-1:2013, 5.2
d between manufacturer and purchaser).

rrhenius thermal ageing test takes a very long time to be prepared, run‘and and
rs). It is a test of the material system and design (see 5.2.2).

Ageing temperatures, number of samples and picking frequency

Overview

beed of breaking load reduction as a function of the temperature of exposition is 3
dant on composition of the materials used as matrix and fibers for the composite ¢

sufficient information is available on the .composite core to be tested, prelin
atory tests are needed for evaluating the (speed of decay at several temperature
tly define:

possible duration of each ageing.phase,

sufficient number of samples to-correctly draw the decay curves of the breaking log
ensure the presence of spare samples for possible additional picking.

Definition of the testing plan
fine the testing plan;‘the following steps can be followed:

finition of T4, and its duration.

ere shall-bg-at least 3 T, for which end point criterion can be reached (within 10 0

exp

a reduction of the duration of test is obtainable by an increase of Tg,,, Ty, SO

Xp’
refully defined without exceeding:

to be

lysed

trictly
pre.

hinary
s and

d and

00 h).

all be

Tonset thermolysis
degradation of the matrix,

in order to avoid the activation of thermolySiS processes of irreversible

any other critical temperature that could limit the use of the core, imply an irreversible
degradation of the materials, cause a different behaviour of the protection layer or
change the degradation path from the one related to the intended use of the core.

A short duration of the isothermal ageing phase can be related to a high value of temperature
without a relevant reduction in breaking load. Nevertheless, it is necessary to consider that
a permanence at high temperatures could activate degradation processes different by the
ones involved in the temperature range used for the Arrhenius test itself or to bring the
matrix in a different state.
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B.3 | Test method

For

IEC 6P216-1:2013 shall be applied.
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Definition of the picking frequency for each ageing.

Each picking establishes a single point on the "time — mean breaking load" graph (see
Figure B.1), and the number of points shall be sufficient to describe correctly the decay
curve for each temperature of exposition. The longer the duration of ageing, the higher the
number of pickings.

The picking frequency shall be variable during the test and is highly dependent on Texp: with

an increase in the area where the decay curve is close to the end-point criterion (minimum
of 5 samples is suggested similar to the blue data points in Figure B.1). Once a preliminary
picking table has been defined according to the indications above, it shall be adjusted during
the test, according to experimental results: reducing the picking frequency if the

' ' ' ' s d vice

It can be observed that some PMC cores (as in Figure B.1) may show an initial(increpse in
thé mean breaking load curve, before the decay phase. The presence and the entity pf this
behaviour (mainly due to a final post-curing of the polymeric matrix) shall be prpperly
evjaluated during the exploratory tests in order to reduce the picking frequency in this ghase,
ngt relevant for the determination of the end-point.

Degfinition of the number of samples.
THe number of samples to be prepared for each oven shall be defined considering that:

— | the low repeatability of measured breaking load on composite core requires to fest at
least 5 samples for each picking in order to calculatecareliable mean value of brgaking
load,

— | as a precise prevision of the duration and numberof picking is difficult and ageing phase
duration can be long, the preparation of extraisamples as a spare to be added fo the
others is recommended. For cases in which:the accuracy requires heat ageing|at an
additional temperature, as reference specimens, or some breaking test needs|to be
repeated.

gnything not specified in_this® Clause B.3, the simplified procedure described in

The g$amples are placed in the thermal aging ovens, set at the established expgosure

tempgratures, and gradually removed, according to the picking plan (see Clause B.1).

Once [removed framithe oven, samples shall be cooled in still air to room temperature.

The cpmposite-cores shall be tensile tested, according to the procedure in 7.7 and the|mean

break|ng load (or the equivalent tensile strength) shall be registered and drawn on a diagram
as a funetion of exposure time (plotted on the X-axis in logarithmic scale), as represerF

ed in

Figure-B1-
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