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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization“con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
peration on all questions concerning standardization in the electrical and electronic fields*~To this ¢
idition to other activities, IEC publishes International Standards, Technical Specifications; Technical H

aration is entrusted to technical committees; any IEC National Committee interested)in the subject dg

the IEC also participate in this preparation. IEC collaborates closely with thé\nternational Organiz
dardization (ISO) in accordance with conditions determined by agreement between the two organiz

formal decisions or agreements of IEC on technical matters express, as.nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made‘to ensure that the technical content
ications is accurate, IEC cannot be held responsible forvthe way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divergence q
IEC Publication and the corresponding national.@r'regional publication shall be clearly indicated in th

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, acéess to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the-latest edition of this publication.

iability shall attach to IEC or itsdirectors, employees, servants or agents including individual exp4g
hbers of its technical committees and IEC National Committees for any personal injury, property darf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publ

ntion is drawn to the"Noermative references cited in this publication. Use of the referenced publicd
Epensable for the ¢orrect application of this publication.

ntion is drawn to'the possibility that some of the elements of this IEC Publication may be the subject o
s. IEC shallmot.be held responsible for identifying any or all such patent rights.

edline version of the official IEC Standard allows the user to identify the ch
tothe previous edition. A vertical bar appears in the margin wherever a chang

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, Rublication(s)”].

hprising
hational
nd and
eports,

Their
alt with

tion for
ions.

participate in this preparatory work. International, governmental and non-governmeéntal organization}liaising

hational
rom all

Publications have the form of recommendations for international use and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
cations.

tions is

f patent

Anges
e has

made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60840 has been prepared by IEC technical committee 20: Electric
cables.

This fifth edition cancels and replaces the fourth edition, published in 2011. This edition

consti

tutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

e Gas immersed cable terminations for use at rated voltages above 52 kV are required to be

ro

e R

quirements are introduced for composite outdoor termination insulators.

test cylinder diameters specified for the bending test (type and prequalification
ve been modified in line with IEC TR 61901:2016.

ow smoke halogen free oversheath material, designated ST, is introduced.

o Additional tests under fire conditions are introduced: vertical flame_spread, smoke d

ac

dity and conductivity, which shall be applied according to the-fire performance de|

forl the cable.

e A {est for water penetration in the conductor is added.

e |In

addition to tests on the outer protection of joints, type_tésts on the screen section

indulation of all accessories have been introduced.

NOTE

For a more detailed history of events leading up to this\fifth edition, see the Introduction.

The tgxt of this International Standard is based on-the following documents:

Full in
report

This d

FDIS Report on voting
20/1909/FDIS 20/1910/RVD

formation on the voting for the approval of this International Standard can be found
on voting indicated in thelabove table.

ocument has been«drafted in accordance with the ISO/IEC Directives, Part 2.

designed, type and routine tested in accordance with IEC 62271-209 in addition to the

tests)

Ensity,
clared

blizing

in the

The committee has,decided that the contents of this document will remain unchanged until the

stabili
the sp|

y date indicated on the IEC website under "http://webstore.iec.ch” in the data rels
ecific document. At this date, the document will be

e re¢onfirmed,

ted to

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.

The contents of the corrigendum of February 2021 have been included in this copy.
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INTRODUCTION

The first edition of IEC 60840, published in 1988, dealt only with cables. Accessories were
added to the second edition, published in February 1999, which separately covered test
methods and test requirements for

a) ca
b) ca

bles alone,
bles together with accessories (a cable system).

Some countries then suggested that a better discrimination be made between systems, cables
and accessories, partlcularly for the lower voltages of the scope, for example 45 kV. This was

taken i
gives

a) ca
b) ca
c) ac

Manuflacturers and users may choose the most appropriate option fortype approval.

IlIlU dbbUUHl IH llle lllIlU b‘UIlIUII \LUULI-) dIIUH{:r Ildb UEEH IEldIlleuﬁlH—H—Hb—W
Subsequently, giving the type approval requirements and the range of approvals-fg
pble systems,

bles alone,

Cessories alone.

which

=3

The fgurth edition (2011) introduceg~the prequalification test procedure, as a cable dystem
inclusive of accessories, for cables with high electrical stresses at the conductor screen and/or
insulation screen.

Additibnallv the followina ether csianificant chanaes tothis standard have hean introduced Other
Additionally-the following-othersignificant changes-to-this standard-have bee Lo

signifi

a)T

b) In
po

cant changes in thesfourth edition were:

e clause numberlng of this document and IEC 62067 -{which-has-beenrevised-atthg

was coordinated to achieve as much commona

he ecase of the sample test, the lightning impulse voltage test is no longer followe
et frequency voltage test.

ity as

d by a

In this fifth edition the principle changes are as follows:

a) New definitions have been added for three different cable screen designs following

IE

C TR 61901:2016.

b) Gas immersed cable terminations for use at rated voltages above 52 kV are required to be
designed, type and routine tested in accordance with IEC 62271-209 in addition to the
routine and type tests specified in this document.

c) Requirements are introduced for composite outdoor termination insulators.

d) The test cylinder diameters specified for the bending test (type and prequalification tests)

ha

ve been modified in line with IEC TR 61901:2016.

e) A low smoke halogen free oversheath material, designated ST, is introduced.
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f) Additional tests under fire conditions are introduced: vertical flame spread, smoke density,

acidity and conductivity, which are applied according to the fire performance declared for
the cable.

g) A test for water penetration in the conductor is added.

h) In addition to tests on the outer protection of joints, type tests on the screen sectionalizing
insulation of all accessories have been introduced.

i) A list of relevant CIGRE references is given in the bibliography.
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POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
ABOVE 30 kV (U, = 36 kV) UP TO 150 kV (U, = 170 kV) —

TEST METHODS AND REQUIREMENTS

1 Scope

This dpcument specifies test methods and requirements for power cable systems, cables]alone
and a¢cessories alone, for fixed installations and for rated voltages above 30 kV (U, = B6 kV)
up to @and including 150 kV (U, = 170 kV).

The requirements apply to single-core cables and to individually screenedthree-core ¢ables
and tq their accessories for usual conditions of installation and operatian, -but not to gpecial
cableq, such as submarine cables and their accessories, for which modifi¢ations to the stgndard
tests-thay-be-necessary or the setup of special test conditions-mayneedto-canbe-devisgd- can
be neg¢essary.

This document does not cover transition joints between cables with extruded insulatign and
paperlinsulated cables.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their cpntent
constifutes requirements of this document. For' dated references, only the edition cited applies.
For undated references, the latest edijtion of the referenced document (including any
amendments) applies.

NOTE-}The EC60811-series-is—currently—undergoing—a-revision—which-will-lead-to-a-restructuring-of-its—parts—A
description—of—this—as—wel-as—a—cross-reference—table—between—the—currentandplannedparts—wil-be—g¢iven—in
{EC60844-100-

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions ang test
requirements

IEC 60183_Gui b il ! N

IEC 60228, Conductors of insulated cables

IEC 60229:2007 Flectric cables — Tests on extruded oversheaths with a special protective

function

IEC 60230, Impulse tests on cables and their accessories

IEC 60287-1-1:2006, Electric cables — Calculation of the current rating — Part 1-1: Current rating
equations (100 % load factor) and calculation of losses — General

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW
pre-mixed flame

IEC 60332-3-24, Tests on electric and optical fibre cables under fire conditions — Part 3-24:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category C
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IEC 60754-2, Test on gases evolved during combustion of materials from cables — Part 2:
Determination of acidity (by pH measurement) and conductivity

IEC 60840:2020 RLV © IEC 2020
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metallic materials

metallic sheath

Test methods for non

Measurement of thickness of non

Electric and optical fibre cables —
IEC 60811-202:2012/AMD1:2017

202:2012,

IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials —

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 203: General tests — Measurement of overall dimensions

Part 201: General tests — Measurement of insulation thickness

— Part 202: General tests —

IEC 60811
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IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

IEC 60811-403, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC 60811-409, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheaths

IEC 60811-501:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 501: Mechanical tests — Tests for determining the mechanical properties of insulation
and sheathing compounds A
IEC 60811-501:2012/AMD1:2018 Qy

IEC 60811-502:2012, Electric and optical fibre cables — Test methods for non- %Ilic maélterials
— Part| 502: Mechanical tests — Shrinkage test for insulations (19

IEC 60811-503, Electric and optical fibre cables — Test methods for metallic matelials
Part 503: Mechanical tests — Shrinkage test for sheaths %Q

IEC 6(0811-505, Electric and optical fibre cables — Test meth or non-metallic matefials
Part 505: Mechanical tests — Elongation at low temperature ﬁq\msu/ations and sheaths

IEC 6(0811-506, Electric and optical fibre cables — Teéethods for non-metallic matelials
Part 506: Mechanical tests — Impact test at low tem&Qa ure for insulations and sheaths

IEC 60811-507, Electric and optical fibre cable@ Test methods for non-metallic matelials
Part 507: Mechanical tests — Hot set test for s-linked materials

— Parf 508: Mechanical tests — Pres&: test at high temperature for insulations and sheaths

IEC 6181 1-508:2012, Electric and optic%@bre cables — Test methods for non-metallic majterials
IEC 6

811-508:2012/AMD1:2017

. \‘r
IEC 60811-509, Electric and@cal fibre cables — Test methods for non-metallic matefials —
Part 509: Mechanical tests = Test for resistance of insulations and sheaths to cracking (heat
shock(|test) Oé

IEC 60811-605:2 -Electric and optical fibre cables — Test methods for non-metallic majterials
— Parf| 605: Phy: tests — Measurement of carbon black and/or mineral filler in polyethylene
compqunds

O
Cg%

rials —

IEC 60885-3, Electrical test methods for electric cables — Part 3: Test methods for partial
discharge measurements on lengths of extruded power cables

IEC 61034-2:2005, Measurement of smoke density of cables burning under defined conditions
—Part 2: Test procedure and requirements
IEC 61034-2:2005/AMD1:2013

IEC 61462:2007, Composite hollow insulators — Pressurized and unpressurized insulators for
use in electrical equipment with rated voltage greater than 1 000 V — Definitions, test methods,
acceptance criteria and design recommendations
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IEC 62271-209, High-voltage switchgear and controlgear — Part 209: Cable connections for
gas-insulated metal-enclosed switchgear for rated voltages above 52 kV. Fluid-filled and
extruded insulation cables — Fluid-filled and dry-type cable-terminations

ISO 48-2, Rubber, vulcanized or thermoplastic — Determination of hardness — Part 2: Hardness
between 10 IRHD and 100 IRHD

3 Terms-and-definitions

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

ISO apd IEC maintain terminological databases for use in standardization at’ the following
addregses:

o |EC Electropedia: available at http://www.electropedia.org/

e ISP Online browsing platform: available at http://www.iso.org/obp
3.1 Definitions of dimensional values (thicknesses, cross-sections, etc.)

3.1.1
nominal value
value py which a quantity is designated and which is ‘eften used in tables

Note 1 fo entry: Usually, in this document, nominal values“give rise to values to be checked by measujements
taking ipto account specified tolerances.

3.1.2
medign value
when [several test results have beemobtained and ordered in an increasing (or decrejasing)
succegsion, middle value if the number of available values is odd, and mean of the two middle
valueq if the number is even

3.2 |Definitions concerning tests

3.21
routine test
test mpde by theemanufacturer on each manufactured component (length of cable or accefssory)
to check that the'component meets the specified requirements

3.2.2
sample test
test made by the manufacturer on samples of completed cable or components taken from a
completed cable or accessory, at a specified frequency so as to verify that the finished product
meets the specified requirements

3.2.3

type test

test made before supplying on a general commercial basis a type of cable system or cable or
accessory covered by I|EC 60840, in order to demonstrate satisfactory performance
characteristics to meet the intended application

isties- Type tests are of such a nature that, after they have been
made, they need not be repeated unless changes are made in the materials, design or type of manufacturing process
of cable or accessory which might change the performance characteristics.
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alification test

test made before supplying on a general commercial basis a type of cable system covered by
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable
system

3.2.5

extension of prequalification test
test made before supplying on a general commercial basis a type of cable system covered by
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable
system, taking into account an already prequalified cable system

3.2.6
electr
test m

Note 1

cal test after installation
lade to demonstrate the integrity of the cable system as installed

o entry: Integrated optical elements, if present, will be tested upon customer requést,”Tests to be

on agreement between customer and manufacturer.

3.3

3.3.1
cable
cable

Other definitions

system
with installed accessories including components used-fer thermo-mechanical restr|

systems limited to those used for terminations and jointsnly

3.3.2

nominal electrical stress

electri

Note 1

Note 2

3.3.3
comb
CD
metal

Note 1

3.3.4
separ
SD
metal
electri

Cal stress calculated at U, using nominaldimensions
o entry: The equations for calculation of theyStresses are given in Clause 6 n).

o entry: Nominal electrical stress is gxpressed in kV/mm.

ned design

screen design that éembines radial watertightness and electrical properties

o entry: Details @f fhe construction are given in 4.3.

hte desigh

sgreen design that uses different metal components for radial watertightnes

defined

aint of

s and

calproperties

Note 1 to entry: Details of the construction are given in 4.3.

3.3.5
separ
SscD

ate semi-conductive design

metal screen design that has separated electrical and radial watertightness properties and uses
semi-conductive plastic-coated foil

Note 1

3.3.6

to entry: Details of the construction are given in 4.3.

conductor cross section

nomin

al conductor cross section in accordance with IEC 60228
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3.3.7

maximum mechanical load

MML

highest mechanical cantilever load which is expected to be applied to a composite outdoor

termin

3.3.8

ation insulator in service and for which it is designed

joint with screen or metal sheath interruption
joint, where the metallic sheath, shield and insulation screen of the cable are electrically

interrupted
3.3.9
cable|accessory with screen or metallic sheath interruption
cable Jaccessory, where the metallic sheath, shield and insulation screen of the eable are
electrically interrupted
3.3.10
termination with sectionalizing insulation
terminfation, where the metallic sheath, shield and insulation are elecf¥i¢ally interrupted|to the
groundgl
4 Vopltage designations, materials and rounding ofitnumbers
4.1 Rated voltages
In this|document, the symbols Uy, U and U,, are used to designate the rated voltages of ¢ables
and ag¢cessories where these symbols have the meanings given in IEC 60183.
4.2 |[Cable insulating-materials compounds
This dpcument applies to cables insulated with one of the-materials compounds listed in Tlable 1,
which|also specifies, for each type ef.insulating compound, the maximum operating conductor
tempefatures on which the specified test conditions are based.
It is recommended that cable ¢ores with a crosslinked insulation system in accordance with this
document should have begn degassed.
4.3 |Cable metal,screens/sheaths
This document.applies to the various designs in use. It covers designs providing a|radial
watertightness-and-ether designs that do not provide radial watertightness.
In all ¢gases the metal screen/sheath shall be able to meet the screen short circuit rating
Designs that provide radial watertightness mainly consist of:
e seamless metal sheaths;
e longitudinally applied metal tapes or foils bonded to the oversheath:

— CD: a metal screen design using a metal tape or foil, with either a welded or glued

overlap, that carries part or all of the screen short circuit current with, if necessary, metal

wires to carry part of the short circuit current;

SD: a metal screen design using a laminated metal foil, coated on one or both sides for
radial watertightness, and metal wires for carrying the full screen short circuit current;
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— SscD: a metal screen design using a thin lead or Al foil coated with glue on the outer
side and semi-conductive plastic on the underside, over a layer of semi-conductive tape,
which is in turn over a layer of round copper wires. Typically, the aluminium foil and the
semi-conductive plastic are each 0,05 mm thick;

NOTE 1 Definitions of CD, SD, and SscD are given in 3.3.3, 3.3.4 and 3.3.5

e composite screens, involving a-bunch layer of wires and—in-addition; either a metal sheath
or a metal tape or foil bonded to the oversheath, acting as a radial water impermeable barrier
(see Clause 5).

NOTE 2 During development of the cable and cable system, with a longitudinally applied metal tape or foil
bonded to the oversheath, the tests as specified in IEC TR 61901 are preferred.

andretlhekdesigﬂssuekkas

Designs which do not provide radial watertightness include:

e matal tapes or foils not bonded to the oversheath,

e bunpeh a layer of metal wires only.
B R

4.4 |Cable oversheathing-materials compounds
Tests jare specified forfour five types of oversheath, as follows:

— ST|4 and ST, based on polyvinyl chloride (PVC);
— ST|3 and ST based on polyethylene (PE);

— ST|4, based on low smoke halogen free matgrial (LSHF).

The choice of the type of oversheath depends on the design of the cable and the mechanical,
thermal and fire-constraints performanceequired during installation and operation.

The maximum conductor temperatures in normal operation for the different tyges of
oversheathing-materials compounds covered by this document are given in Table 2.

If therg is concern that theyoversheath will be deteriorated by UV radiation, the oversheath shall
be protected against~8V radiation, which will be mutually agreed with the [client.
Black |PE oversheaths ¢entaining the required amount of a suitable and well-dispersed grade of
carbonm black (see Tabte 5) are protected against UV radiation.

NOTE 1 For insfallation in air, as for example in tunnels or buildings, it is preferable for the cable to have spme fire
performfance agdlow smoke and zero halogen properties. For such applications, an ST,, (LSHF) oversheatH can be

applied

NOTE 2 facd Li 41 4l k. 4l b N £ 41 1l L i A 41 AY
of-SoMreappreatonStreoverSneam— tato et toverea oy arufhcaoRar ayer—e-g—SemtCtofauttve)

4.5 Rounding of numbers

The procedure given in Annex B shall be applied to all numbers and values employed or derived
during the use of this document.

5 Precautions against water penetration in cables

When cable systems are installed in the ground, in easily flooded galleries or in water, a radial
water impermeable barrier-around-the-cable is recommended.

Longitudinal water barriers may also be applied in order to avoid the need to replace long
sections of cable in case of damage in the presence of water.
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A test

NOTE

for longitudinal water penetration is given in 12.5.15.

No test for radial water penetration is currently available.

6 Cable characteristics

For the purpose of carrying out the cable system or cable tests described in this document and
recording the results, the cable shall be identified. The following characteristics shall be-krewn

or dec

lared by the manufacturer:

a) Name of manufacturer, type, designation and manufacturing date (date of last production

phpse)ordatetode:

b) Ra
c) Fin
12

NOTE
d) Ty
co
if 4
Crd
req
e) Mas
If
ac
f) Ty

g) Pr
h) M¢q

i) M4

ap
i) Ng
k) Ng

) Ng

ted voltage: values shall be given for Uy, U, U, (see 4.1 and 8.4).

e performance: if ST, ST, or ST, oversheath material is used, then the(subclau
5.14 to which compliance is claimed, apply.

Fire performance is dependent on the cable design as well as the oversheath materjal.

pbe of conductor, its material and nominal cross-sectional area,-Ain_square mm; con
hstruction; presence, if any, and nature of measures taken to reduce skin effect; pre
ny, and nature of measures taken to achieve longitudinal watertightness; if the n
ss-sectional area is not in accordance with IEC 60228, ,the maximum DC con
istance, corrected to 1 km length and to 20 °C.

he insulation is XLPE, special additives shall¢be/declared if the higher value of
cording to Table 3 is applicable.

pe of manufacturing process for insulation_system.

pbsence, if any, and nature of watertightiess measures in the screening area.

tal screen/sheath:

constructional details of metal sereen, for example material and construction of
screen, number and diameterof wires.

declared); material, construction and nominal thlckness of metal sheath, or longitu
applied metal tape or.foifs bonded to the oversheath whether the type CD or SD or
maximum DC resjstance of the metal screen.

fterial Compound(as defined in Table 2) and nominal thickness of oversheath,
pblicable, nature- and material of semi-conductive covering.

minal diati€ter of the conductor (d).
minalsoverall diameter of the cable (D).

Herial Compound (as defined in Table 1) and nomin&l thickness of insulation (z,,) (sep

ses of

ductor
sence,
bminal
ductor

4.2).
tan ¢

metal

Hinally

applied metal tape or feilbonded to the oversheath, if any. For cables with longifudinal

SscD;

and if

minal’inner diameter (d;;) and calculated nominal outer diameter (D,,) of the insuleltion.

m) Nominal capacitance, corrected to 1 km length, between conductor and metal screen/sheath.

n) Calculated nominal electrical stress at conductor screen (E;) and at insulation screen (E,):

20,
dii xIn(Dyg / dj)

E =

E - 2U,
° Dy xIn(Dyg / djj )

where:
D o~ dii + 2tn;

D.

10

is the calculated nominal outer diameter of the insulation, in mm;
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d;j is the declared nominal inner diameter of the insulation, in mm;

t is the declared nominal insulation thickness, in mm.

Fhe-value-of Uy-s Standard values of Uy in kV are given in Table 4.

If the calculated nominal electrical stress at the conductor screen is higher than 8,0 kV/mm
and/or the calculated nominal electrical stress at the insulation screen is higher than
4,0 kV/mm, then a prequalification test according to Clause 13 is required.

The design of any integrated optical element(s), if applicable.

Whether a prequalification test is required and/or detailed test report(s) for existing relevant
PQ test(s) covering the cable system, if any.

Atcessories characteristics

Gas immersed cable terminations

Gas inmersed cable terminations for use at rated voltages above 52 kVcshall be desighed in

accordance with IEC 62271-2009.

7.2

Composite insulators for outdoor cable terminations

Comppsite insulators for outdoor cable terminations shall have avMML complying with Taple 10,
Level ] or Il. Level | refers to a normal load and shall be generally applied, unless a pur¢haser
specifles a heavy load of Level |l. Alternatively, a differept\alue of MML may be agreed bdtween

purchaser and supplier.

7.3

Accessory characteristics to be declared

For the purpose of carrying out the cable system or accessory tests described in this document

and rgcording the results, the accessory shall be identified.

The fdllowing characteristics shall beknrewn-or declared by the manufacturer:

a)
b)

c)

d)

caples used for testing accessories shall be correctly identified as in Clause 6;

a drawing shall be provided/in which all relevant features tested under Annex H are ghown,
seg Clause H.1;

copducter current.\carrying connections used within the accessories shall be cofrectly
identified,~-where-applicable for both the conductor and metal screen, with respect to

e | assemblytechnique,
o e ing,
o preparation-of contact surfaces;

° i raf a .
CypCT reTeTCTTIoCCTTOTT ot

ion £ 4 B torla)
T e CUTITIeCTOT(S7);

o details of the type test approval of the connector(s), if applicable;
accessories to be tested shall be correctly identified with respect to:
¢ name of manufacturer,

e type, designation and manufacturing date or date code,

e rated voltage (see Clause 6 b) above),

e material type of rubber mouldings forming the main insulation (e.g. silicone rubber or
EPDM),

e material type of dielectric fluid filling, if any,
e type of outer protection,

e whether the design includes sheath sectionalizing insulation,


https://iecnorm.com/api/?name=b67b2649e616fcc7abb21de707061270

IEC 60840:2020 RLV © IEC 2020 -21-

e installation instructions (reference and date);
e) additional requirement for gas immersed terminations:

e whether or not the termination insulator is suitable for supply to the switchgear
manufacturer, in order to confirm compatibility and performance for the installation in the
switchgear before delivery to site,

e if suitable, the measures which are required to allow the switchgear routine test to be
carried out without the cable present;

f) additional requirements for composite outdoor termination insulators:

e the MML value for the composite insulator, see 7.2,

o | for insulators which will be pressurized in service, the maximum service pressure (MSP).
8 Test conditions

8.1 Ambient temperature

Unles$ otherwise specified in the details for the particular test, tests shall be carried ouj at an
ambient temperature of (20 £ 15) °C.

8.2 |High voltage tests

Unles$ otherwise indicated in this documént, high voltage tests shall be carried put in
accordance with IEC 60060-1. All high veltage tests in this document are withstand vpltage
tests.

No "aimospheric correction for dry.tésts" (IEC 60060-1:2010, 4.3) shall be applied to the test
voltage values specified in thissdecument.

8.3 |Waveform of lightning impulse test voltages

In accprdance with IEC,; 60230, the front time of the standard lightning impulse voltage shall be
betwepn 1 ys and\5 us. The time to half value shall be 50 pys + 10 uys as speciffed in
IEC 60060-1.

8.4 |Relationship of test voltages to rated voltages

Whera_test voltages are specified in this document as multiples of the rated voltage @f;, the
value of U, for the determination of the test voltages shall be as specified in Table 4.

For cables and accessories of rated voltages not shown in the table, the value of U, for the

determination of test voltages may be the same as for the nearest rated voltage which is given,
provided that the value of U, for the cable and accessory is not higher than the corresponding
value in the table. Otherwise, and particularly if the rated voltage is not close to one of the
values in the table, the value of Uy on which the test voltages are based shall be the rated value,

i.e. U divided by V3. The associated test voltages shall be established by calculation using the
multipliers given in Table 4 or interpolation where no multiplier is given.

The test voltages in this document are based on the assumption that the cables and accessories
are used on systems of category A or B, as defined in IEC 60183.
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Determination of the cable conductor temperature

It is recommended that one of the test methods described in Annex A is used to determine the

actual

conductor temperature.

9 Routine tests on cables and-en-the-main-insulation-of prefabricated

accessories

9.1

General

The following tests shall be carried out on each manufactured length of cable:

a) palrtial discharge test (see 9.2);

b) vo

c) elg

The o

The m
and v(

1) on
2) by
teg

3) by
ing

In cas
the sg
voltag

The in
in IEC]

Comp
servic
to a rq

for at

Routin
mould

tage test (see 9.3);
ctrical test on oversheath of the cable, if required (see 9.4).

der in which these tests are carried out is at the discretion of the manufacturer.

ain insulation of each prefabricated accessory shall undergocpartial discharge (s¢
Itage routine tests (see 9.3) according to either 1), 2) or 3y below:

accessories installed on cable;

e 9.2)

using a host accessory into which a component of an accessory is substituted for the

t;

using a simulated accessory rig in which the ‘electrical stress environment of 3
ulation component is reproduced.

main

es 2) and 3), the test voltage shall be s€lected so as to obtain electrical stresses alt least

me as those on the component in_@ complete accessory when subjected to th
es specified in 9.2 and 9.3.

sulator of a gas immersed termination shall also be subjected to the routine tests
62271-209.

bsite outdoor termination insulators which will be subjected to internal gas presg
b shall be subjected; at normal atmospheric pressure and normal ambient tempe
utine hydraulig-gr“gas (e.g. air, SFg, helium) test pressure corresponding to 2,0

east 1 min._Nq-failure shall occur.

e testsdo not apply to heat or cold shrink accessories or to accessories taped
ed on-site.

e test

given

ure in
ature,
MSP

hnd/or

NOTE

ct with

T H Loti £ folriaatad H s £ 4L tatloot HOH 4 4
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the cable insulation-and or are necessary to control the electric stress distribution in the accessory. Examples are
pre-moulded or precast elastomer or filled epoxy resin insulating components that-may can be used singly or jointly
to provide the necessary insulation or screening of accessories.

9.2

Partial discharge test

The partial discharge test shall be carried out in accordance with IEC 60885-3 for cables;-except
that and the sensitivity as defined in |IEC 60885-3 shall be 10 pC or better. Testing of
accessories follows the same principles, but the sensitivity shall be 5 pC or better.

The test voltage shall be raised gradually to, and held at, 1,75 U, for 10 s and then slowly
reduced to 1,5 U, (see Table 4, column 5).
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There shall be no detectable discharge exceeding the declared sensitivity from the test object
at 1,5 Uj.

9.3 Voltage test

The voltage test shall be made at ambient temperature using an alternating test voltage at
power frequency.

The test voltage shall be raised gradually to 2,5 U, (see Table 4, column 4) and then be held
for 30 min between the conductor and metal screen/sheath.

No bréakdown of the insulation shall occur.

9.4 Electrical test on oversheath of the cable

When|the test is required by the particular contract, the cable oversheath shalbbe subjegted to
the eléctrical test specified in Clause 3 of IEC 60229:2007.

10 Sample tests on cables

10.1 |General

The fdllowing tests shall be carried out on samples whichy/for the tests in items b) and g, may
be complete drum lengths of cable, taken to represent.batches:

a) copductor examination (see 10.4);

b) megasurement of electrical resistance of conductor and of metal screen (see 10.5);
c) magasurement of thickness of insulation and oversheath (see 10.6);

d) mgasurement of thickness of metal sheath (see 10.7);

e) megasurement of diameters, if required (see 10.8);

f) ho} set test for XLPE, EPR and:HEPR insulations (see 10.9);

g) mgasurement of capacitance (see 10.10);

h) megasurement of density of HDPE insulation (see 10.11);

i) lightning impulse_Voltage test for a cable with calculated nominal electrical strgss at
cophductor-stress 'screen > 8,0 kV/mm when calculated according to Clause 6, item r) (see
10112);

j) wdqter penetration test, if applicable (see 10.13);

k) tegts om components of cables with a longitudinally applied metal tape or foil, bonded|to the
oversheath (see 10.14).

10.2 Frequency of tests

The sample tests in items a) to h) and k) of 10.1 shall be carried out on one length from each
batch (manufacturing series) of the same type and cross-section of cable, but shall be limited
to not more than 10 % of the number of lengths in any contract, rounded to the nearest whole
number.

The frequency of the tests in items i) and j) of 10.1 shall be in accordance with agreed quality
control procedures. In the absence of such an agreement, one test shall be made for contracts
with a cable length greater than 20 km.

10.3 Repetition of tests

If the sample from any length selected for the tests fails in any of the tests in 10.1, further
samples shall be taken from two further lengths of the same batch and subjected to the same
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tests as those in which the original sample failed. If both additional samples pass the tests, the
other cables in the batch from which they were taken shall be regarded as having complied with
the requirements of this document. If either fails, this batch of cables shall be regarded as

having failed to comply.

10.4 Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction, or the de
construction, shall be checked by inspection and measurement when practicable.

10.5 Measurement of electrical resistance of conductor and metal screen

clared

The cpble length, or a sample thereof, shall be placed in the test room, which sr‘lall be

maintgined at a reasonably constant temperature for at least 12 h before the test. If\the
doubtthat the conductor or metal screen temperature is not the same as the room tempe
the registance shall be measured after the cable has been in the test room for 24 h-’Altern
the registance can be measured on a sample of conductor or metal screens;\eonditioned

rrected DC resistance of the metal secreen at 20 °C shall not exceed the declared

10.6 |Measurement of thickness of cable insulation and oversheath

10.6.1 General

(e is a
ature,
ptively,
for at

20 °C
8. For
p shall

priate
m DC
pf the

value.

The tpst method shall be in/ accordance with—Clause 8 of IEC 80844-1-1:1993 ghd its

Amenfiment1+:2004 IEC 6Q811-201 for the insulation. For the oversheath the test met
accordance with IEC 60831-202:2012 and IEC 60811-202:2012/AMD1:2017 shall be a
excepf that for sheaths;where the underlying surface is not irregular the measurement
made |with a micrometer having a ball nose radius of 2,5 mm to 3 mm. The accuracy
micrometer shalf)be £0,01 mm.

Each ¢able-length selected for the test shall be represented by a piece taken from one en
having discarded, if necessary, any portion that may have suffered damage.

hod in
plied,
ay be
of the

N after

In 10.6 the following symbols are used:

t is the maximum measured thickness, in mm;

max

¢ is the minimum measured thickness, in mm;

min

t is the nominal thickness, in mm.

n
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10.6.2 Requirements for the insulation

Thedewest minimum measured thickness shall not-fall-belew be less than 90 % of the nominal
thickness:

trmin 2 0,90 £,

toax —Imi
and additionally: -max__min. <15

tm ax

where]
p _ . hick | i ;

&y

NOTE | ¢ and ¢,.,..—are shall be measured at the same cross-section of.the insulation.

max min

The thickness of the semi-conducting screens on the conductor{and over the insulatiofn shall
not beg included in the thickness of the insulation.

10.6.3 Requirements for the cable oversheath

The-ddwest minimum measured thickness shall not-falbelow be less than 85 % of the npminal
thickngss-by-mere-than minus 0,1 mm:

20,85 1, - 0,1

Imin
where]
tmin—{-the-mintmum-thickness inallllmetres;
¢ inalthick K - .

In addition, for oversheaths applied onto a substantially smooth surface, the average |of the
measured values rounded*to 0,1 mm-in—accordance—with-Annex-B shall be not less than the
nomingl thickness.

The Igtter requifrement does not apply to oversheaths applied onto an irregular surface], such
as ong formed by metal screens of wires and/or tapes or corrugated metal sheath.

10.7 |Measurement of thickness of metal sheath

10.7.1 General

The following tests apply if the cable has a metal sheath of lead, lead alloy, copper or aluminium.
Foils which are applied for radial watertightness purposes only are excluded from these tests.

In 10.7 the following symbols are used:

t is the minimum measured thickness, in mm;

min

¢ is the nominal thickness, in mm.

n
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10.7.2 Lead or lead alloy sheath

10.7.2.1 General

The minimum measured thickness of the sheath shall not-fall-below be less than 95 % of the
nominal thickness-by-mere-than minus 0,1 mm:

tmin 2 0,95 ¢, - 0,1

The thickness of the sheath shall be measured by one of the following methods, at the discretion
of the manufacturer.

10.7.2.2 Strip method
The asurement shall be made with a micrometer with plane faces of 4 mm te-8.mm digmeter
and—gtaeee-ﬁaey—e%gTOJ—mm. The accuracy of the micrometer shall be 0,0\ hYm.

The mleasurement shall be made on a test piece of sheath about 50 mmyin‘length removef from
the completed cable. The piece shall be slit longitudinally and carefully‘ftattened. After cl¢aning
the tes$t piece, a sufficient number of measurements shall be made along the circumferepce of

the shieath and not less than 10 mm away from the edge of thg flattened piece to ensufe that
the minimum thickness is measured.

10.7.2.3 Ring method

The nmleasurements shall be made with a micrometéer having either one flat nose and one ball
nose, pr one flat nose and a flat rectangular nose40,8 mm wide and 2,4 mm long. The baTI nose
or thel| flat rectangular nose shall be applied to, the inside of the ring. The accuracy |of the
micrometer shall be £0,01 mm.

The measurements shall be made on aring of the sheath carefully cut from the samplg. The
thickngss shall be determined at a sufficient number of points around the circumference|of the
ring tq ensure that the minimum thickness is measured.

10.7.3 Plain-orcorrugated-Copper or aluminium sheath

The nfinimum measureekthickness of the sheath shall not-fal-belew be less than 90 % |of the
nominpl thickness-bysmere-than minus 0,1 mm for-plain a non-corrugated copper or aluminium
sheath:

20,91, -0,1

Imin

and npiN&ss than 85 % of the nominal thickness-by-mere-than minus 0.1 mm for a corrlgated
copper or aluminium sheath:

trmin 2 0,85 £, = 0,1

The measurements shall be made with a micrometer having ball noses of radii about 3 mm. The
accuracy shall be £0,01 mm.

The measurements shall be made on a ring of the sheath, about 50 mm wide, carefully removed
from the complete cable. The thickness shall be determined at a sufficient number of points
around the circumference of the ring to ensure that the minimum thickness is measured.
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10.7.4

Metal tape for CD design

The minimum measured thickness of the metal tape shall not be less than 90 % of the nominal
thickness:

Lmin 20,9 Iy

The measurements shall be made with a micrometer having ball noses of radii about 3 mm. The
accuracy shall be +0,01 mm.

carefu
points
thickn

10.8
If the

shall 4
1119

10.9
10.9.1
The s§

2-1+19
Table

The t¢g
is con

10.9.2

The tg

10.10

The ¢
tempe

The m
the d¢

Ily removed from the complete cable. The thickness shall be determined at a nux]

BSs is measured.

Measurement of diameters

burchaser requires that the diameter of the core and/or the overall-diameter of the
e measured, the measurements shall be carried out in accordance with-8-3-ef tEC-4
93-and-Amendment 12001 |[EC 60811-203.

Hot set test for XLPE, EPR and HEPR insulations
Procedure
mpling and test procedure shall be carried outin*accordance with-Clause- 9 of IEC

98 and-Amendment—1:2004 IEC 60811-507, employing the test conditions gi
8.

st pieces shall be taken from that part'of the insulation where the degree of cross-
sidered to be the lowest for the curing process employed.

Requirements

st results shall comply with the requirements given in Table 8.

Measurement of capacitance

rature, and the ambient temperature shall be recorded with the test data.

easured value of the capacitance shall be corrected to a 1 km length and shall not €
clared nominal value by more than 8 %.

10.11
10.11.

Measurement of density of HDPE insulation

1 Procedure

wide,
ber of

around the circumference and on the side ends of the ring to ensure that thesxminimum

cable

en in

inking

hpacitance shall be measured between conductor and metal screen/sheath at agbient

xceed

The density of HDPE shall be measured using the sampling and test procedure given in
Clause-8-oflEC60811-1-3:1993-and-Amendment-1:2004 IEC 60811-606.

10.11.

2 Requirements

The results of the test shall comply with the requirements given in Table 8.

10.12

Lightning impulse voltage test

This test is only required for cables with a nominal electric conductor stress > 8,0 kV/mm.
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The test shall be performed on a complete cable at least 10 m in length excluding test
accessories, at a conductor temperature 5 Kto 10 K above maximum conductor temperature in
normal operation.

The assembly shall be heated by conductor current only, until the cable conductor reaches the
required temperature.

NoTFE If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation may be applied. The conductor temperature shall be maintained within the stated
temperature limits for at least 2 h.

The lightning impulse voltage shall be applied, according to the procedure given in IEC 0230,
while fhe conductor temperature is within the limits stated above. The cable shall withstand
withoyt failure 10 positive and 10 negative voltage impulses of the appropriate valu€e given in
Table |4, column 8.

No brgakdown of the insulation shall occur.

10.13 |Water penetration test

H-applicable If longitudinal water blocking measures are employed)in the cable, sample$ shall
be taken from the complete cable, the test shall be applied and\the requirements shall e met
as degcribed in 12.5.15.

10.14|Additional tests on components of cables with-a longitudinally applied metal tape
or foil, bonded to the oversheath

For cables with a longitudinally applied metaltape or foil bonded to the oversheath,[a 1 m
sample shall be taken from the complete cableand subjected to the tests and requiremgnts in
12.5.16.

11 Sample tests on accessories

11.1 |Tests on componentsof'accessory

The characteristics of each.component shall be verified in accordance with the specifigations
of the|l accessories manufacturer, either through test reports from the supplier of a|given
compgnent or through internal tests.

The mlanufacturer of a given accessory shall provide a list of the tests to be performed o each
compgnent,_indicating the frequency of each test.

The components shall be inspected against their drawings. There shall be no deviation gqutside
the declared tolerances.

NOTE As components differ from one supplier to another, it is not possible to define common sample tests on
components in this document.

11.2 Tests on complete accessory

For accessories where the main insulation cannot be routine tested (see 9.1), the following
electrical tests shall be carried out by the manufacturer on a fully assembled accessory:

a) partial discharge test (see 9.2);
b) voltage test (see 9.3).

The sequence in which these tests are carried out is at the discretion of the manufacturer.
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NOTE Examples of main insulations that are not routine tested are heat shrink insulations and insulations taped
and/or moulded on site.

These tests shall be performed on one accessory of each type per contract if the number of that
type in the contract is above 50.

If the sample fails either of the above two tests, two further samples of the same accessory type
shall be taken from the contract and subjected to the same tests. If both additional samples
pass the tests, the other accessories of the same type from the contract shall be regarded as
having complied with the requirements of this document. If either fails, this type of accessory
of the contract shall be regarded as having failed to comply.

12 Type tests on cable systems

12.1 |General

The tgsts specified in Clause 12 are intended to demonstrate the satisfactory performahce of
cable pystems.

Once successfully completed, type tests need not be repeated, unle§s;changes are made|in the
cable pr accessory with respect to materials, manufacturing process, design or design eldctrical
stress|levels, which might adversely change the performance ¢h@aracteristics.

A-tablp-of- the-subelause The clause references to be considered during a type test on a cable
system is given in Annex C, Table C.1.

Type {ests on gas immersed cable terminations forruse at system voltages above 52 kY shall
be cafried out according to IEC 62271-209 in addition to the tests specified in this document.

Additipnal electrical type tests are required in IEC 62271-209, for the case where tHe gas
immernsed termination insulator is to be siypplied to the switchgear manufacturer, to demorstrate
that the termination can meet the switehgear routine and on-site tests.

NOTE It can be convenient to carrmpeat these additional tests using the same cable and insulator as erhployed
for the gable system type test givenlinjthis document.

NOTE 4 Tests on terminations-referring-to-environmental-conditions under extraneous precipitation or pollution are

not spetkified in this document:
12.2 |Range of type.approval

When|type tests have been successfully performed on one or more cable system(s) of specific
cross-section(s), and of the same rated voltage and construction, the type approval shall be
considered_as valid for cable systems within the scope of this document with other [cross-
sectiops,‘rated voltages and constructions, provided that all the following conditions of §) to f)
are met:

NoTE1 Type tests which have been successfully performed according to the previous edition of
this document are valid.
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TITOTTOTOT TV

HH et t t
haccorv interfaces do no
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T‘*’* &
a) THe voltage group is not higher than that of the tested cable system(s). Ca}a&) systems of
th

same voltage group are those of rated voltages having a common va@ f Uy, Highest
voJtage for equipment, and the same test voltage levels (see Table 4, gj{dmn 1 and p).

b) Thle conductor cross-section is not larger than that of the tested ca%%‘

c) Thle cable and the accessories have the same or similar constru@\s as those of the ftested
caple system(s). Q
Cgbles and accessories of similar construction ar%&fse of the same typ¢ and

[V

mgnufacturing process of insulation and semi-conductingyscreens.

Rgpetition of the electrical type tests is not necess on account of the differences|in the
cohductor or connector type or material or of the p@t ctive layers applied over the screened
cofes or over the main insulation part of the aggessory, unless these are likely to Have a
significant effect on the results of the test. In s&%ﬁnstances, it may be appropriate to fepeat
onk or more of the type tests (e.g. bending t&st, heating cycle test and/or compatibility test).

d) The calculated nominal electrical str ss\'and the impulse voltage stress at the|cable
copductor screen calculated using inal dimensions do not exceed the resgective
calculated stresses of the tested cable system(s) by more than 10 %.

e) The calculated nominal elect iEQ stress and the impulse voltage stress at the|cable
inqulation screen calculate sing nominal dimensions do not exceed the resgective
calculated stresses of thqus ed cable system(s).

f) Thle calculated nominakelectrical stresses and the impulse voltage stresses calculated using
nominal dimension in the main insulation parts of the accessory and at the cabje and
acfessory interfa do not exceed the respective calculated stresses of the tested| cable
system(s). .

g) For plug-in bushings, full compliance is given only with the combination of the blishing
anfd sepa e connector and cable used in the type test.

Usler @b uld be aware that separable connector performance and compatibility shall be
ch if the bushing installed in the separable connector is different from that uged for
theTnsulated termination qualiication.

For the extension of compliance to other combinations of separable connectors and
bushings, in order to ensure an interchangeability of bushings, it is appropriate to repeat
one or more of the electrical type tests (e.g. partial discharge test).

The type tests on cable components (see 12.5) only need to be carried out on samples from
cables of different voltage ratings and/or conductor cross-sectional areas if different materials
and/or different manufacturing processes are used to produce them. However, repetition of the
ageing tests on pieces of completed cable to check compatibility of materials (see 12.5.5)-may
bereguired is to be mutually agreed with the client if the combination of materials applied over
the screened core is different from that of the cable on which type tests have been carried out
previously.
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A type test certificate signed by the representative of a competent withessing body, or a report
by the manufacturer giving the test results and signed by the appropriate qualified officer, or a
type test certificate issued by an independent test laboratory, shall be acceptable as evidence
of type testing.

12.3 Summary of type tests

The type tests shall comprise the electrical tests on the complete cable system as specified in
12.4, and the appropriate non-electrical tests on cable components and completed cable
specified in 12.5.

The npr-elestrical-tests—on—ecable—cempenen i i e15 and
Table|9, |nd|cat|ng WhICh tests are apphcable to each insulation and oversheath mgteri
compg und The tests under fire conditions are only required if the manufacturer wishes’tg cla|m
compllance with these tests as a special feature of the design of the cable.

The tests listed in 12.4.2 shall be performed on one or more samples of,Complete |cable,
depending on the number of accessories involved, at least 10 m in length excluding the
accessories.

The minimum length of free cable between accessories shall be 5 m.

The apcessories shall be installed after the bending test on‘the cable. One sample of each
accessory type shall be tested.

Cable|and accessories shall be assembled in the.manner specified by the manufacfurer's
instrugtions, with the grade and quantity of materials supplied, including lubricants if any|.

The ekternal surface of accessories shall be*'dry and clean, but neither the cables njor the
access$ories shall be subjected to any formyof conditioning not specified in the manufacfurer's
instrugtions which might modify the electrical, thermal or mechanical performance.

During
can-be

t
t

a
A3

fal
B

Measyrement of resistivity of semi-conducting screens described in 12.4.9 shall be madp on a
separate sample.

12.4 |Electricaltype tests on-complete cable systems

12.4.1 Test voltage values

Prior tothe_electrical tyne tests the insulation thickness of the cable shall be measured y the
method specified |n—8—1—ef—LEG—69844-4-4—1—99-3—and—AmendmenH—2QQ4 I[EC 60811-201 on a
representative-piece-of sample taken from the length to be used for the tests, to check that the
average thickness is not excessive compared with the nominal value.

If the average thickness of the insulation does not exceed the nominal value by more than 5 %,
the test voltages shall be the values specified in Table 4 for the rated voltage of the cable.

If the average thickness of the insulation exceeds the nominal value by more than 5 % but by
not more than 15 %, the test voltage shall be adjusted to give an electrical stress at the
conductor screen equal to that applying when the average thickness of the insulation is equal
to the nominal value and the test voltages are the normal values specified for the rated voltage
of the cable.
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The cable length used for the electrical type tests shall not have an average insulation thickness
exceeding the nominal value by more than 15 %.

12.4.2 Tests and sequence of tests
The tests in items a) to h) shall be made in the following sequence:

a) bending test on the cable followed by visual inspection, where applicable, (see 12.4.3)
followed-by and installation of the accessories and a partial discharge test at ambient
temperature (see 12.4.4);

b) tan 6 measurement (see 12.4.5);

NOFE4+ This test may be carried out on a different cable sample taken from thelsame
mgnufacturing batch, with-speeial test terminations which may be different from thos¢ used
forfthe remainder of the sequence of tests.

c) hepting cycle voltage test (see 12.4.6);
d) partial discharge tests (see 12.4.4);

— | at ambient temperature, and

— | at high temperature.

Thie tests shall be carried out after the final cycle of item c) above or, alternatively, afierthe

Hgptring-impulse-voltage-testin item e) below;

e) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7));

f) partial discharge tests, if not previously carried outdnyitem d) above;

NOIFE 3 |f the cable-and |n|ni are-notto-be subiected towet conditions—in-service /| e not-directly ried—in
N SRy t ROtGt ty—bpHea—+h

eath-ornot |nh:rmannH\1 or hnnhnnnuel\l immétsed-in uugh:r\ the tests-in Clause G-3 Qnrl G 42 mav-be dmitted
o radsS -4 ay-dbe-pritted:

g) adfitional tests for accessories (see Annex H);

h) expmination of the cable system with cable and accessories on completion of the jabove
tegts (see 12.4.8);

i) the resistivity of the cable“semi-conducting screens (see 12.4.9) shall be measured on a
separate sample.

Test vpltages shall bé in‘accordance with the values given in the appropriate column of Table 4.

12.4.3 Bendingtest

The cble sample shall be bent around a test cylinder (for example the hub of a cable drum)
n. The

This cycle of operations shall be carried out three times in total.

The nominal diameter of the test cylinder shall-ret be-greater-than:
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3) foi

th¢ oversheath:

4) fol

where
d is
D is
Dy is

The tq

Smallg¢r bending diameters may be used at the discretion of the manufacturer.

In the
Annex

cables with non-corrugated copper or non-corrugated aluminium sheaths:
36 (d + D) for single-core cables;

25 (d + D) for three-core cables;

cables with lead, lead-alloy or corrugated metal sheaths:

25 (d + D) for single-core cables;

20 (d + D) for three-core cables;

cables with longitudinally applied metal tape or foils (oveptapped or welded) bon

20 (D + d) for CD,

25 (D + d) for SD and CD + wires,
10 Dg for SscD.

other cables:

20 (d + D) for single-core cables;

15 (d + D) for three-core cables;

he nominal diameter of theNéonductor, in mm (see Clause 6, item j));
he nominal overall diamieter of the cable, in mm (see Clause 6, item k));

he nominal diameterof the metal screen/sheath layer, in mm.

lerance for thg diameter of the test cylinder is -0 % + 5 % of the nominal dia

case @f.gables with a laminated metal tape or foil, a visual examination accord
G, elause G.1 shall be carried out, after completion of the three bending cycles.

Hed to

meter.

ing to

12.4.4

B artiat-disct |

The tests shall be performed in accordance with IEC 60885-3, the sensitivity being 5 pC or

better.

The test voltage shall be raised gradually to and held at 1,75 U, for 10 s and then slowly
reduced to 1,5 U, (see Table 4, column 5).

When performed at high temperature, the test shall be carried out on the assembly at a cable
conductor temperature 5 Kto 10 K above the maximum cable conductor temperature in normal
operation. The conductor temperature shall be maintained within the stated temperature limits
for at least 2 h. The assembly shall be heated by conductor current onlyuntitthe-cablereaches

Hhosoenisosbomena o,
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NoTE If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation may be applied.

There shall be no detectable discharge exceeding the declared sensitivity from the test object
at 1,5 Uj.

12.4.5 Tan 6 measurement

The sample shall be heated by conductor current only and the temperature of the conductor
determined either by measuring its resistance or by temperature sensors on the surface of the
screen/sheath, or by temperature sensors on the conductor of another sample of the same
cable feated by the same means.

The sample shall be heated until the conductor reaches a temperature which shall~be 6 K to
10 K gbove the maximum conductor temperature in normal operation.

NoTE |If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation may be applied.

The conductor temperature shall be maintained within the stated temperature limits for af least
2 h.

The tan ¢ shall then be measured at a power frequengy ‘voltage of U, at the tempdrature
specifled above (see Table 4, column 6).

The measured value shall not exceed the value given in Table 3.

12.4.¢ Heating cycle voltage test

The cpable shall have a U-bend with a diameter not greater than the test cylinder diameter,
includ|ng the +5 % tolerance, as specified in 12.4.3.

The agsembly shall be heated.by conductor current only, until the cable conductor reaghes a
steady temperature 5 K to 10(K;above the maximum conductor temperature in normal opgration.

NoTE1 If, for practicalreasons, the test temperature cannot be reached, additional thermal
insulation may be applied. The heating shall be applied for at least 8 h. The confuctor
temperature shall be.maintained within the stated temperature limits for at least 2 h of each
heating period./This shall be followed by at least 16 h of natural cooling to a congductor
temperature less'than or equal to 30 °C or within 10 K of ambient temperature, whichevel is the
highen. Thesconductor current during the last 2 h of each heating period shall be recorddd.

The cycle’of heating and cooling shall be carried out 20 times

During the whole of the test period, a voltage of 2 U, shall be applied to the assembly (see
Table 4, column 7).

NOoTE2 Heating cycles with a conductor temperature higher than 10 K above the maximum
conductor temperature in normal operation are considered valid.

Interruption is allowed during the test, provided at least 20 valid heating cycles, with applied
voltage, are completed.
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12.4.7 Lightning impulse voltage test followed by a power frequency voltage test

The assembly shall be heated by conductor current only, until the cable conductor reaches a
steady temperature 5 Kto 10 K above the maximum conductor temperature in normal operation.

The conductor temperature shall be maintained within the stated temperature limits for at
least 2 h.

NoTFE If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation may be applied. The lightning impulse voltage shall be applied, according to the
procedure given in IEC 60230, while the conductor temperature is within the limits stated above.

The agsembly shall withstand without failure or flashover 10 positive and 10 negative-vpltage
impulges of the appropriate value given in Table 4, column 8.

After fhe lightning impulse voltage test, the assembly shall be subjected to alpower frequency
voltage test at 2,5 U, for 15 min (see Table 4, column 9). At the discretion.of the manufagturer,

this test may be carried out either during the cooling period or at ambienttemperature.
No brg¢akdown of the insulation or flashover shall occur.

12.4.8 Examination
12.4.8.1 Cable and accessories

Examination of the cable by dissection of a sample.and, whenever possible, of the accesgsories
by dismantling, with normal or corrected vision without magnification, shall reveal no signs of
deteripration (e.g. electrical degradation, leakage, corrosion or harmful shrinkage) which could
affect the system in service operation.

NOTE |Additional guidance on the examination gfieable and accessories is given in informative Annex J.

12.4.8.2 Cables with a longitudinally applied metal tape or foil, bonded to the
oversheath

A 1 mlsample shall be taken, from the U-bend part of the cable length and subjected to th¢ tests
in 12.5.16.

12.4.9 Resistivity of semi-conducting screens
12.4.91 General

MeasUyrement of resistivity of the cable semi-conducting screens shall be made on-a-separate
sample §amples from the same manufacturing batch as the cable under test.

The resistivity of extruded semi-conducting screens applied over the conductor and over the
insulation shall be determined by measurements on test pieces taken from the core of a sample
of cable as manufactured, and a sample of cable which has been subjected to the ageing
treatment to test the compatibility of component materials specified in 12.5.5.

12.4.9.2 Procedure

The test procedure shall be in accordance with Annex D.

The measurements shall be made at a temperature within +2 K of the maximum conductor
temperature in normal operation.
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12.4.9.3 Requirements
The resistivity, both before and after ageing, shall not exceed the following values:

— conductor screen: 1 000 Om;
— insulation screen: 500 Qm.

12.5 Non-electrical type tests on cable components and on complete cable
12.5.1 General

The tests are as follows:

a) cthk of cable construction (see 12.5.2);

b) tegts for determining the mechanical properties of insulation before and after ageing
(see 12.5.3);

c) tegts for determining the mechanical properties of oversheaths beforeyand after ageing
(sge 12.5.4);

d) agping tests on pieces of complete cable to check compatibility of-hraterials (see 12.5.5);
e) logs of mass test on PVC oversheaths for type ST, (see 12.5.6);
f) pressure test at high temperature for oversheaths (ST, ST 5T, and ST,,) (see 12.5.7);
g) tegts for PVC and LSHF oversheaths (ST4, ST,, ST,,) atllow temperature (see 12.5.B);

h) hept shock test for PVC oversheaths (ST, and STy)\(see 12.5.9);

i) ozpne resistance test for EPR and HEPR insulatiens (see 12.5.10);
j) hot set test for EPR, HEPR and XLPE insulations (see 12.5.11);

k) megasurement of density for HDPE insulation (see 12.5.12);

I) mepsurement of carbon black content for'black PE oversheaths (ST5 and ST5) (see 12]5.13);
m) tegt under fire conditions (ST,, ST and ST,,) (see 12.5.14);

n) water penetration test (see 12.5:15);

0) tegts for components of cables with a longitudinally applied metal tape or foil, bonded|to the
oversheath (see 12.5.16);

p) shrinkage test for REy}"HDPE and XLPE insulations (see 12.5.17);
q) shrinkage test for'\PE and LSHF oversheaths (ST3, ST, and ST,,) (see 12.5.18);

r) defermination“ef hardness for HEPR insulation (see 12.5.19);
s) defermination of the elastic modulus for HEPR insulation (see 12.5.20)

12.5.2 -“Check of cable construction

The examination of the conductor and measurements of insulation, oversheath and metal
sheath thicknesses shall be carried out in accordance with 10.4, 10.6 and 10.7, and shall comply
with the requirements given therein.

12.5.3 Tests for determining the mechanical properties of insulation before and after
ageing

12.5.3.1 Sampling

Sampling and preparation of test pieces shall be carried out in accordance with—9-4—of
|EC 80811-1-1:1993 and—Amendment—1:2004 IEC 60811-501:2012 and IEC 60811-
501:2012/AMD1:2018.
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12.5.3.2 Ageing treatment

The ageing treatment shall be carried out in accordance with-8-4eof lEC 608114-1-2:1985 and
Amendment1+:1989-and-Amendment2:2000 |[EC 60811-401 under the conditions specified in
Table 6.

12.5.3.3 Conditioning and mechanical tests

Conditioning and measurement of mechanical properties shall be carried out in accordance with
91 of IEC 608441414985 IEC 60811-501:2012 and IEC 60811-501:2012/AMD1:2018, except
that:

a) it |s not compulsory to carry out tensile tests on the aged and unaged test piefes in
immediate succession and

b) any suitable measuring instrument may be used, e.g. a micrometer.
12.5.3.4 Requirements

The tgst results for unaged and aged test pieces shall comply with the\requirements given in
Table |6.

12.5.4 Tests for determining the mechanical properties of.-oversheaths before ang
after ageing

12.5.4.1 Sampling

Sampling and preparation of test pieces shall be“carried out in accordance with-—pP-2—of
: M[EC 60811-501:2012 and IEC 40811-

501:2 12/AMD1 :2018.

12.5.4.2 Ageing treatment

The ageing treatment shall be carried-out in accordance with-8-4-of {EC60811-1-2:1985-and
Amenglment—1:-1989—and-Amendment22:2000 |IEC 60811-401 under the conditions giyen in
Table]|7.

12.5.4.3 Conditioning and ' mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out in accorfdance
with-912-of IEC-60814-1-1:-1993-and-Amendment-1+:2004 |IEC 60811-501:2012 and IEC §0811-
501:2012/AMD1:20%8, except that:

a) it Js not dompulsory to carry out tensile tests on the aged and unaged test piefes in
immedidate*succession and

b) any.Sditable measuring instrument may be used, e.g. a micrometer.

12.5.4.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in
Table 7.

12.5.5 Ageing tests on pieces of complete cable to check compatibility of materials
12.5.5.1 General

The ageing test on pieces of completed cable shall be carried out to check that the insulation,
the extruded semi-conducting-tayers screens and the oversheath are not liable to-detericrate
excessively excessive deterioration in operation due to contact with other components in the
cable.

The test is applicable to cables of all types.
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12.5.5.2 Sampling

Samples for the test on insulation and oversheath shall be taken from the completed cable as
described in—8-4-
IEC 60811-401.

12.5.5.3 Ageing treatment

The ageing treatment of the pieces of cable shaII be carried out in an air oven, as described in
)89 2000 |[EC 60811-401,

under the following condltlons

— termperature: (10 £ 2) K above the maximum conductor temperature of the cable in normal
operation (see Table 1);

— dufation: 7 x 24 h.
12.5.5.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cableshall be prepargd and
subjegted to mechanical tests as described in-8-4-4of IEC 60811-1-2:1985-and-Amendment
41989 and-Amendment2:2000 IEC 60811-401.

12.5.9.5 Requirements

The vriations between the median values of tensile stfength and elongation at break after
ageing and the corresponding values obtained without.ageing (see 12.5.3 and 12.5.4) shjall not
exceef the values applying to the test after ageing in an air oven given in Table 6 for insulations

12.5.60 Loss of mass test on PVC oversheaths of type ST,

12.5.6.1 Procedure

b084-1-
ditions

given n Table 9.

12.5.6.2 Requirements

The rgsults shall camply with the requirements given in Table 9.

12.5.7] Pressure test at high temperature on oversheaths

12.5.7.1 Procedure

The pressuretestattightemperaturefor ST1, §75, ST7=amd oT12 overstreathsshattbeTarried

IEC 60811-508: 2012 and IEC 60811 508 2012/AMD1 2017 except that

a) either an oven with natural air circulation or one with fan assisted circulation may be
used. In the latter case better temperature control is possible, however the test sample
shall not be subjected to vibration, and

b) if the oversheath is solidly bonded to a metal sheath then the oversheath shall not be
removed from the metal sheath but shall be tested as if the metal sheath were the
mandrel. The metal sheath shall be supported so that it is not deformed during the test.

employing The test conditions given in the test method and Table 7 shall be used.
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12.5.7.2 Requirements

The results shall comply with the requirements given in—82eof lEC 60811-3-1:1985 and
Amendment1:1994-and-Amendment 2:2004 Table 7.

12.5.8 Test on PVC oversheaths (ST4 ST,) and LSHF oversheaths (ST4,) at low
temperature
12.5.8.1 Procedure

Fhe-test-atlow-temperaturefor-ST,-and-ST,-oversheaths—shall-be-carried-out-as-desecribed-in
Clause8 of 1EC 80811.1.4-108 100 : loving

The test at low temperature for ST4, ST, and ST, oversheaths shall be carried outas desfcribed
in IEC|60811-505 and IEC 60811-506, employing the test temperature given {n, Fable 9.
12.5.8.2 Requirements

The fesults of the test shall comply with the reqwrements given in—Clausd-8—of
i 19 ) : IEC 60811-506 and

12.5.9 Heat shock test for PVC oversheaths (ST, and ST,)

12.5.9.1 Procedure

The Heat shock test on ST, and_ ST, oversheaths shall be carried out as descrilped in
IEC 60811-509, the test temperature”and duration being in accordance with Table 9.

12.5.9.2 Requirements

The rgsults of the test shall comply with the requirements given in-9-2-of{EC60841+-3-1:1985
cre i ondmont O ond A mondinont 220040 T able O,

12.5.10 Ozone‘resistance test for EPR and HEPR insulations

12.5.10.1 Procedure

EPR gnd*HEPR insulations shall be tested for resistance to ozone using the sampling and test
procedure described in-Clause-8of I1EC 60811-2-1:-1998 and-Amendment-1:2004 [EC 60811-
403. The ozone concentration and test duration shall be in accordance with Table 8.

12.5.10.2 Requirements

The results of the test shall comply with the requirements given in—Clause 8 of
IEC - 680811-2-1:1998 and-Amendment 1:2004 Table 8.

12.5.11 Hot set test for EPR, HEPR and XLPE insulations

EPR, HEPR and XLPE insulations shall be subjected to the hot set test described in 10.9 and
shall comply with its requirements.
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12.5.12 Measurement of density of HDPE insulation

The density of HDPE insulation shall be measured in accordance with 10.11 and shall comply
with its requirements.

12.5.13 Measurement of carbon black content of black PE oversheaths (ST; and ST;)

12.5.13.1 Procedure

The carbon black content of ST; and ST, black oversheaths shall be measured using the
sampling and test procedure described in—Clause 14+ of 1EC 60811-4-1:2004 |[EC 60811-

605:2042, except that after the final heating stage (in which the remaining carbon is hlll"l"‘t), the
sample shall not be allowed to cool in the test assembly but shall be cooled in a desj¢cator,
using the same procedure as used for the previous cooling stage (but with air or oxygen ipstead
of nitrpgen gas flow).

If thede is an extruded semi-conductive layer applied to the oversheath{)this shall pot be
includgd in the test sample.

12.5.13.2 Requirements

The npminal value of the carbon black content shall be (2,5 £ 0,56)%.

NOTE By agreement between manufacturer and customey’ Jower values are allowed for gpecial
applicptions not exposed to UV.

12.5.14 Test under fire conditions

12.5.14.1 General

Tests [shall be carried.qut following the relevant subclauses below, in accordance with the fire
performance claimedun Clause 6, item c).

12.5.14.2 Flame spread test on single cables

The telst ufidger fire conditions in accordance with IEC 60332-1-2 shall be carried out on a sample
of Conrpleted cable.

The results shall comply with the requirements given in Table 9.

If a failure is recorded, two more tests shall be carried out. If both tests result in passes, the
cable shall be deemed to have passed the test.

12.5.14.3 Test for vertical flame spread of vertically mounted cables

The test for vertical flame spread of vertically mounted cables shall be carried out in accordance
with IEC 60332-3-24, on samples of completed cable.

NOTE Higher performance to meet requirements of IEC 60332-3-22 or IEC 60332-3-23 can be agreed between
manufacturer and customer. The fire performance level achieved depends on cable design as well as material
performance.
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The results shall comply with the requirements given in Table 9.

12.5.14.4 Measurement of smoke density of cables under defined conditions

The test for measurement of smoke density of cables under defined conditions shall be carried
out in accordance with I[EC 61034-2:2005 and IEC 61034-2:2005/AMD1:2013 on a sample of
completed cable.

The results shall comply with the requirements given in Table 9.

12.5.14.5 Determination of acidity (by pH measurement) and conductivity of gases
[ _evolved during combustion of the oversheath

The tgst according to IEC 60754-2 shall be carried out on the oversheath of the cahle-
The rgsults shall comply with the requirements given in Table 9.

12.5.14.6 Determination of acidity (by pH measurement) and condugtivity of gases
evolved during combustion of the non-metallic materials’in the cable

This t¢st shall only be carried out if the test in 12.5.14.5 is also caryied out.

The tgst according to IEC 60754-2 shall be carried out on the non-metallic components|of the
cable.

The weighted values of pH and conductivity of the ‘cable shall be calculated according to
IEC 60754-2 and shall comply with the requireménts given in Table 9.

12.5.1|5 Water penetration test

The water penetration test shall be applied to those designs of cable where barripers to
longitddinal water penetration have been included as declared in Clause 6, item c) and Clause 6,
item f). The test is designed to meet‘the requirements for buried cables and is not intenfled to
apply fo cables which are constricted for use as submarine cables.

The tgst consists of two parts, one for the complete cable and all its design elements and one
for th¢ water penetratien®in the conductor. The apparatus, sampling, test procedure and
requirements shall beinraccordance with Annex E and Annex F.

12.5.16 Tests on-components of cables with a longitudinally applied metal tape or{foil,
bonded to the oversheath

The sTmple shall be subjected to the following tests:

a) visual examination (see Clause G.1);
b) adhesion and peel strength of the laminated metal foil (see Clause G.2);

The apparatus, test procedure and requirements shall be in accordance with Annex G.
12.5.17 Shrinkage test for PE, HDPE and XLPE insulations
12.5.17.1 Procedure

The shrinkage test shall be carried out on insulations of PE, HDPE-e+ and XLPE using the
sampling and test procedure described in-Clause40-of IEC 60811-1-3:1993 and-Amendment
4:2004 IEC 60811-502 and the conditions specified in Table 8.
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12.5.17.2 Requirements

The results of the test shall comply with the requirements given in Table 8.

12.5.18 Shrinkage test for PE oversheaths (ST;, ST;) and LSHF oversheaths (ST,,)

12.5.18.1 Procedure

The shrinkage test shall be carried out on PE oversheaths of ST; and ST, and on LSHF
oversheaths of ST,, using the sampling and test procedure described in—GClause41—of

IEC60811-1-3:1993 and-Amendment1:2004 |IEC 60811-503 and the conditions specified in
Table ~

12.5.1(8.2 Requirements

The rgsults of the test shall comply with the requirements given in Table 7.

12.5.19 Determination of hardness of HEPR insulation
12.5.19.1 Procedure

The sampling and test procedure shall be carried out in accordance with Annex I.

12.5.19.2 Requirements

The rgsults of the test shall comply with Table 8.

12.5.20 Determination of the elastic modulus of HEPR insulation
12.5.20.1 Procedure

Sampling, preparation of the test pieces and the test procedure shall be carried put in
accordance with-Clause-9-of IEC 608441-1-1:1993 and-Amendment 12004 IEC 60811-501:2012
and IHC 60811-501:2012/AMD1:2018.

The lgads required for 150 %(elongation shall be measured. The corresponding stresse$ shall
be calculated by dividing the.loads measured by the cross-sectional areas of the unstrg¢tched
test pleces. The ratios ofithe stresses to strains shall be determined to obtain the glastic
modulus at 150 % elongation.

The elastic modulus shall be the median value.

12.5.20.2 Requirements

The rgsults of the test shall comply with the requirements of Table 8.

13 Prequalification test of the cable system

13.1 General and range of prequalification test approval

When a prequalification test has been successfully performed on a cable system, it qualifies
the manufacturer as a supplier of cable systems of the same family with the same or lower
voltage ratings, as long as the calculated nominal electrical stresses at the cable insulation
screen are equal to or lower than for the tested cable system.

The prequalification test shall be performed on cable systems where the calculated nominal
electrical stresses at the conductor screen—will-be are higher than 8,0 kV/mm and/or at the
insulation screen higher than 4,0 kV/mm. The prequalification test shall be performed except:
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— if cable systems with the same construction and accessories of the same family have been
prequalified for an equal or higher rated voltage;

— or if the manufacturer can demonstrate good service experience with cable systems with
equal or higher calculated electrical stresses on the conductor and insulation screens, in
the main insulation part(s) and in boundaries of the accessories and of accessories of the
same family;

— orif the manufacturer has fulfilled the requirements of an equivalent long-term test following
a national or customer specification on a cable systems with the same construction and
accessories of the same family.

When a prequalified cable system is changed by exchanging a cable and/or accessory with

anoth igher
calculated nominal electrical stresses at the insulation screen of the subjected system, the
current prequalification shall be extended with this-eranether cable and/or accessarywhen the

requirements of 13.3 are all met.

When|a prequalified cable system is changed by using another cable and/on.accessory that is
not part of a prequalified cable system, or is already prequalified in another cable system with
lower [calculated nominal electrical stresses at the insulation screen-ofithe subjected system,
the pregqualification test on this new complete cable system shall be~performed by meeting all
requirements of 13.2.

A list of prequalification tests as well as extension of prequalification tests is given in Anpex C.

NoTE} The prequalification test need only be carried out once unless there is subsﬁantial
changp in the cable system with respect to material, manufacturing process, design or glesign
electrical stress levels.

NOTE 41 A substantial change is defined as that which.might adversely affect the performance of the cable pystem.
In this [case, the supplier-shoeuld—provide provides '@\ detailed case, including test evidence, if modificatipns are
introdug¢ed, which are claimed not to constitute a substantial change.

NOTE 43 H-isrecommended-to-ecarry—out A(prequalification test is carried out using a cable of a large conductor
cross-sgction in order to cover thermo-mechanical aspects.

A prequalification test certificate'signed by the representative of a competent witnessing| body,
or a r¢port by the manufacturer giving the test results and signed by the appropriate qualified
officer|, or a prequalification test certificate issued by an independent test laboratory shall be
accepfable as evidencé of prequalification testing.

13.2 |Prequalification test on complete system

13.2.1 Summary of prequalification tests

The pfequalification test shall comprise the electrical tests on the complete cable systei with
a miniks—e A—of—fuH-si A Hg—a o : o . The
minimum length of free cable between accessories shall be 10 m. The sequence of tests shall
be as follows:

a) heating cycle voltage test (see 13.2.4);
b) lightning impulse voltage test (see 13.2.5);
c) examination of the cable system after completion of the tests above (see 13.2.6).

It could be the case that one or more of the accessories do not fulfil all the requirements of the
prequalification tests in 13.2. After repair of the test assembly the prequalification tests may be
continued on the remaining cable system (cable with the remaining accessories). If all the
requirements of the tests in 13.2 are met by this remaining cable system, this remaining system
is prequalified. The accessory or accessories that did not fulfil the requirements are excluded
from this prequalification. However, the test may be continued for prequalification of the cable
with the replaced accessory until all requirements of 13.2 are met. If the manufacturer decides
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to include the repaired accessory in the cable system prequalification, the beginning of the
prequalification test of the complete system is considered to start after the repair.

13.2.2

Test voltage values

Prior to the prequalification test of the cable system, the insulation thickness of the cable shall
be measured and the test voltage values adjusted, if necessary, as stated in 12.4.1.

13.2.3

Test arrangement

Cable and accessories shall be assembled in the manner specified by the manufacturer’s

instructions with the grndn and r_\lnnnfify of materials enppliprl, inr‘luding lubricants if an
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J, joinf designed for rigid and flexible fixation

J, join{ designed for flexible installation only

Figure 1 — Example of the test arrangement for the prequalification test

13.2.4 Heating cycle voltage test

The agsembly shall be heated by conductor current only;, until the-eable conductor reag¢hes a
temperature 0 K to 5 K above the maximum conductor temperature in normal opefation.
Varialjle ambient conditions may require adjustment 6f the conductor current during the fest.

The he¢ating arrangements shall be selected so that the cable conductor attains the tempgrature
specifled above, remote from the accessories."The surface temperature of the cable shall be
recorded for information.

NoTFE4 If, for practical reasons, the.test temperature cannot be reached, additional thermal
insulation may be applied.

The heating shall be applied(for at least 8 h. The conductor temperature shall be maintained
within|the stated temperature.limits for at least 2 h of each heating period. This shall be fo|lowed
by at least 16 h of naturat-:cooling to a conductor temperature of less than or equal to 3( °C or
within|10 K of ambient temperature, whichever is the higher.

During the whol€af the test period, a voltage of 1,7 U, shall be applied to the assembly|

The cycle (ofyheating and cooling shall be carried out at least 180 times. Heating cycles |with a
conduftef Aemperature higher than 5 K above the maximum conductor temperature in pormal
opera fof—are—constdered—vatid: Iu'p to—a—maximtrof—46 byb:ca, H—witeh—the pcﬂud t hlgh
temperature is between 1 h and 2 h may also be counted as valid cycles. At least 180 valid
heating cycles, with applied voltage, shall be completed.

Interruption of the heating cycles or the test voltage is allowed during the test.

No breakdown shall occur.

NOTE-2 Partial discharge measurements are-recemmended preferred to provide an early warning of possible
degradation and to enable the possibility of a repair before failure.
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13.2.5 Lightning impulse voltage test

The test shall be performed on-ene

of 10-meutfrom the complete assembly W|th the cable conductor temperature O K to 5K above
the maximum conductor temperature in normal operation. The conductor temperature shall be
maintained within the stated temperature limits for at least 2 h.

NoTE2 If for practical reasons_the test temperature cannot be reached additional thermal
insulajion may be applied.

The impulse voltage shall be applied according to the procedure given in IEC 60230.

The tgst assembly shall withstand without failure 10 positive and 10 negative voltage impulses
of the [appropriate value given in Table 4, column 8.

13.2.6 Examination

The examination of the cable system (cable and accessories) @nd the requirements shall be as
stated|in 12.4.8.

13.3 |Tests for the extension of the prequalification of a cable system

13.3.1 Summary of the extension of prequalification test

The ektension of prequalification tests shalleomprise the electrical part of the tests ¢n the
complete cable system as specified in 13.3:2 and the non-electrical tests on the caple as
specifled in 12.5.

13.3.21 Electrical part of the extension of prequalification tests on complete cable
system

13.3.2.1 General

The tgsts listed in 13.3.2.3 shall be performed on one or more samples of complete cable|of the
already prequalified cable system, depending on the number of accessories involved. The
samplge of the cable system shall contain at least one accessory of each type that neged the
extengion of the,prequalification. The test may be performed in a laboratory and not necessarily
in a sifuation simulating the real installation conditions.

The minimum length of cable between accessories shall be 5 m. The minimum total cable Jength
shall he’20 m

Cable and accessories shall be assembled in the manner specified by the manufacturer’s
instructions, with the grade and quantity of materials supplied, including lubricants, if any.

If the prequalification of a joint is to be extended for use both in flexible and in rigid installations,
one joint shall be installed in a flexible configuration and the other one in a rigid configuration,
see Figure 2.

If the cable is part of the extension of prequalification, the test loop shall have a U-bend with a
diameter not greater than the test cylinder diameter, including the +5 % tolerance, specified in
12.4.3.
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With the exception of the provisions of 13.3.2.2 and the tan & measurement (see 13.3.2.3 d)),
alt the tests listed in 13.3.2.3 a) to j) shall be applied successively to the same sample. The
accessories shall be installed after the bending test on the cable.

Measurement of the resistivity of semi-conducting screens (see 13.3.2.3 k)) described in 12.4.9
shall be made on a separate sample from the same manufacturing batch of cable.

Measurement of the resistivity of semi-conducting screens is not required if the extension of

the

Key

1 ternpination
2 clegt

3 join

13.3.2.2 Test voltageivalues

prequalification is only for accessories.

IEC

Figure 2 — Example of extension of prequalification test arrangement
for the prequalification-of a system with another joint, designed for rigid
as well as flexible installation

Prior o the electricalextension of prequalification tests, the insulation thickness of the| cable

shall he measurediand the test voltage values adjusted, if necessary, as stated in 12.4.1.

13.3.2.3 _Sequence of the electrical part of the extension of prequalification tests

The normal sequence of the electrical part of the extension of prequalification tests shall be as

follows?

a)

e)

bending test (see 12.4.3) without final partial discharge test (see 12.4.4) followed by
installation of the accessories that are part of the tests for the extension of the
prequalification;

partial discharge test at ambient temperature (see 12.4.4)-is-applied-afterthe-bending-test

heating cycle test without voltage (see 13.3.2.4);
tan 6 measurement, if the extension to prequalification is for the cable (see 12.4.5);

NoTE4 This test may be carried out on a different cable sample from that used for the
remainder of the sequence of tests, taken from the same manufacturing batch, with special
test terminations.

heating cycle voltage test (see 12.4.6);
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f) partial discharge tests (see 12.4.4) at ambient temperature and at high temperature. These
tests shall be carried out after the final cycle of item e) above or, alternatively, after the

lig

htning impulse voltage test in item g) below;

g) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7);

h) partial discharge tests at ambient and at high temperature, if not previously carried out in
m-e f) above;

ite

T 2 LE Ll I ik
™ot

ried—in
Heo—+h

edrth-ornotintermittenthvyor continyoy
gr-oF-hothtertentty-oF-contindod

bl it N I faal n i
et re—atTotrtTot oo t—Stroretret—ro—Wwer—CotitromS— St ve
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ettt o€ Y
mmersed-inwatery-the tests in Clause G- 3 and G 42 mavrbe
HamerseaHh-waterthetestsH-ads oaRa- A4 MaY=p

mitted
rHtea-

Hitional tests for accessories (see Annex H);
amination of the cable—system—with—cable, if it is subject to the extehsion

pre¢qualification test, and accessories shall be carried out after completion ©f,the tests

(s¢

is

hot required,;

k) the resistivity of semi-conducting screens (see 12.4.9) shall be(measured on a se

sa

The tg

mple taken from the same manufacturing batch.

of Table 4 with the eventual adjustments of 13.3.2.2.

13.3.2.4 Heating cycle test without voltage

The a

temperature 0 K to 5 K above the maximum conductor temperature in normal operation.

If, for
may b

The h
within
by at
within
last 2

NOTE
condu

e applied.

bating shall be applied for at_least 8 h. The conductor temperature shall be main
the stated temperature limits for at least 2 h of each heating period. This shall be fo

10 K of ambient temperature, whichever is the higher. The conductor current duri
h of each heating-period shall be recorded.

Heating cycles with a conductor temperature higher than 5 K above the ma
ctor température in normal operation are considered valid.

The cycle ©f,heating and cooling shall be carried out 60 times.

bf the
above

e 12.4.8). If the extension to prequalification test is only for accessories, then 12.4.8.2

barate

st voltage values shall be in accordance with the values\giwen in the appropriate golumn

5sembly shall be heated by conductor current only, until the cable conductor reag¢hes a

practical reasons, the test temperatsfe cannot be reached, additional thermal insdilation

tained
lowed

east 16 h of natural coaling to a conductor temperature less than or equal to 3Q °C or

ng the

imum

14 Type tests on cables

14.1

General

The tests specified in Clause 14 are intended to demonstrate the satisfactory performance of
cables alone.

Once successfully completed, type tests need not be repeated, unless changes are made in the
cable with respect to materials, manufacturing process, design or design electrical stress levels,

which

might adversely change the performance characteristics.
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This test procedure shall be performed on cables where the calculated nominal electrical stress
at the conductor screen is not higher than 8,0 kV/mm and at the insulation screen not higher
than 4,0 kV/mm. In other cases, the type tests on the cable system according to Clause 12 shall

apply.

Type tests which have been successfully performed in accordance with the previous edition of
this document are deemed to be valid.

A list of type tests on cables is given in Annex C.

14.2 Range of type approval

When|type tests have been successfully performed on one or more cables of specifie cross-
sectiop(s), and of the same rated voltage and construction, the type approvalvshiall be
considered as valid for cables within the scope of this document with other cross-Sectionsj rated
voltages and constructions provided that all the conditions of a) to €) are met:

NOTE Tvpe-testswhich-have been eur\rsncefullu nerformed-according-to-the previot
NOHE= S5 oFaH fousteaitonotthsstangaraare

P teStSWHHERaVEe-BEeenR-SHeecesSStn P g 1 =

iseadition-of- this-standard-are
SteaHoR—o+tHSStah

a) THhe voltage group is not higher than that of the tested cable(s).

Nofre 2—In-this-context; Cables of the same-rated voltage gfeup are those of rated voltages
haying a common value of U,,, highest voltage for equipment, and the same test vjoltage

leels (see Table 4, columns 1 and 2).
b) ThE conductor cross-section is not larger than that)of/the tested cable.
c) Th

NOIrE-3 Cables of similar construction are>those of the same type and manufagturing
pracess of insulation and semi-conducting{screens.

cable has the same or similar construction {0-that of the tested cable(s).

Repetition of the electrical type tests isinot necessary on account of the differences|in the
cophductor type or material or of the-protective layers applied over the screened [cores,
unjess these are likely to have @@ significant effect on the results of the test. In|some
ingtances, it may be appropriate to repeat one or more of the type tests (e.g. bending test,
hepting cycle test and/or compatibility test).

d) Thee calculated nominal eleetrical stress at the cable conductor screen does not excepd the
nominal electrical stre§s at the conductor screen of the tested cable(s) by more than|10 %.

e) The calculated nominal electrical stress at the cable insulation screen does not excepd the
nominal electricalkstress at the insulation screen of the tested cable(s).

that of the cable on WhICh type tests have been carrled out preV|oust

A type test certificate signed by the representative of a competent witnessing body, or a report
by the manufacturer giving the test results and signed by the appropriate qualified officer, or a
type test certificate issued by an independent test laboratory shall be acceptable as evidence
of type testing.

14.3 Summary of type tests

The type tests shall comprise the electrical tests on the completed cable (see 14.4), adjusted
as-specified required in 12.4.1,—and-144-4 and the appropriate non-electrical tests on cable
components and completed cable specified in 12.5.
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The non-electrical tests on cable components-and-completed-cable are summarized in Table 5,
indicating which tests are applicable to each insulation and oversheath-material compound. The
tests under fire conditions are only required if the manufacturer wishes to claim compliance with
these tests as a special feature of the design of the cable.

14.4 Electrical type tests on completed cables

The tests a) to f) shall be performed in sequence on a sample of completed cable at least 10 m
in length excluding the test accessories:

a) bending test (see 12.4.3) followed by installation of the test terminations and a partial
discharge test at ambient temperature (see 12.4.4);

b) tan 6 measurement (see 12.4.5);

Nofre This test may be carried out on a different cable sample, taken frofm~the|same
mgnufacturing batch, from that used for the remainder of the sequence of tests.

c) hepting cycle voltage test (see 12.4.6), followed by partial discharge\measuremgent at
ambient temperature (see 12.4.4), which shall be carried out after the final cyg¢le or,
alternatively, after the lightning impulse voltage test (see item d) below);

d) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7));

e) paftial discharge test at ambient temperature (see 12.4.4), if.not previously carried oyt in c)
abpve;

f) expmination of the cable on completion of the above tests (see 12.4.8);

g) the resistivity of semi-conducting screens (see 124\9) shall be measured on a separate
sample.

Test vpltages shall be in accordance with the values’‘given in the appropriate column of Table 4.

15 Type tests on accessories

15.1 |General

The tgsts specified in Clause 15(are intended to demonstrate the satisfactory performahce of
accessgories alone.

Once puccessfully compieted, type tests need not be repeated, unless changes are madelin the
accessory with respeCt;to materials, manufacturing process, design or design electrical [stress
levels| which mighttadversely change the performance characteristics.

This test proecedure shall be performed on accessories for cables where the calculated npminal
electrical stress at the conductor screen is not higher than 8,0 kV/mm and at the ins{ilation
screen not higher than 4,0 kV/mm. In other cases, the type tests on the cable system accprding
to CIa.mmmmeimmuwﬂmﬂM icati ' ystem.

A list of type tests on accessories is given in Annex C.

NOTE Tests on outdoor terminations—referring—to—environmental—conditions under extraneous precipitation or

pollution are not specified in this document.
15.2 Range of type approval

When type tests have been successfully performed on one or more accessories with one or
more cable(s) of specific cross-section(s), and of the same rated voltage and construction, the
type approval shall be considered as valid for accessories within the scope of this document
with other rated voltages, constructions and with other cables, provided that all the conditions
of a) to d) are met.
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NoTE1+ Type tests which have been successfully performed in accordance with the previous
edition of this document are deemed to be valid.

a) The voltage group is not higher than that of the tested accessory(ies).
NOTE2—In-this—context; Accessories of the same-rated voltage group are those of rated
voltages having a common value of U, highest voltage for equipment, and the same test
voltage levels (see Table 4, columns 1 and 2).

b) The cable-with-anether conductor cross-section, rated voltage and construction are within
the range of type approval as stated in 14 2 Sblnonthoenlenlotnd nommlonl aloctoionl olenee

c) Acgcessories have the same or a similar construction as that of the tested accessory(|es).

NOfFE-3  Accessories of similar construction are those of the same type and manufagturing
process of insulation and semi-conducting screens.

Repetition of the electrical type tests is not necessary on account of the,differences|in the
cohnector type or material or of the protective layers applied over the-main insulatign part
of the accessory, unless these are likely to have a significant effectxon the results |of the
tegt. In some instances, it may be appropriate to repeat one or more of the type testp (e.g.
partial discharge test).

d) Thie calculated nominal electrical stresses within the main idstlation parts of the accé¢ssory
anf at the cable and accessory interfaces do not exceed those of the tested accessorjy(ies).

e) Fof plug-in type bushings, full compliance is given only, with the combination of the byishing
anfd separable connector and cable used in the type test. Users should be aware that
separable connector performance and compatibilify’shall be checked if the bushing ingtalled
in |the separable connector is different from\that used for the insulated termination
quplification.

FoF extension of compliance to other combinations of separable connectors and bushings,
in prder to ensure an interchangeabilitysaf bushings, it is appropriate to repeat one of more
of fhe electrical type tests (e.g. partialddischarge test).

A typqg test certificate signed by the*representative of a competent witnessing body, or ajreport
by thel manufacturer giving the testresults and signed by the appropriate qualified officer, or a

type test certificate issued by-ansindependent test laboratory, shall be acceptable as evidence
of type testing.

15.3 |Summary of typetests

Accespories shallecomply with the tests specified in 15.4.1 and 15.4.2.

The minimunixlength of free cable between accessories shall be 5 m.

One spmple of each accessory type shall be tested.

The accessories shall be installed before the first partial discharge test.

The accessories shall be assembled on the cable in the manner specified by the manufacturer's
instructions, with the grade and quantity of materials supplied, including lubricants, if any.

The external surface of accessories shall be dry and clean, but neither the cables nor the
accessories shall be subjected to any form of conditioning not specified in the manufacturer's
instructions which might modify the electrical, thermal or mechanical performance.

During tests a) to e) of 15.4.2, it is necessary to test joints with their outer protection fitted. If it
can be shown that the outer protection does not influence the performance of the joint insulation,
for example there are no thermo-mechanical or compatibility effects, the protection need not be
fitted.
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15.4 Electrical type tests on accessories
15.4.1 Test voltage values

Prior to the electrical type tests of the accessories, the insulation thickness of the cable used
shall be measured and the test voltage values adjusted, if necessary, as stated in 12.4.1.

Test voltages shall be in accordance with the values given in the appropriate column of Table 4.

15.4.2 Tests and sequence of tests

ACC%W
a) paltial discharge test at ambient temperature (see 12.4.4);

b) hepting cycle voltage test (see 12.4.6);
A U-bend in the cable is not required.

NONE 1 T . . PP
c) paftial discharge tests (see 12.4.4);

— | at ambient temperature, and
— | at high temperature;
The tests shall be carried out after the final cycle of item b) above or, alternatively, afier-the

lightring-impulse-voltage-testin item d) below.

d) lightning impulse voltage test followed by a power fregquency voltage test (see 12.4.7));

e) partial discharge tests at ambient and at high temperature, if not previously carried|out in
item c) above;

cefed towet conditions—in—service (e not directhr buried-inearth-or not
Eteato—wet ARaHoRsHh-Sserw {He—RotaH tyy—ourea+H-earthorhot

f) adfitional tests for accessonhies (see Annex H);
g) examination of the accessories after completion of the above tests (see 12.4.8.1).

TJecst vbltaaes shall haeih accordance with the values aiven-in-the annronriate column-ofTable 4
rest-vypHages-sharn-be-H=accoraance-wintne-vatdes-ghivrenHn-tne-approprate-coltdmh-otr1qoie4
16 Electricaltests after installation

16.1 |General

Tests omrmew-instattations—are—carriedout-whenmthe—inmstattatiomofthe—cabte bybtvlll tras been
completed.

A DC oversheath test according to 16.2 and/or an AC insulation test according to 16.3 is
recommended.

For installations where only the oversheath test according to 16.2 is carried out, quality
assurance procedures during installation of accessories may, by agreement between the
purchaser and contractor, replace the insulation test according to 16.3.

16.2 DC voltage test of the oversheath

The voltage level and duration specified in Clause 5 of IEC 60229:2007 shall be applied
between each metal sheath or metal screen, connected together if both are present in the cable,
and the ground.
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For the test to be effective, it is necessary that the ground makes good contact with all of the
outer surface of the oversheath. A conductive layer on the oversheath can assist in this respect.

16.3 AC voltage test of the insulation

lower voliag column—a0
TVVE SO R—

es 3
T HOWer—V orages—+thah =

oa e_environment historvof bx

= Ao A HSHOFY-O+ %

— in peccordance with Table 4, column 10, for 1 h, or

The wihveform shall be substantially sinusoidal and the frequef¢y shall be between 20 H
300 Hg. In the case of very long lengths the minimum frequency may be reduced to

subjeq

C test voltage to be applied shall be:

S
S

otiated taking-int
Hateataxih gt Am

applied for 24 h, or

oltage and time subject to agreement between the purchaseri@hd the contractor.

t to agreement between the purchaser and the caontractor. For installations which

z and
10 Hz
have

been in use, lower voltages than given in Table 4, colump 10 and/or shorter durations may be
Values should be negotiated, taking into adgolnt the age, environment, histpry of

used.

breakdlowns and the purpose of carrying out the test

PD tests under AC voltage may be carried ogt™by agreement between the customer a
contractor. The test procedure, voltage(s).and pass criteria should also be agreed.

Table 1 — Insultating compounds for cables

nd the

Maximum conductor temperature|

. °C
Insulating compound
Normal operation Short-circuit
(maximum duratiofp 5 s)

Low dgnsity thermoplastic polyethylene (PE) 70 130 @
High density thermoplastic polyethylene (HDPE) 80 160 2
Cross-|inked palyethylene (XLPE) 90 250
Ethylepe-propylene rubber (EPR) 90 250
High modulus or hard grade ethylene-propylene (HEPR) 90 250
rubber

@  For PE and HDPE, short-circuit temperatures up to 20-°C K in excess of those shown may be acceptable with
suitable semi-conducting—tayers screens over the conductor and the insulation and by agreement between
manufacturer and purchaser.

Table 2 — Oversheathing compounds for cables

. Maximum conductor temperatu
Abbreviated normal operation

Oversheathing compound designation o

re in

Polyvinyl chloride (PVC) ST, 80

ST, 90
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Polyethylene (PE) ST, 80
ST, 90
Low smoke halogen free (LSHF) ST, 90

Table 3 — Tan J requirements for insulating compounds for cables

Designation of compound PE |HDPE | EPR/ | XLPE
HEPR
(see 4.2)
Maximum tan ¢ | 1074 10 10 50 102

a

For

cables produced with an XLPE compound containing special additives, the maximum tan § is 50~x\Mp~*.

Table 4 — Test voltages

1¢ 2 3 42 52 62 72 82 92 10 P
Rate Highest | Value of | Voltage Partial Tan ¢ Heating |Lightning| Voltage | Vgltage
voltage | voltage U, for test of |discharge| measure-| cycle impulse test of |tegt after
for equip- | getermin- 9.3 test of ment of | voltage voltage 12.4.7 ingtalla-
ment ation of 9.2 12.4.5 test of test of tipn of
test and 12.4.6 10.12, 6.3
voltages 12.4.4 12.4.7
and
13.2.5
U U, U, 2,50, 1,5 U, Uy 20, 2,5 U,
kV kV kV kV kV K\ kV kV kV kV
45 to p7 52 26 65 39 26 52 250 65 52
60 to p9 72,5 36 90 54 36 72 325 90 72
110 to 115 123 64 160 96 64 128 550 160 128
132 to [138 145 76 190 114 76 152 650 190 132
150 to [161 170 87 218 131 87 174 750 218 150
a8 If npcessary, these test voltages shall be adjusted as stated in 12.4.1.

If n

For

rated voltages not list&dNin column 1, see 8.4.

bcessary, these test voltages'shall be adjusted as stated in 16.3.
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Table 5 — Non-electrical type tests for insulating
and oversheathing compounds for cables

Insulation

Designation of compound 2'12“; PE |HDPE| EPR |HEPR|XLPE| ST, | ST
Y ; )
B e e
breal)
— e * * * * 2 72
—e)AHerageing-inairbomb - - * X - -
— e e e * * * * e X
cable
Pressure-test-at-high-temperature - - - - - *
Behaviour-atlow temperature
B e e e - - - - - *
el - - - - - *
Loss of mass-in-airoven - - - - - -
B - - - - - e
Ozonelresistance test - - * X - -
B - - % * * -
Measufement-of density - % - - - -
Carbon-black-content® - \3 - - - -
bl eetost * * - - * -
B T L - - * - -
B e - - - * - -
@  Tolbe applied to-those designs of cable where the manufacturer claims-that barriersto
5__Fod black-oversheathsohnly-
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Designation of compound Insulation Oversheath
(see 4.2 and 4.4) PE |HDPE| EPR |HEPR|XLPE| ST, | ST, | ST, | ST, | sT,,
Checks on construction Applicable irrespective of insulation and
Water penetration test @ oversheathing compounds

Mechanical properties
(Tensile strength and elongation at
break)

a) Without ageing X X X X X X X X X X

b) After ageing in air oven X X X X X X X X X X

c) After ageing of the completed cable X X X X X X X X X X

(cpmpatibility test)

Pressure test at high temperature - - - - - X X - X X
Behaviour at low temperature

a) Cdld elongation test - - - - - X X 5 - X

b) Cdld impact test - - - - - X X - - X
Loss of mass in air oven - - - - - - X - - -
Heat shock test - - - - - X X - - -
Ozonelresistance test - - X X - - - - - -
Hot sej test - - X X X - - - - -
Measufement of density — X - - - — — — — -
Carbon black content® - - - = - - - X X -
Shrinkqge test X X - - X - - X X X
Deternjination of hardness - - - X - - - - - -
Deternjination of elastic modulus - - - X - - - - - -
pH valyie - \- - - - — — — — X
Conduttivity test - - - - - - - - - X
Key

x: the fest is to be applied

—: the {est is not to be applied

a8 To|lbe applied to those designs of cable where the manufacturer claims that barriers to longitudinal water
perjetration have been included.

b Fol black oversheath§ only.
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Table 6 — Test requirements for mechanical characteristics of

insulating compounds for cables (before and after ageing)

85

+30

G

+30

=25

PE | HBPE | XLPE | EPR | HEPR

300 | 350 | 200 | 200 | 200
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Mdximum-variation®—of:
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a

Al documents-cited-in-this- table refer to-the dated-editions-that are listed-in-the normative references-clause
t L33 HAHRH HehR 2] e+ HtRehRoHm g

L

v

b—\griation:
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Designation of compound (see Table 1) Unit PE HDPE | XLPE EPR HEPR
Maximum conductor temperature in normal operation °C 70 80 90 90 90
Without ageing
(IEC 60811-501:2012 and
IEC 60811-501:2012/AMD1:2018)
Minimum tensile strength N/mm?2 10,0 12,5 12,5 4,2 8,5
Minimum elongation at break % 300 350 200 200 200
After ageing in air oven
(IEC 60811-401)
Treatment: temperature °C 100 110 135 135 135
tolerance K +2 +2 +3 +3 +3
duration 240 240 168 168 168
Tensilg strength:
a) mihimum value after ageing N/mm?2 - - - - -
b) mgximum variation® % - - 25 +30 +30
Elongdtion at break:
a) minimum value after ageing % 300 380 - - -
b) maxjmum variation % - - +25 +30 +30

a8  Valiation: difference between the median value obtained after treatmeht and the median value obtained

tre

tment, expressed as a percentage of the latter.

vithout
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Table 7 — Test requirements for mechanical characteristics of
oversheathing compounds for cables (before and after ageing)

Designation of compound (see 4.4) Unit ST, ST, ST, ST,

. :
(92 of IEC 60811-1-1)2

Minimam-elongatiorat-break % L el oo oo
P S
{8-4-of IEC 60811-1-2)@
Treatment: temperature 2c 100 100 100
B —— K +2 +2 +2 =2
B h el el 240 244
—a)-minimum-value-afterageing N/imm?2 | 425 12,5 - -
b)-maximum-variation? % +25 +25 - -
—a)-minimum-value-after ageing % A50 150 300 304
—b)-maximum-variation® Y% +£25 25 - -
Pressure-test-at-high-temperature
(8.2 of IEC 60811-3-1)2
Test temperature c 80 90 - 114
Tolerance K +2 *2 - +2
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Designation of compound (see 4.4) Unit ST, ST, ST; ST, STy,
Without ageing
(IEC 60811-501:2012 and
IEC 60811-501:2012/AMD1:2018)
Minimum tensile strength N/mm?2 12,5 12,5 10,0 12,5 12,5
Minimum elongation at break % 150 150 300 300 300
After ageing in air oven
(IEC 60811-401)
Treatment:  temperature °C 100 100 100 110 110
tolerance K +2 12 12 2 ] £2
duration h 168 168 240 24 ~p 240
Tensilg strength: Q‘
a) mipimum value after ageing N/mm?2 12,5 12,5 — (19— 10
b) mgximum variation @ % +25 +25 {]/Q - +30
Elonggtion at break: Q :
a) mipimum value after ageing % 150 150 Q)b‘SOO 300 300
b) mgximum variation 2 % +25 i%g - - -
PressUre test at high temperature ()
(IEC 69811-508:2012 and IEC 60811- \<¢
508:20(12/AMD1:2017) 3\
Test tgmperature °C Q 90 - 110 110
Tolerafice K D" +2 £2 - £2 £2
Maximpm indentation \%Q 50 50 - 50 50
Shrinkqge test g\ »
(IEC 6811-503) (%]
Test tgmperature \,\(\ °C - - 80 80 80
Tolerapce $ K - - +2 +2 +2
Duratign N4 h - - 5 5 5
Numbdr of heating cycles \O - -
Maximpm shrinkage allowed X (.\‘j: % - - 3,0 3,0 3,0
a8 Valiation: difference between the \éian value obtained after treatment and the median value obtained ithout

tre

S

tment, expressed as a percefitage of the latter.
[ P
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Table 8 — Test requirements for particular characteristics of

insulating compounds for cables

HSe-

—

PE | HBPE | XLPE | EPR | HEPR

200 | 200 | 200
00 | M5 | 130
+2

+2

Unit

mm
°c
K

StV eTEerereRcEesS 6

152

€

3

StEC

S—taoreteretote-Gate G e GO RSHatafre

S CHEANR—

COoCUH

Shti

Digtance L betweenmarks

B
B

R

Deprsity
{Clause 8 of IEC-60811-1-3)*
{sge Annex H)

IRMD® _minimum

a

Allldocuments citedhin-this table refer to-the dated-editions-that are listed-in-the-normative-references-clause
H meh + A—tH +e—+Fe+et 2] HehR 8 f H HthRehRoHRat ret+eren

L
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Designation of compound (see 4.2) Unit PE HDPE | XLPE EPR HEPR

Ozone resistance test
(IEC 60811-403)

Ozone concentration (by volume) % - - - 0,025 0,025
to to

0,030 0,030
Test duration without cracks h - - - 24 24

Hot set test
(IEC 60811-507)

Treatmlent: air temperature °C - - 200 250 250
tolerance K - - +3 +3 +3
tensile stress N/cm?2 - - 20 20 20
Maximpm elongation under load % - - 175 175 175
Maximpm permanent elongation after cooling % - - {5 15 15

Shrinkqge test
(IEC 69811-502:2012)

Distan¢e L between marks mm 200 200 200 - -
Tempefature °C 100 115 130 - -
Tolerapce K #2 +2 +3 - -
Duratign h 6 6 6 - -
Maximpm permissible shrinkage % 4,5 4,5 4,5 - -
Densit,

(IEC 60811-606)
Minimym density g/lcm? - 0,940 - - -

Deternjination of hardness
(see Apnex 1)

Minimym IRHD @ — — — _ 80

Deternjination of elastic modulus (see 12;6.20)

Modulys at 150 % elongation, minimum N/mm?2 - - - - 4,5

a8 |IRHD: international rubber hardness degree.
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Table 9 — Test requirements for particular characteristics
of PVC and LSHF oversheathing for cables

Designation of compound (see 4.4) Unit ST, ST,

. o
(82 0f IEC 60811-3-2)7
Treatment:-temperature c - o

tolerance K - —

B et h - e
Maxi o ‘ 2 B 15
Behaviour-at-low-temperature®
(Clause 8 of IEC 60811-1-4)2
T ) ) ) ina:
a) Cold elongation test on dumb-bells
—TFest-temperature G —15 —15
—Tolerance K 2 +2
b} Cold-impact test
-~ Test temperature c -15 -15
—Tolerance K +2 +2
Heat shock test
(92 of IEC 60811-3-1)7
e G 150 150
—tolerance K +3 +3
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Designation of compound (see 4.4) Unit ST, ST, STy,

Loss of mass in air oven

(IEC 60811-409)

Treatment: temperature °C - 100 -
tolerance K - +2 -
duration h - 168 -

Maximum permissible loss of mass mg/cmz — 1,5 -

Behaviour at low temperature @

Tests to be carried out without previous ageing:

a) Cold elongation test on dumb-bells

(IEfC 60811-505)

Te$t temperature °C -15 -15 -5

Tolerance K +2 +2 42
Requirpment % =20 2P0 =Ppo
b) Cold impact test

(IEc 60811-506)

Te$t temperature °C -15 -15 -5
Tolerapce K 12 +2 42
Requirgment no‘cracks no cracks no cfacks
Heat shock test
(IEC 60811-509)

Treatmlent: test temperature °C 150 150 -
tolerance K +3 +3 -
test duration 1 1 -

Requirpment no cracks no cracks -

Flame |spread test on single cables (complete cable)

(IEC 69332-1-2)

Distange between the lower edge of the top‘stUpport and mm > 50 > 50 > 50

the onget of charring

The loyver extent of charring below theMower edge of mm < 540 < 540 < %40

the top| support

Flame |spread test on bunchegdieables (complete cable)

(IEC 60332-3-24)

Upper |imit of char abowe bottom edge of burner m - - <Pp5

Smokel density teston'cables (complete cables)

(IEC 6]034-2:2005)and IEC 61034-2:2005/AMD1:2013)

@ < 80|mm light transmittance T min % - - q0

@ > 80|mi light transmittance T min % - - 45

pH value and conductivity tests, for the oversheath or

as weighted values for the cable

(IEC 61754-2) pH = - — — 4,3

conductivity < MS/mm 10

@ Due to climatic conditions, national standards may require the use of a lower or higher test temperatures.
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Table 10 — Maximum mechanical load for composite insulators for outdoor terminations

selecti
a verti

This taple is derived from IEC 60137.

Highest.voltage for Rated current
equipment
U, A
kV < 800 1000 to 1 600
Maximum mechanical load (MML)
N
Bushing installed < 30° from the vertical
| 1 | 1
52 500 800 625 860
72,5 500 1000 625 4000
123 and 145 625 1575 800 1575
170 625 2 000 800 2 000
Key
Level l|= normal load, Level Il = heavy load

For bughings operating at an angle > 30° to the vertical, the effect of bushing seif-load should be considere
hg test load and procedure. The values given above correspond to vepticalbushings that are to be teg
Lal position. If a tilted or horizontal bushing is to be tested vertically\then an equivalent force shqg
added [to achieve the bending moment at the flange, caused by the weighfof the bushing in its operating p
If a velltical bushing is to be tested horizontally, then the test load cap be-freduced in the same manner.

i when
sted in
uld be
bsition.
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Annex A
(informative)

Determination of the cable conductor temperature

A.1 Purpose

For some tests, it is necessary to raise the cable conductor to a given temperature, typically
5 Kto 10 K above the maximum temperature in normal operation, while the cable is energized,
either at power frequency or under impulse conditions. It is therefore not possible to have
acces$ to the conductor to enable direct measurement of temperature.

In addition, the conductor temperature should be maintained within a restricted“tangd (5 K)
whereps the ambient temperature may vary over a wider range.

Although preliminary calibration on the cable under test or calculations may‘be satisfacfory in
the firgt place, the variation of ambient conditions throughout the duration of the test may lead
to devjations of the temperature of the conductor outside range.

Therefore, methods should be used in which the conductor temperature can be monitorg¢d and
contralled throughout the duration of the test.

Guidapce is given hereafter on commonly used methods:

A.2 | Calibration of the temperature of the.main test loop

A.2.1 General

The plirpose of the calibration is to determine the conductor temperature by direct measurement
for a diven current, within the temper@ture range required for the test.

The cable used for calibration(hereafter called reference cable) should be taken from thg same
length| as the cable used for,the main test loop.

A.2.2 Installation_of cable and temperature sensors

The calibration should be performed on a minimum cable length of 5 m, taken from the| same
cable ps tested.S\The length should be such that the longitudinal heat transfer to the cabl¢ ends
does not affect.the temperature in the centre 2 m of cable by more than 2 K.

Two temperature sensors should be attached to the middle of the reference cable: one pn the
condutm'ﬁemmmewmmmﬂﬁmewmmmsmwTTCw).

Two other temperature sensors, TC,. and TCj;, should be installed on the conductor of the
reference cable (see Figure A.1), each one about 1 m from the middle.

The temperature sensors should be attached to the conductor by mechanical means since they
may move due to vibrations of the cable during heating. Care should be taken to maintain good
thermal contact during the tests and to prevent leakage of heat to the ambient. It is
recommended to mount the temperature sensor(s) as shown in Figure A.2 between two strands
of a stranded conductor or between the (solid) conductor and the conductor screen. To enable
access to the conductor in the middle of the reference cable, a small hatch should be made by
careful removal of the layers above the conductor. After installing the temperature sensor(s),
the layers that have been removed may be put back. This may restore the thermal behaviour of
the reference cable.
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NoTE To prove a negligible heat transfer towards the cable ends, it is recommended that the
difference between the readings of TC4., TC,. and TC3.-should be less than 2 K.

If the actual main test loop includes several individual cable lengths installed close to each
other, these lengths will be subjected to a thermal proximity effect. The calibration should
therefore be carried out taking into account the actual test arrangement and measurements
being performed on the hottest cable length (usually the middle length).

Dimensions in mm

L

1 \_ & & [ ]
\‘\ \\ !J'L\ AL 3
5//'
IEC
Key

1 urrent inducing.transformers 6 TC,. (conductor)
2 lerminations 7 TC,. (conductor)
3 ablefunder test 8 TC,, (sheath)
4 fleferénce cable (> 5 m) 9 TC,. (conductor)
5 current measuring transformers 10 TC, (sheath)

Figure A.1 — Typical test set-up for the reference loop and the main test loop
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Dimensions in mm

R N

SO BAN . R NN O SN ]
Szxxxxxx&xﬁxkﬁ\cxﬁaﬁkﬁu&uhn&; E \xxxkxx \x’xxkx)t%{\xxxxmh\xxx\(xx%xxk\xx} o
=

\ u

. \f\ —

1 2 3 4
1EC
Key
1 onductor 5 cable-oversheath flexible’thermal insulating compound
2 emi-conducting screens 6 temperature sensor
3 insulation 7 flexible-thermakinsulatingcompound cable overgheath
4 netal sheath
Figure A.2 — Example of an arrangement of the temperature sensors
on the conductor of’the reference loop
A.2.3 Calibration method
The cglibration should be carried out inya draught-free situation at a temperature of (20 + 15) °C.
Temptrature recorders should\be used to measure the conductor, oversheath and ammbient
tempefratures simultaneously.

The cable should be héated until the conductor temperature, indicated by temperature 3

TC1C q
maxin

When

— Co

f Figure A.1, has stabilized and reached a temperature between 5 K and 10 K abg
um conducter'temperature of the cable in normal operation, as given in Table 1.

stabilization has been reached, the following should be noted:

ensor
ve the

nductor temperature: average value atpesitiens42-and-3 sensors TC, ., TC,, and

TCse

— oversheath temperature at position TC;

— ambient temperature;

— heating current.

A3

A.3.1

Heating for the test

Method 1 — Test using a reference cable

In this method, a reference cable identical to the cable used for the test is heated with the same
current value as the main test loop.

The installation of cable and temperature sensors for both loops should be as given in
Clause A.2.
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The test arrangement should be such that

— the reference cable carries the same current as the main test loop at any time; small current
changes are allowed in order to equalize the surface temperatures on the test cable and the
reference cable;

— it is installed in such a way that mutual heating effects are taken into account throughout
the test.

A temperature sensor (TCy) should be mounted on or under the external surface of the main

test loop at the hottest spot, usually in the middle of-it the length, in the same way as
temperature sensor TC,4 is mounted on the hottest spot of the reference cable to check that

h 1 ) ol | n . ol " "
t € oversieatits o oot IUUPS dlf© dl a SHTiiar IClirpclraturc.

NOTE The temperature meast
NOHE= HAe—temperatd meastH pefrattd PSSt P

{TCg) gnd-on-the reference loop {TC ) are used to check whether the oversheath-of both loops-has the same
tempergture.

The tgmperature measured with temperature sensor TC,. on the conduetar of the ref¢rence

loop may be considered as to be representative for the conductor temperature of the enefgized
test lopp.

NOTE 4 The-temperatureof the conductorof the maintestloop-may-be -slightly higher thanthat of the refference
pefratt —h Rauctorot+tnemathtest+ p-ay-—be-SsHgatiyHgherthahthat-orthe Fen

I ‘o ; iy 5 correction-should-be-mage)

The heating current of both loops should be adjusted such that the conductor temperature is
kept wWithin the specified limits.

All temperature sensors should be connected to @becorder to enable temperature moniforing.
The heating current of each loop should also berrecorded to prove that the two currents|are of
the same value throughout the duration of thectest. The difference between the heating cyrrents
should be kept within £1 %.

The re¢ference cable may be connected in series with the test cable if the temperafure is
measuyred via an optical fibre link.or equivalent.

A.3.2 Method 2 — Test using conductor temperature calculations and measuremient
of the surface temperature

A.3.2/ Calibration-of the test cable conductor temperature

The plirpose of thetealibration is to determine the conductor temperature by direct measurement
for a diven current, within the temperature range required for the test.

heating'should be identical.

The ceLbIe used for calibration should be identical to that to be used for the test, and the way of

The installation of cable and temperature sensors for the calibration should be as given in
Clause A.2.

The calibration should be carried out in accordance with A.2.3 for the reference cable.

A.3.2.2 Test based on measurement of the external temperature

During calibration and during the test of the main loop, the cable conductor temperature of the
main test loop should be calculated in accordance with IEC 60853-2, based on the measured
external temperature of the oversheath (TCy). The measurement should be carried out with a

temperature sensor at the hottest spot, attached to or under the external surface, in the same
way as for the reference cable.
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NOTE As an alternative, IEC 60287-1-1 may be used if it is demonstrated that asymptotic
transient temperature is reached within the specified time.

The heating current should be adjusted to obtain the required value of the calculated conductor
temperature, based on the measured external temperature of the oversheath.
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When

Annex B
(normative)

Rounding of numbers

values are to be rounded to a specified number of decimal places, for example in

calculating an average value from several measurements or in deriving a minimum value by
applying a percentage tolerance to a given nominal value, the procedure shall be as follows.

If the figure in the last place to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it

shall r

If the
shall g

EXAMP

main-unchanasd (roundina down)
J \ J 7*

figure in the last place to be retained is followed, before rounding, by 9, 87,6 ¢r 5, it

e increased by one (rounding up).

LE
2,449 & 2,45 rounded to two decimal places
2,449 ~ 2,4 rounded to one decimal place
2,453 & 2,45 rounded to two decimal places
2,453 ~ 2,5 rounded to one decimal place
25,047 8 & 25,048 rounded to three.decimal places
25,047 8 I~ 25,05 rounded to twosdecimal places
25,047 8 ~ 25,0 rounded.torone decimal place
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Annex C
(informative)

List of type, prequalification and extension of prequalification tests
for cable systems, cables and accessories

Type tests for cable systems, cables and accessories are covered by Clauses 12, 14 and 15,
respectively.

Table C.1 gives a summary and references for type testing of cable systems, cables and
accesgories:

Prequhplification tests of cable systems with a calculated nominal conductor eleéttic [stress
above| 8,0 kV/imm or a calculated nominal insulation electric stress above 4,0 kV/mm are
covergd by 13.1 and 13.2.

Extengion of the prequalification tests of cable systems with a calculated’ nominal confductor
electric stress above 8,0 kV/mm or a calculated nominal insulationDelectric stress jabove
4,0 k\{/mm are covered by 13.1 and 13.3.

Table [C.2 gives a summary and references for prequalification\te’sting of these cable sygtems.

Table [C.3 gives a summary and references for the extensjon of prequalification testing ofithese
cable pystems.
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Table C.1 — Type tests on cable systems, on cables and on accessories

Clauses
Item Test
Cable systems Cables Accessories
a General 12.1 141 15.1
b Range of type approval 12.2 14.2 15.2
c Electrical type tests 12.4 14.4 15.4
d Test voltage values 12.4.1 12.4.1 12.4.1
e Bending test 12.4.3 12.4.3 -
Partial discharge test at ambient temperature 12.4.4 12.4.4 12.4 4
f Tan & measurement 12.4.5 12.4.5 3
g Heating cycle voltage test 12.4.6 12.4.6 12.4|6
Partial discharge test at high temperature 12.4.4 - 12.414
Partial discharge test at ambient temperature (after
final cycle or after lightning impulse voltage test in 12.4.4 12.44 12.4|4
item i) below)
i Lightning impulse voltage test followed by power 1247 12 4.7 12 4l7
frequency voltage test
j Partial discharge test at high temperature (if not 1244 _ 12 4la
carried out after item g) above) o ’
Part_|a| dlscharge_ test at ambient temperature (if not 1204 4 12.4.4 12.4la
carried out after item g) above)
k | Tests of outer protection forjoints Annex G - Annex G
k Additional tests for accessories Annex H Annex H
| Examination 12.4.8 12.4.8 12.4.8.1
m  [|[Resistivity of semi-conducting screens 12.4.9 12.4.9 -
n Non-electrical type tests on cable compongnts and
12.5 12.5 -
on completed cable

Fable C.2 — Prequalification tests on cable systems with a calculated nomina

conductor electric stress above 8,0 kV/imm or a calculated nominal insulation eleftric

stress above 4,0 kV/imm

Clauses
Item Test
Cable systems

a General and range of prequalification test approval 13.1

b Prequalification test on complete system 13.2

[ Summary of prequalification tests 13.2.1
d Test voltage values 13.2.2
e |Test arrangement 13.2.3
f Heating cycle voltage test 13.2.4
g Lightning impulse voltage test 13.2.5

Examination

13.2.6
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Table C.3 — Extension of prequalification tests on cable systems with a calculated
nominal conductor electric stress above 8,0 kV/mm or a calculated nominal
insulation electric stress above 4,0 kV/mm

Clauses
Item Test
Cable systems

a Tests for the extension of the prequalification of a cable 13.3

system
b Summary of the extension of the prequalification test 13.3.1
c Electrical part of the extension of prequalification tests 13.3.2

on complete cables system
d General 13.3.2.1
e Test voltage values 13.3.2.2
f Sequence of the electrical part of the extension of 13.3.2.3

prequalification tests

g Heating cycle test without voltage 13.3:2.4
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Annex D
(normative)

Method of measuring resistivity of semi-conducting screens

Each test piece shall be prepared from a 150 mm sample of completed cable.

The conductor screen test piece shall be prepared by cutting a sample of core in half
longitudinally and removing the conductor and separator, if any (see Figure D.1a). The
insulation screen test piece shall be prepared by removing all the coverings from a sample of

core (*nn l:igllrn B4 h)_

The p

ocedure for determining the volume resistivity of the screens shall be as follows.

Four dilver-painted electrodes A, B, C and D (see Figure D.1a and Figure D.1b)shall be applied

to the
and th

potential electrodes.

Connqg
to the
insula

The a

semi-conducting surfaces. The two potential electrodes, B and C, shall be 50 mm
e two current electrodes, A and D, shall be each placed at least’25 mm beyo

ctions shall be made to the electrodes by means of suitable_¢lips. In making conne
conductor screen electrodes, it shall be ensured that the clips are insulated frg
ion screen on the outer surface of the test sample.

Esembly shall be placed in an oven preheated toythe specified temperature and, a

apart
nd the

ctions
m the

ter an

interval of at least 30 min, the resistance between the electrodes shall be measured by means

of a ci

After t
the th

temperature, each being the average_©0f'six measurements made on the sample shq

Figure

The volume resistivity p in ohmumetres shall be calculated as follows:

a) co

rcuit, the power of which shall not exceed 1860 mW.

he electrical measurements, the diamegters over the conductor screen and insulatig

D.1b.

hductor screen:

chn><<Dc—TC)><TC
B 21,

Pe

ere

=

(9]

™~

(9]

SN

n and

ckness of the conductor screen and*insulation screen shall be measured at ambient

wn in

is thevotume Tesistivity, Tmohmrmetres—(6—);

is the measured resistance, in ohms (Q);

is the distance between potential electrodes, in metres (m);
is the diameter over the conductor screen, in metres (m);

is the average thickness of conductor screen, in metres (m).
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b) Insulation screen:

where

p; is the volume resistivity, in ohm metres (Q - m);

R; is the measured resistance, in ohms (Q );

Li is the distance hetween pntpntinl electrodes in metres (m)
D, | is the diameter over the insulation screen, in metres (m);

T; | is the average thickness of insulation screen, in metres (m).
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Key

Dimensions in mm

a) Measurement of the volume resistivity of the conductor screen

Dimension

A IEC

b) Measurement of the volume resistivity of the insulation screen

5 in mm

insulation screen B, C potential electrodes

conductor screen A, D current electrodes

Figure D.1 — Preparation of samples for measurement of resistivity
of conductor and insulation screens


https://iecnorm.com/api/?name=b67b2649e616fcc7abb21de707061270

E.1

- 78 — IEC 60840:2020 RLV © IEC 2020

Annex E
(normative)

Water penetration test

Test piece

A sample of completed cable at least 6 m in length which has not previously been subjected to
any of the tests described in 12.4 or 14.4 shall be subjected to the bending test described in

12.4.3

A6 m
and pl

aced horizontally. A ring approximately 50 mm wide shall be removed from the ce

the lepgth. This ring shall comprise all the layers external to the insulation screen. Whe

condu
layers

If the
contai
case,

ctor is also claimed to contain a longitudinal water barrier, the ring-shall compr
external to the conductor.

able contains intermittent barriers to longitudinal water penetration, then the sampl
h at least two of these barriers, the ring being removed from.between the barriers.
the average distance between the barriers in such cables’should be known.

length of cable shall be cut from the length which has been subjected to the bending test

ntre of
re the
se all

e shall
In this

The sdirfaces shall be cut so that the interfaces intended to be longitudinally watertight shall be

readily
sealeq

Arrang
to be
seals

NOTE
water (6

E.2

The ty
height

exposed to water. The interfaces not intended te‘be longitudinally watertight sh
with a suitable material or the outer coverings{removed.

e a suitable device (see Figure E.1) to allow™a tube having a diameter of at least 1
blaced vertically over the exposed ring-and sealed to the surface of the oversheat

The response of certain barriers to longitudinal penetration can be dependent on the compositio
.g. pH, ion concentration). Normal tap water-sheuld-be is used for the test unless otherwise specifie

Test

be shall be filled within 5 min with tap water at a temperature of (20 £ 10) °C so th
of the water in_the)tube is 1,0 m above the cable centre (see Figure E.1).

The sample shallhbe allowed to stand for 24 h.

suitabje /method until it has reached a steady temperature 5 K to 10 K above the ma

where the cable exits the apparatus shall not exert mechanical stress on the cablel

all be

0 mm
h. The

of the

at the

d by a
imum

The s[mple shall then be subjected to 10 heating cycles. The conductor shall be heate

condugtertemperature in normal operation; it shall not, however, reach the boiling point of

water.

The heating shall be applied for at least 8 h. The conductor temperature shall be maintained
within the stated temperature limits for at least 2 h of each heating period. This shall be followed

by at |

east 16 h of natural cooling.

The water head shall be maintained at 1 m.

NOTE No voltage being applied throughout the test, it is-advisable preferable to connect a-dummy reference cable
in series with the cable to be tested, the temperature being measured directly on the conductor of this cable.
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E.3 Requirements

During the period of testing, no water shall emerge from the ends of the test piece.

Dimensions in mm

1— | |
L J A

2
] 1)
d +
— |—— =]
o
-

A

- P >
IEC
Key
1 water header tank d @10 mm minimum (inner)
2 vent s 50 mm approximately
3 cable )4 length—= <6 000 mm

Figure E.1 — Schematic diagram of apparatus for water penetration test
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IEC 2420/11
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IEC 2422/11

4 oversheath 2
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Annex F
(normative)

Test for water penetration in the conductor

F.1 Test piece

A 3 m sample of cable which has been subjected to the bending test of 12.4.3 shall be placed
horizontally.

All layers external to the insulation screen shall be removed from the sample and the w Cross-
sectiop of the conductor shall be exposed at both ends of the test piece. Q},
Arrange a suitable chamber to enclose one end of the test piece. The cham all bqg fitted
with ah air vent and a separate vertical tube, both of at least 10 mm mter lameter, |with a
headef tank to allow the application of a 1m head of water (see Figure 1% e chambef shall
be sealed to the surface of the insulation screen. The seal where the exits the chpmber
shall ot deform the insulation during the test. %

NOTE
water (§

F.2

The ty
height

The sample shall be allowed to stand for 1$sd\éys at ambient temperature.

F.3

During

The response of certain barriers to longitudinal penetration can b ndent on the compositio
.g. pH, ion concentration). Normal tap water is used for the test ur;\ otherwise specified.

Test Q<<

be shall be filled within 5 min with tap watgﬁr}?\a temperature of (20 £ 10) °C so th
of the water in the tube is 1 m above the cable centre (see Figure F.1).

A\Q
Requirements xO
-

the period of testing, r@?v(éter shall emerge from the end of the test piece.

of the

at the
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Dimensions in mm

1000

A

er header tank

ent

piece

nber

pore valve (optional)

nal @ =10 mm minimum

th < 3 000 mm

S

Figure F.1 — Schematic diagram of aﬁbaratus for water penetration test in the condquctor

C\\c‘}‘
OOQ
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O
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Annex G
(normative)

Tests on components of cables with a longitudinally
applied metal tape or foil, bonded to the oversheath

G.1 Visual examination

The cable shall be dissected and visually examined. Examination of the samples with normal

ing or

or corrected vision without magnification shall reveal no delamination, folding, crack
tearing of the metal tape or foil, or buckling or crossing of the screen wires. A
&
G.2 | Adhesion and peel strength Q
N
G.21 General Qq/
™
Adhedion and peel strength are defined as ch

Flw \Q/Q

where Q N
F is the force (N); QQ
w is the width of tape (mm). s\\§\

In thg case of a CD design (combined d@%ﬂ — CD metal screen that combines
waterfightness and electrical properties), the ‘concern is that delamination could dama
metal |component and alter the electric functionality of the screen. Therefore, the ad
strength and peel strength of the Iamina\%d covering shall be as high as possible.

xO

In the| case of an SD design (s@?arate design — SD design with radial watertightneq
electrical properties, manag \by different metal components), there is no concer
delamjnation will alter the electric functionality of the screen. The cable can be operatg

radial
e the
nesion

s and
h that
d with

short-gircuit capability provided by the presence of the screen wires. However, the adhesion

strength and peel st&e)@b shall be high enough to preserve the laminate from foldin
bucklipg.

In the [case of scD design (separate semi-conductive design — SscD design with sep

cannof b rformed because the metal foil is so thin that it breaks during the adheg

g and

hrated

dial watertightness properties with semi-conductive plastic-coated foil), the test

ion or

NOTE Examples of the different designs as described above can be found in Annex A of IEC TR 61901:2016.

G.2.2 Test: Adhesion strength

The test specimens shall be taken from the cable covering where the metal tape or foil adheres

to the oversheath.

There shall be a total of five test specimens, three of them on the overlap of the metal
the weld of the metal tape, and two of them on the opposite side of the cable.

foil or

The length and width of the test specimen shall be approximately 200 mm and 10 mm

respectively.



https://iecnorm.com/api/?name=b67b2649e616fcc7abb21de707061270

- 88 - IEC 60840:2020 RLV © IEC 2020

One end of the test specimen shall be peeled between 50 mm and 120 mm and inserted in a
tensile testing machine by clamping the free end of the oversheath in one grip. The free end of
the metal tape or foil shall be turned back and clamped in the other grip as shown in Figure G.1.

\E :|<
— 0
L ° N\
Q
3 ~ (_19
/:_:l\ . q/g
IEC b‘Q
NS
Q

Key %
1 ovefsheath Q/O
2 metpl tape or foil Og\\

o7

3 grip

L

Figure G.1 — Adhesion of nQ tape or foil
The specimen should be held approximately veé@ly in the plane of the grips during th¢ test.

After 4djusting the continuous recording d ';:\é, the metal tape or foil shall be stripped fr¢m the
specimen at an angle of approximately@80° and the separation continued for a sufficient
distange to indicate the adhesion stre value. At least one half of the remaining bondef area
shall e peeled at a speed of approXéately 50 mm/min.

When|the adhesion strength @eater than the tensile strength of the metal tape or foil 4o that
the lafter breaks before peeling, the test shall be terminated and the break point sHall be
recorded. O

G.2.3 Test: Ptg\ rength of overlapped metal foil

A saniple specifien 200 mm in length shall be taken from the cable including the overlapped
portion of t etal foil. The test specimen shall be prepared by cutting only the overlapped
portion fr, is sample as shown in Figure G.2.

A\
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Key

IEC

1 spe
2 ove

3 met

The tdg
The a

The tg

Key
1 ove

2 met

Cimen

sheath

bl foil or laminated metal foil

st shall be conducted in the same manner as described for the\'@dhesion strengt

Figure G.2 — Example of overlapped metal foil

rangement of the test specimen is shown in Figure G.3.

st shall be performed on a total of three specimens.

sheath

IEC

bl fail,or laminated metal foil

h test.

3 grips

G.2.4

Figure G.3 — Peel strength of overlapped metal foil

Requirements

The strength shall be recorded against the spacing of the grips. Typical recordings are shown
in Figure G.4 and Figure G.5.

The first part of the curve is linked to the sample preparation. The decreasing end part
corresponds to the end of the sample. In-between, a steady state is achieved. The minimum
strength F;, in Table G.1 shall be determined for an increase in the spacing between the grips
of at least 50 mm. A tensile testing machine with either a direct output for the minimum value
or a graphical output may be used. Figure G.4 and Figure G.5 below give typical curves from a
graphical output machine and indicate how they shall be interpreted.
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Sample preparation Steady state Sample end

.~
.

Grip spacing
IEC

Figure G.4 — Typical strength versus grip spacing(ctsrve (1)

=

Sample preparation Steady state Sample end

»

Grip spacing
IEC

Eigure G.5 — Typical strength versus grip spacing curve (2)

Jable G.1 — Minimum acceptable adhesion or peel strength forces

Adhesion or peel Type of screen
Strength
F i CD SD SscD
N/mm Copper 1,5 Copper 1,0 Lead NA
N/mm Aluminium 1,5 Aluminium 1,0 Aluminium NA
N/mm Overlap 1,5 Overlap 1,0 Overlap NA
Key
NA: The test cannot be performed.
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H.1

General

—91-—

Annex H
(normative)

Additional tests for accessories

Annex H specifies the procedure for additional type tests for accessories for:

joints with or without screen interruption;

— acgessories for cable screen interruption and/or earth connection;

— terqminations with sectionalizing insulation;

— cofmposite insulators for outdoor terminations.

accessgories to water, should be considered in this case.

as well as in other situations. Accessories tested without

%

Accespories tested with the water immersion test are compllg‘\%hen used for installatio

&
o
Accespories specified for installation in air can only be tested without the {tbr immersio

subjedqt to agreement between purchaser and contractor. The risk of
example in terms of tunnel installation or any other risk of tempor

ence of wat
exposure of jo

h test,
er, for
nts or

in air
e water immersion test a’Le not

compllant when used for buried installation or in an eQw onment where there is a fisk of
expospre to water. Q
The mjanufacturer of the accessory shall provide e\&awmg in which all relevant features ftested
under|this annex are clearly defined and |dent|f®d
N\
Table [H.1 gives the test sequence for diff@@nt types of accessories.
Ta@} H.1 - Test sequence
—- -
Joints without scx or Joints with screen or metal | Terminations Comp¢osite
metal sheath interfuption sheath interruption and with insulatdrs for
and cable accessories cable accessories with a sectionalizing outdpor
Thst without a n or metal screen or metal insulation termindtions
se f sheath/s interruption sheath/screen interruption
qyence . -
(e.g. connection) (e.g. earth connection and/or
h cross bonding applications)
N
Q- Clause H.3 Clause H.3 Clause H.4 Clausg¢ H.6
N
Subjedted to §)
20 thelmal g) b
cycles|w X X
withou
voltage
Water
immersion
conditioning x@ xa
(20 thermal
cycles)
DC voltage
withstand test X X X
screen to
earth
DC voltage
withstand test X
screen to

screen
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Test
sequence

Joints without screen or
metal sheath interruption
and cable accessories
without a screen or metal
sheath/screen interruption
(e.g. earth connection)

Joints with screen or metal
sheath interruption and
cable accessories with a

screen or metal
sheath/screen interruption
(e.g. earth connection and/or
cross bonding applications)

Terminations
with
sectionalizing
insulation

Composite
insulators for
outdoor
terminations

Clause H.3

Clause H.3

Clause H.4

Clause H.6

LI withstand
test screen to
earth

X

LI withstand

"
CTCIT O

test sc
screen

X

Internd!
pressufe test

Cantildver
load tefst

(L'
2%

Examipation
(Clausg H.5)

X

X

0’ S
o

2 No

for accessories for installation in air, tested without water immersion.

H.2

H.2.1

When
desigr

Range of approval

without screen interruption, the type
withoyt screen interruption for the same

S
&
S

X

ctor size or smaller, embodying the samg

Range of approval for joints without sciggn or metal sheath interruption

S
the test sequence according to this ann s&has been successfully performed for
ﬁ@oval shall be considered as valid for all

B joint
joints
basic

design

Wherdg
bondir

A suc(
outer

H.2.2

When
desigH
or wit
basic

c
principles and the same materia&&ﬁted at equal or lower test voltages.

approval is required for j ﬁ\pouter protection embodying entries for items s\
g leads, the outer protec{i\g‘tested shall include these design features.

essful test on the jaint.outer protection with embodying entries will give approval t
brotection for a s@ joint without embodying entries, but not the converse.

Range @pproval for joints with screen or metal sheath interruption

the tes(§5uence according to this annex has been successfully performed for
with en interruption, the type approval shall be considered as valid for all join
tCabreen interruption for the same conductor size or smaller, embodying the

ch as

b such

B joint

s with
same

ign principles and the same materials tested at equal or lower voltage group.

N0
i

Where approval is required for joint outer protection embodying entries for items such as
bonding leads, the outer protection tested shall include these design features.

A successful test on the joint outer protection with embodying entries will give approval to such
outer protection for a similar joint without embodying entries, but not the converse.

H.2.3

Range of approval for accessories for cable screen interruption and/or ea
connection

rth

When the test sequence according to this annex has been successfully performed on a cable
with screen or metal sheath interruption, the type approval shall be considered as valid for all
cables with screen or metal sheath interruption offered by the same manufacturer, embodying
the same basic design principles, at equal or lower voltage group.
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H.2.4 Range of approval for terminations with sectionalizing insulation

When the test sequence according to this annex has been successfully performed for
terminations with sectionalizing insulation, the type approval shall be considered as valid for all
terminations with sectionalizing insulation offered by the same manufacturer, embodying the
same basic design principles, at equal or lower voltage group.

H.3 Tests of joints with or without screen or metal sheath interruption and
accessories for cable screen interruption and/or earth connection

H.3.1 Water immersion

The water immersion of joints or cables shall be applied successively to a joint V\?f#(h has

passef the heating cycle voltage test (see 12.4.6) or to a separate joint which h dgrgone

at leagt 20 thermal cycles without voltage, as specified in 12.4.2, item g). (l/Q
Q

The agsembly to be approved shall be immersed in water to a depth of notless than 1 mjat the
highegt point of the outer protection. Where desired, this may be ach'k%ba by using a header
tank cpnnected to a sealed-off vessel containing the test assembly. Q

Additipnal voltage tests according to H.3.2 may be carrieQ/gdt before commencirlg the
heatinjg/cooling cycles, at the discretion of the manufacturer.s\\

A tota| of 20 heating/cooling cycles shall be applied by@(sing the water temperature to|within
15 K tp 20 K below the maximum temperature of th le conductor in normal operatfon. In
each ¢ycle, the water shall be raised to the specifigd temperature, maintained at that lejel for
at leagt 5 h and then be permitted to cool to wit 10 K above the ambient temperaturg. The
test temperature may be achieved by mixing the@ater with water of higher or lower tempefature.
The nlinimum duration of each cycle of heat and cooling shall be 12 h and the durat|on for
raising the water temperature to the spe@g&d temperature shall be as much as possifjle the
same |as the duration for cooling thg\ ater to within 30 °C or 10 K above the ainbient
tempefrature, whichever is the highesr\o
O
N

H.3.2 Electrical tests
H.3.2/ General

On completion of th@ting cycles and with the test assembly still immersed, if applicable,
voltagg tests shall bevearried out as follows.

-

No br¢akdow joints with or without screen interruption or cables with screen internuption
shall qccur ing any of the electrical withstand tests.

No fla :&/pr on terminations shall occur during any of the elecirical withstand tests

All tests in this annex shall be carried out at ambient temperature if not specified otherwise.

In the case of accessories with a water immersion test, the electrical tests in H.3.2.2 and H.3.2.4
shall be carried out whilst the assembly is still immersed in water. If it is not practicable to carry
out the electrical tests whilst the assembly is still immersed in water, the assembly may be
removed from the water and electrically tested with a minimum of delay. In this case, earthing
of the test object may be achieved by wrapping with a wet fabric, or using a conductive coating
applied over the entire exterior surface of the test assembly.

For accessories without a water immersion, test earthing of the test object may be achieved by
wrapping with a conductive tape or mesh, or using a conductive coating applied over the entire
exterior surface of the test assembly.
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H.3.2.2 DC voltage withstand test between screen and earth

A test voltage of 25 kV DC shall be applied for 1 min between the metal screen or sheath and
the earthed exterior of the test object.

H.3.2.3 DC voltage withstand test between screen and screen

A test voltage of 25 kV DC shall be applied for 1 min between both sides of the metal screen or
sheath interruption of the test object.

H.3.2.4 Lightning impulse voltage withstand test between screen and earth

A testvoltage in accordance with Table H.2 shall be applied between the metal screen%lﬁeaths
and thle exterior of the assembly. Q},

The tgsting procedure shall be performed in accordance with [IEC 60230. Qq’Q

.

Table|H.2 — Lightning impulse voltage withstand test between scre hd earth of joints
with or without screen or metal sheath interruption and accessorpigs for cable scfeen

interruption and/or earth connection

C.

Highgst voltage for equipment Lightning i@é level
N
U._ @ Each 6&1 to earth
m V4
Bonding leads 6( Bonding leads
<3m¢ \\Q >3mand<10m?®
KV VARRS) KV
<725 %@ 30
>72,5 ’30 37,5
@ Sde Table 4, column 2. A\Q
b If fheath voltage limiters are placed a@ent to the joint or cable, the voltages for bonding leads < I m are
uskd. \{‘
¢ Ing¢luding accessories with she?nt?i\ tage limiters fitted directly — cable side to earth only.
A4

H.3.2.p Lightnin&)@pulse voltage withstand test between screen and screen

Beforg the Iightni@?mpulse test between the metal screens/sheaths, the assembly shall be
removijed from ater, if applicable.

To tegt bé/@ﬁn parts, a test voltage in accordance with Table H.3 shall be applied.

The testing procedure shall be performed in accordance with IEC 60230.
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Table H.3 — Lightning impulse voltage withstand test between screen and screen of
joints with screen or metal sheath interruption and accessories for cable screen

interruption and/or earth connection

Highest voltage for equipment Lightning impulse level

Uy @ Between parts °©

Bonding leads Bonding leads
<3m >3mand<10m?®

kV kV kV

<725 60 60

>72,5 60 75 A

P

2 54

b If
us

¢ B
sh

e Table 4, column 2. Qy

Eheath voltage limiters are placed adjacent to the joint or cable, the voltages for bon(&ﬁ@ads <3
ed.

tween parts is used here synonymously for tests between screen to screen of z@s‘ with screen o
Path interruption or accessories for cable screen interruption and/or earth conneg ion.

m are

metal

H.4

H.4.1

A test
of the

H.4.2

To teq
Table

The tg

Table H.4 - Lightni€$npulse voltage withstand tests between screen and eartH

>

Tests of terminations with sheath sectionalizi[l{dnsulation

o)

DC voltage withstand test between screen earth

termination. g\\)

%
Lightning impulse voltage withst& test between screen and earth

t sheath sectionalizing insulatio Qﬁterminations, a test voltage in accordanc

sting procedure shall bes&ép ormed in accordance with IEC 60230.

.

voltage of 25 kV DC shall be applied for 1 mi@?ross the sheath sectionalizing ins{ilation

B with

H.4 shall be applied between t6e creen and earth, across the sectionalizing insuljation.
X

of

H.5

te ations with sheath sectionalizing insulation
C,
Highest voltage for Lightning impulse level
Q’ equipment
O U, a Sheath sectionalizing insulation of terminations
Q/C) KV KV
N <725 30
>72,5 37,5
a8 See Table 4, column 2.

Examination

The examination of the accessories shall be done as stated in 12.4.8.1

The test assembly as described in Clause H.3 shall be examined with respect to the defined

and cl

early identified water-protection barriers (see Clause H.1).
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Joint outer protection boxes filled with removable compounds shall be regarded as satisfactory
if there is no visible evidence of either internal voids or internal displacement of compound by

water

ingress, or of compound loss via the various seals or box walls.

For joint outer protections employing alternative designs and materials, there shall be no
evidence of water ingress or internal corrosion behind the defined water-protection barriers.

H.6

H.6.1

Tests for composite insulators for outdoor terminations

General

One ir

H.6.2

For in
shall f

H.6.3

The in
IEC 6

sulator of each type shall be tested as given in H.6.2 and H.6.3. A

&
Internal pressure test Q

bulators which will be pressurized in service, the test according to 8.4 C 61462
e carried out. The requirements of 8.4 of IEC 61462:2007 shall beb‘@e.

NS

Cantilever load test

©
sulator shall be tested according to 8.5 of IEC 61462:2@The requirements of
462:2007 shall be met. g\\

:2007

8.5 of
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1.1

Annex |
(normative)

Determination of hardness of HEPR insulations

Test piece

The test piece shall be a sample of completed cable with all the coverings, external to the HEPR
insulation to be measured, carefully removed. Alternatively, a sample of insulated core may be

used.

1.2

1.2.1

Tests

1.2.2

The tqg
the HH
surfac]

a) th
ta

Test procedure

General

shall be made in accordance with ISO 48-2 with exceptions as indicated below.

Surfaces of large radius of curvature

st instrument, in accordance with ISO 48-2, shall be consiructed so as to rest fir
EPR insulation and permit the presser foot and indenterito make vertical contact wi
e. This is done in one of the following ways:

e instrument is fitted with feet moveable in univetsal joints so that they adjust them
the curved surface;

d
s

When
in the

1.2.3

On su
piece
minim
to the

pending on the curvature of the surface (see Figure 1.1).These methods may be u
rfaces with radius of curvature down to 20 mm.

b) t}e base of the instrument is fitted with)two parallel rods A and A' at a distance]

the thickness of HEPR insulation tested is less than 4 mm, an instrument as des
method in ISO 48-2 for thinuand small test pieces shall be used.

Surfaces of small radius of curvature

rfaces with toos/small a radius of curvature for the procedures described in 1.2.1, th
shall be supported on the same rigid base as the test instrument, in such a way
ze bodily movement of the HEPR insulation when the indenting force increment is

indentef and so that the indenter is vertically above the axis of the test piece. S

procedlures are as follows:

ly on
h this

selves

apart
ted on

cribed

e test
as to
pplied
itable

a) by

resting the test piece in a groove or trough in a metal jig (see Figure 1.2a));

b) by

resting the ends of the conductor of the test piece in V-blocks (see Figure 1.2b)).

The smallest radius of curvature of the surface to be measured by these methods shall be at
least 4 mm.

For smaller radii, an instrument as described in the method in ISO 48-2 for thin and small test
pieces shall be used.

1.2.4

The m

Conditioning and test temperature

inimum time between manufacture i.e. vulcanization and testing, shall be 16 h.

The test shall be carried out at a temperature of (20 + 2) °C and the test pieces shall be
maintained at this temperature for at least 3 h immediately before testing.


https://iecnorm.com/api/?name=b67b2649e616fcc7abb21de707061270

- 98 - IEC 60840:2020 RLV © IEC 2020

1.2.5 Number of measurements

One measurement shall be made at each of three or five different points distributed around the
test piece. The median of the results shall be taken as the hardness of the test piece, reported
to the nearest whole number in international rubber hardness degrees (IRHD).

o]

IEC

Key
A and A' parallel rods

Figure 1.1 — Test on surfaces of large radius of curvature

| I
SIS (I

IEC IEC

a) Test piece in groove b) Test piece in V-blocks

Figure 1.2 — Test on surfaces of small radius of curvature
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Annex J
(informative)

Guidance on examination of cable and accessories

It should be noted that it is not possible to specify objective acceptance criteria for all possible
types of deterioration (such as deformation or changes) that can be encountered during a visual
inspection.

The visual inspection will therefore always contain some degree of subjectivity. To reduce this

probl

m 2 lict of nassihlg tvngs aof dgatariagratiaon that mav hg gneauntarad durinag o
1 b o B4

visual

insped

When
keepin
the op

In son
compd

examy
requir

Exami
reveal
unexp

Samples of cable, possibly taken from different positions in tss@d length, and accessori

tion is given in this annex. A

g in mind that the overall purpose is to check for signs of deterioration could

eration of a cable system in service. ('l/
he cases, it can be helpful to have an untreated sample of t able or accessq
nents of an accessory) as a reference for the visual inspectid’@

le one of the joints and terminations, should be subjected to the visual inspecti

bd by this document. Q
QO

nation of the samples with normal or corre§ vision without magnification shod
any deterioration of the types listed belo he following list is not exhaustive {
pcted or unusual changes shall also be copsidered and their potential effects on op4

Y%
carrying out an examination, care should be taken to avoid contaminatiq%samples,

affect

ry (or

bs, for
bn, as

Id not
0 any
ration

of a c@ble system in service considered by tk{&\examining persons when making a decisjion as

to thei

e da

e ha
int

e prg¢sence of corrosion on tallic parts, for example metallic screen and connectiong;

e ind
e ind
sh
of
mi
ha

e ing

r acceptability or otherwise.
4

mage to the conductor which ¢ Lﬁl have a detrimental effect on the cable perform

rmful indentations in the caQ@\ore(s), sharp indentations of the semi-conductive {
b the insulation; ‘\\()

ication of possib \&chanical degradation in the dielectric parts;
ication of posﬁpe electrical degradation in primary insulation of accessory and
the relev roduct specification, for example creepage distances should not fall

himum eptable values and there should not be any change that would mak
zar part accessible;

is@'mn of thermal degradation (all components);

ANCeE;

creen

cable:

finkage, def tion or other distortions that may affect compliance with the requirgments

below
e any

e cracking or damage to the insulation;

for

example water ingress, possibly leading to corrosion in the long term;

damage on the cable sheath which could have a detrimental effect on the cable performance,

e leak or emission of insulating fluid: any leakage of material involved in the insulation of an
accessory should be reported,;

e significant change in dimensions which could have a detrimental effect on the cable or
accessory performance, for example unrestrained shrinkage of the insulation or oversheath.
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Annex K
(XXX)

Void

Page deliberately left blank.
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Table H.4 — Lightning impulse voltage withstand tests between screen and earth of

terminations with sheath sectionalizing insulation ..o
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
ABOVE 30 kV (U, = 36 kV) UP TO 150 kV (U, = 170 kV) —

TEST METHODS AND REQUIREMENTS
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization“con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
peration on all questions concerning standardization in the electrical and electronic fields~To this ¢
idition to other activities, IEC publishes International Standards, Technical Specifications; Technical H

aration is entrusted to technical committees; any IEC National Committee interested)in the subject dg

the IEC also participate in this preparation. IEC collaborates closely with thé\nternational Organiz
dardization (ISO) in accordance with conditions determined by agreement between the two organiz

formal decisions or agreements of IEC on technical matters express, as.nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made‘to ensure that the technical content
ications is accurate, IEC cannot be held responsible forvthe way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divergence j
IEC Publication and the corresponding national.@r'regional publication shall be clearly indicated in th

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, acéess to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the-latest edition of this publication.

iability shall attach to IEC or itsdirectors, employees, servants or agents including individual exp4g
hbers of its technical committees and IEC National Committees for any personal injury, property daf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publ

ntion is drawn to the"Noermative references cited in this publication. Use of the referenced publicd
Epensable for the ¢orrect application of this publication.

ntion is drawn to'the possibility that some of the elements of this IEC Publication may be the subject o
s. I[EC shallmot.be held responsible for identifying any or all such patent rights.

btional-Standard IEC 60840 has been prepared by IEC technical committee 20: B

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, Rublication(s)”].

hprising
hational
nd and
eports,

Their
alt with

tion for
ions.

participate in this preparatory work. International, governmental and non-governmeéntal organization}liaising

hational
rom all

Publications have the form of recommendations for international use and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
cations.

tions is

f patent

lectric

This fifth edition cancels and replaces the fourth edition, published in 2011. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Gas immersed cable terminations for use at rated voltages above 52 kV are required to be
designed, type and routine tested in accordance with IEC 62271-209 in addition to the
routine and type tests specified in this document.

Requirements are introduced for composite outdoor termination insulators.

The test cylinder diameters specified for the bending test (type and prequalification tests)
have been modified in line with IEC TR 61901:2016.

Al

ow smoke halogen free oversheath material, designated ST, is introduced.
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e Additional tests under fire conditions are introduced: vertical flame spread, smoke density,
acidity and conductivity, which shall be applied according to the fire performance declared
for the cable.

e A test for water penetration in the conductor is added.

¢ In addition to tests on the outer protection of joints, type tests on the screen sectionalizing
insulation of all accessories have been introduced.

NOTE

For a more detailed history of events leading up to this fifth edition, see the Introduction.

The text of this International Standard is based on the following documents:

Full in
report

This d

formation on the voting for the approval of this International Standard can be found

ruls Report on vourng

20/1909/FDIS 20/1910/RVD

on voting indicated in the above table.

ocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

in the

The committee has decided that the contents of this document willremain unchanged until the

stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data rels
the specific document. At this date, the document will be

e re¢onfirmed,

. wilhdrawn,

o replaced by a revised edition, or

e anjended.

The copntents of the corrigendum of February 2021 have been included in this copy.

ted to
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INTRODUCTION

The first edition of IEC 60840, published in 1988, dealt only with cables. Accessories were
added to the second edition, published in February 1999, which separately covered test
methods and test requirements for

a) ca
b) ca

bles alone,

bles together with accessories (a cable system).

Some countries then suggested that a better discrimination be made between systems, cables
and accessories, particularly for the lower voltages of the scope, for example 45 kV. This was

taken
type a
a) ca
b) ca
c) ac

proval requirements and the range of approvals for:

le systems,
bles alone,

Cessories alone.

Manuflacturers and users may choose the most appropriate option fortype approval.

The fourth edition (2011) introduced the prequalification test/precedure, as a cable s

inclus
insula

Other

ve of accessories, for cables with high electrical stresses.at the conductor screen
ion screen.

significant changes in the fourth edition were:

a) THe clause numbering of this document and IE€)62067 was coordinated to achieve as

Cco

b) In
po

In this

mmonality as possible.

the case of the sample test, the lightning impulse voltage test is no longer followe
wer frequency voltage test.

fifth edition the principle changes are as follows:

a) Ngw definitions have been(added for three different cable screen designs fol

IE

C TR 61901:2016.

b) Ggs immersed cable terminations for use at rated voltages above 52 kV are requireg

de

signed, type androutine tested in accordance with IEC 62271-209 in addition

roditine and type tests specified in this document.

c) Rgquirementstare introduced for composite outdoor termination insulators.

d) Th
ha

e) Al

e test cylinder diameters specified for the bending test (type and prequalification
ve beenmodified in line with IEC TR 61901:2016.

ng the

ystem
and/or

much

d by a

owing

to be
to the

tests)

ow,smoke halogen free oversheath material, designated ST, is introduced.

f) Additional tests under fire conditions are introduced: vertical flame spread, smoke density,
acidity and conductivity, which are applied according to the fire performance declared for
the cable.

g) A test for water penetration in the conductor is added.

h) In addition to tests on the outer protection of joints, type tests on the screen sectionalizing
insulation of all accessories have been introduced.

i Al

ist of relevant CIGRE references is given in the bibliography.
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POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
ABOVE 30 kV (U, = 36 kV) UP TO 150 kV (U, = 170 kV) —

TEST METHODS AND REQUIREMENTS

1 Scope

This dpbcument specifies test methods and requirements for power cable systems, cableg
and a¢cessories alone, for fixed installations and for rated voltages above 30 kV (U, =

up to fnd including 150 kV (U, = 170 kV).

The requirements apply to single-core cables and to individually screenedthree-core
and tq their accessories for usual conditions of installation and operatian,-but not to S
cableg, such as submarine cables and their accessories, for which modifi¢ations to the stg
tests gr the setup of special test conditions can be necessary.

This document does not cover transition joints between cables with extruded insulatig

paper

2 N

The following documents are referred to in the textin such a way that some or all of their c

consti
For u

amendments) applies.

IEC 6
requir

IEC 6

IEC 60229:2007, Eleetric cables — Tests on extruded oversheaths with a special pro
function

IEC 60230, /nipulse tests on cables and their accessories

IEC 6

equatiags (1()() % load f:-mfnr) and calculation of losses — General

insulated cables.

brmative references

utes requirements of this document. Fordated references, only the edition cited a
Indated references, the latest edition- of the referenced document (includin

060-1:2010, High-voltage test techniques — Part 1. General definitions an
pments

228, Conductors of insulated cables

287-1-1:2006, Electric cables — Calculation of the current rating — Part 1-1: Curren{

alone
B6 kV)

cables
pecial
ndard

n and

pntent
bplies.
D any

 test

ective

rating

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW
pre-mixed flame

IEC 60332-3-24, Tests on electric and optical fibre cables under fire conditions — Part 3-24:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category C

IEC 60754-2, Test on gases evolved during combustion of materials from cables — Part 2:
Determination of acidity (by pH measurement) and conductivity

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials —

Part 2

01: General tests — Measurement of insulation thickness
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IEC 60811-202:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 202: General tests — Measurement of thickness of non-metallic sheath
IEC 60811-202:2012/AMD1:2017

IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials
Part 203: General tests — Measurement of overall dimensions

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials
Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

IEC 60811-403, Electric and optical fibre cables — Test methods for non-metallic materials
Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC 60811-409, Electric and optical fibre cables — Test methods for non-metallic<matelials
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations~and shedths

IEC 60811-501:2012, Electric and optical fibre cables — Test methods for non-metallic majterials
— Par] 501: Mechanical tests — Tests for determining the mechanical-properties of insuilation
and sheathing compounds

IEC 60811-501:2012/AMD1:2018

IEC 60811-502:2012, Electric and optical fibre cables — Test methods for non-metallic majterials
— Part| 502: Mechanical tests — Shrinkage test for insulations

IEC 60811-503, Electric and optical fibre cables — Test methods for non-metallic matefials
Part 503: Mechanical tests — Shrinkage test for sheaths

IEC 60811-505, Electric and optical fibre cables — Test methods for non-metallic matelials
Part 505: Mechanical tests — Elongation atlow temperature for insulations and sheaths

IEC 60811-506, Electric and optical fibre cables — Test methods for non-metallic matelials
Part 506: Mechanical tests — Impact\test at low temperature for insulations and sheaths

IEC 6(0811-507, Electric and (optical fibre cables — Test methods for non-metallic matefials
Part 507: Mechanical tests —.Hot set test for cross-linked materials

IEC 60811-508:2012( Electric and optical fibre cables — Test methods for non-metallic majterials
— Parl| 508: Mechahical tests — Pressure test at high temperature for insulations and sheaths
IEC 60811-508:2012/AMD1:2017

IEC 60811509, Electric and optical fibre cables — Test methods for non-metallic matefials —
Part 509.-Mechanical tests — Test for resistance of insulations and sheaths to crackind (heat
shockltest)

IEC 60811-605:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 605: Physical tests — Measurement of carbon black and/or mineral filler in polyethylene
compounds

IEC 60811-606, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 606: Physical tests — Methods for determining the density

IEC 60885-3, Electrical test methods for electric cables — Part 3: Test methods for partial
discharge measurements on lengths of extruded power cables

IEC 61034-2:2005, Measurement of smoke density of cables burning under defined conditions
—Part 2: Test procedure and requirements
IEC 61034-2:2005/AMD1:2013
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IEC 61462:2007, Composite hollow insulators — Pressurized and unpressurized insulators for
use in electrical equipment with rated voltage greater than 1 000 V — Definitions, test methods,
acceptance criteria and design recommendations

IEC 62271-209, High-voltage switchgear and controlgear — Part 209: Cable connections for
gas-insulated metal-enclosed switchgear for rated voltages above 52 kV. Fluid-filled and
extruded insulation cables — Fluid-filled and dry-type cable-terminations

ISO 48-2, Rubber, vulcanized or thermoplastic — Determination of hardness — Part 2: Hardness
between 10 IRHD and 100 IRHD

3 Ters and definitions
For the purposes of this document, the following terms and definitions apply.

ISO apd IEC maintain terminological databases for use in standardization at the following
addresgses:

o |EC Electropedia: available at http://www.electropedia.org/

e ISD Online browsing platform: available at http://www.iso.orglobp
3.1 Definitions of dimensional values (thicknesses, cross-sections, etc.)

3.11
nominal value
value py which a quantity is designated and which is'often used in tables

Note 1 fo entry: Usually, in this document, nominal yalués give rise to values to be checked by measufements
taking ipto account specified tolerances.

3.1.2
medign value
when |several test results have been obtained and ordered in an increasing (or decrefasing)
succesgsion, middle value if the:number of available values is odd, and mean of the two iddle
valueq if the number is even

3.2 |Definitions concerning tests

3.21
routine test
test mpde by the manufacturer on each manufactured component (length of cable or accessory)
to check that-the component meets the specified requirements

3.2.2
sample test

test made by the manufacturer on samples of completed cable or components taken from a
completed cable or accessory, at a specified frequency so as to verify that the finished product
meets the specified requirements

3.2.3

type test

test made before supplying on a general commercial basis a type of cable system or cable or
accessory covered by I|EC 60840, in order to demonstrate satisfactory performance
characteristics to meet the intended application

Note 1 to entry: Type tests are of such a nature that, after they have been made, they need not be repeated unless
changes are made in the materials, design or type of manufacturing process of cable or accessory which might
change the performance characteristics.
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alification test

test made before supplying on a general commercial basis a type of cable system covered by
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable
system

3.2.5

extension of prequalification test
test made before supplying on a general commercial basis a type of cable system covered by
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable
system, taking into account an already prequalified cable system

3.2.6
electr

cal test after installation

test made to demonstrate the integrity of the cable system as installed

Note 1

o entry: Integrated optical elements, if present, will be tested upon customer requéest. Tests to be

on agreement between customer and manufacturer.

3.3

3.31
cable
cable
syster]

3.3.2
nomir
electri

Note 1

Note 2

3.3.3
comb
CD
metal

Note 1

3.3.4
separ
SD
metal
electri

Other definitions

system
with installed accessories including components used-fer thermo-mechanical restr|
ns limited to those used for terminations and joints©nly

al electrical stress
Cal stress calculated at U, using nominaldimensions

o entry: The equations for calculation of theistresses are given in Clause 6 n).

o entry: Nominal electrical stress is expressed in kV/mm.

ned design

screen design that cembines radial watertightness and electrical properties

o entry: Details of the construction are given in 4.3.

pte design

screen design that uses different metal components for radial watertightnes

defined

aint of

s and

cal‘properties

Note 1 to entry: Details of the construction are given in 4.3.

3.3.5
separ
SscD

ate semi-conductive design

metal screen design that has separated electrical and radial watertightness properties and uses
semi-conductive plastic-coated foil

Note 1 to entry: Details of the construction are given in 4.3.

3.3.6

conductor cross section

nomin

al conductor cross section in accordance with IEC 60228
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3.3.7

maximum mechanical load

MML

highest mechanical cantilever load which is expected to be applied to a composite outdoor

termin

3.3.8

ation insulator in service and for which it is designed

joint with screen or metal sheath interruption
joint, where the metallic sheath, shield and insulation screen of the cable are electrically
interrupted

3.3.9
cable
cable
electri

3.3.10

accessory with screen or metallic sheath interruption
accessory, where the metallic sheath, shield and insulation screen of the_ eab
cally interrupted

termirTation with sectionalizing insulation

termi
groun

4 V

4.1

In this
and a

4.2

This d
also §
tempe

Itis re
docuni

4.3
This ¢

ation, where the metallic sheath, shield and insulation are electrically interrupted
i}

pltage designations, materials and rounding oficnumbers

Rated voltages

document, the symbols U,, U and U,, are usgd to designate the rated voltages of
cessories where these symbols have the meanings given in IEC 60183.

Cable insulating compounds
ocument applies to cables insulated with one of the compounds listed in Table 1,

pecifies, for each type of insulating compound, the maximum operating con
ratures on which the specified test conditions are based.

commended that cable cores with a crosslinked insulation system in accordance w
ent should have been degassed.

Cable metal.screens/sheaths

ocument.applies to the various designs in use. It covers designs providing a

watertightness-and designs that do not provide radial watertightness.

In all ¢

le are

to the

cables

which
ductor

th this

radial

ases the metal screen/sheath shall be able to meet the screen short circuit rating

Designs that provide radial watertightness mainly consist of:

e seamless metal sheaths;

e longitudinally applied metal tapes or foils bonded to the oversheath:

CD: a metal screen design using a metal tape or foil, with either a welded or
overlap, that carries part or all of the screen short circuit current with, if necessary,
wires to carry part of the short circuit current;

glued
metal

SD: a metal screen design using a laminated metal foil, coated on one or both sides for
radial watertightness, and metal wires for carrying the full screen short circuit current;
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SscD: a metal screen design using a thin lead or Al foil coated with glue on the outer
side and semi-conductive plastic on the underside, over a layer of semi-conductive tape,

which is in turn over a layer of round copper wires. Typically, the aluminium foil a
semi-conductive plastic are each 0,05 mm thick;

NOTE 1 Definitions of CD, SD, and SscD are given in 3.3.3, 3.3.4 and 3.3.5

nd the

e composite screens, involving a layer of wires and either a metal sheath or a metal tape or
foil bonded to the oversheath, acting as a radial water impermeable barrier (see Clause 5).

NOTE 2 During development of the cable and cable system, with a longitudinally applied metal tape or foil
bonded to the oversheath, the tests as specified in IEC TR 61901 are preferred.

~V-SRVVI S P~ “WP- PN -V-X 3
T T T

Desigmns

e Mqg

e al
4.4

Tests
- ST
- ST
- ST

The CI

therm

The 1
oversl

If ther
be pf
Black

NOTE 1
perform

applied
NOTE 3

4.5

\AARIAZ N O TT0

prﬂ‘vll
tal tapes or foils not bonded to the oversheath,

hyer of metal wires only.
Cable oversheathing compounds
are specified for five types of oversheath, as follows:

4 and ST, based on polyvinyl chloride (PVC);
s and ST, based on polyethylene (PE);

412 based on low smoke halogen free material (LSHF)!

| and fire performance required during instalfation and operation.

oice of the type of oversheath depends on the{design of the cable and the mechanical,

haximum conductor temperatures invcnormal operation for the different types of

eathing compounds covered by this document are given in Table 2.

b is concern that the oversheath will be deteriorated by UV radiation, the oversheat
otected against UV radiation, which will be mutually agreed with the

h shall
client.

PE oversheaths containing-the required amount of a suitable and well-dispersed grade of
carbon black (see Table 5) are 'protected against UV radiation.

For installation in air.as for example in tunnels or buildings, it is preferable for the cable to have s

me fire

ance and low smoke(and zero halogen properties. For such applications, an ST,, (LSHF) oversheatH can be

For somesapplications the oversheath can be covered by a functional layer (e.g. semi-conductive)

Rounding of numbers

The pr

ocedure given in Annex B shall be applied to all numbers and values employed or d

|erived

durin

il bl ol 4
urc ust© UT U11s UULUUTTITTIL.

5 Precautions against water penetration in cables

When cable systems are installed in the ground, in easily flooded galleries or in water, a radial

water

impermeable barrier is recommended.

Longitudinal water barriers may also be applied in order to avoid the need to replace long
sections of cable in case of damage in the presence of water.

A test

NOTE

for longitudinal water penetration is given in 12.5.15.

No test for radial water penetration is currently available.
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6 Cable characteristics

For the purpose of carrying out the cable system or cable tests described in this document and
recording the results, the cable shall be identified. The following characteristics shall be
declared by the manufacturer:

a) Name of manufacturer, type, designation and manufacturing date (date of last production

ph
b) Ra

ase) or date code.
ted voltage: values shall be given for Uy, U, U, (see 4.1 and 8.4).

c) Fire performance: if ST, ST, or ST, oversheath material is used, then the subclauses of

12

NOTE

d) Ty
co
if g
Crq
res

e) Co
ing
to

f) Ty

g) Pr

h) Me

i) Cog
na

) Ng
k) No
1) No
m) No

n) Cglculated*nominal electrical stress at conductor screen (E;) and at insulation screen

L4 4 4 lotala L : [ ol 1
J. 15 TU WIHTCTT CUTTTPTIATICT 1o LIdITITU, appuly .

Fire performance is dependent on the cable design as well as the oversheath material.

pbe of conductor, its material and nominal cross-sectional area, in square mm; con
hstruction; presence, if any, and nature of measures taken to reduce skin.effect; pre
ny, and nature of measures taken to achieve longitudinal watertightness; if the n
ss-sectional area is not in accordance with IEC 60228, the maximum DC con
istance, corrected to 1 km length and to 20 °C.

mpound (as defined in Table 1) and nominal thickness of insulation (z,) (see 4.2)

ulation is XLPE, special additives shall be declared if the higher value of tan ¢ acc
Table 3 is applicable.

pe of manufacturing process for insulation system.

bsence, if any, and nature of watertightness measures in the screening area.

tal screen/sheath:

constructional details of metal screen, for\example material and construction of

metal sheath, or longitudinally applied metal tape or foil bonded to the oversheath,
For cables with longitudinal applied:metal tape or foils bonded to the oversheath w
the type CD or SD or SscD;

maximum DC resistance of the‘metal screen.

mpound (as defined in Table 2) and nominal thickness of oversheath, and if appl
ure and material of semisconductive covering.

minal diameter of the _conductor (d).

minal overall dijameter of the cable (D).

minal capdacitance, corrected to 1 km length, between conductor and metal screen/s

ductor
sence,
pminal
ductor

If the
prding

metal

screen, number and diameter of wires;~material, construction and nominal thicknjess of

if any.
hether

cable,

minal inner diameter (d;;) and calculated nominal outer diameter (D;,) of the insulation.

heath.
(Eo):

LUO
B=———
dijxIn( Dy, / djj )

- 2Uy
° DoxIn(Dy /dy)

where:
Dig = djj + 2tp;
D., is the calculated nominal outer diameter of the insulation, in mm;

d
t

n

10

is the declared nominal inner diameter of the insulation, in mm;

is the declared nominal insulation thickness, in mm.
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Standard values of Uy in kV are given in Table 4.

If the calculated nominal electrical stress at the conductor screen is higher than 8,0 kV/mm
and/or the calculated nominal electrical stress at the insulation screen is higher than
4,0 kV/mm, then a prequalification test according to Clause 13 is required.

Th

e design of any integrated optical element(s), if applicable.

Whether a prequalification test is required and/or detailed test report(s) for existing relevant
PQ test(s) covering the cable system, if any.

7 Accessories characteristics

7.1

Gas ir
accorq

7.2

Comp
Level
specif

purchaser and supplier.

7.3

For th

and rgcording the results, the accessory shall becdentified.

The fdllowing characteristics shall be declaréd.by the manufacturer:

a)

b) ad

c)

d)

ca

Sse

Ccu

Gas immersed cable terminations

nmersed cable terminations for use at rated voltages above 52 kV shall be‘desig
ance with IEC 62271-209.

Composite insulators for outdoor cable terminations

psite insulators for outdoor cable terminations shall have an MME¢omplying with T4
or Il. Level | refers to a normal load and shall be generally applied, unless a pur
es a heavy load of Level Il. Alternatively, a different value of MML may be agreed be

Accessory characteristics to be declared

e purpose of carrying out the cable system or.accessory tests described in this doc|

bles used for testing accessories shall be correctly identified as in Clause 6;

b Clause H.1;

assembly technique,

type, reference number and any other identification of the connector(s),
details of the type test approval of the connector(s), if applicable;
cessorigs 1o be tested shall be correctly identified with respect to:

name ‘of manufacturer,

hed in

ble 10,
haser
tween

ument

rawing shall be provided in which all relevant features tested under Annex H are ghown,

frent carrying connections-used within the accessories shall be correctly identifi¢d, for
both the conductor and metal screen, with respect to:

type, designation and manufacturing date or date code,

rated voltage (see Clause 6 b) above),

material type of rubber mouldings forming the main insulation (e.g. silicone rub
EPDM),

material type of dielectric fluid filling, if any,
type of outer protection,
whether the design includes sheath sectionalizing insulation,

installation instructions (reference and date);

e) additional requirement for gas immersed terminations:

ber or

whether or not the termination insulator is suitable for supply to the switchgear

manufacturer, in order to confirm compatibility and performance for the installation
switchgear before delivery to site,

in the
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f) ad

if suitable, the measures which are required to allow the switchgear routine test to be

carried out without the cable present;
ditional requirements for composite outdoor termination insulators:
the MML value for the composite insulator, see 7.2,

for insulators which will be pressurized in service, the maximum service pressure (

8 Test conditions

8.1

Unles
ambie

8.2

Unles

Ambient temperature

MSP).

5 otherwise specified in the details for the particular test, tests shall be carried ou
ht temperature of (20 £ 15) °C.

High voltage tests

5 otherwise indicated in this document, high voltage tests shall: bé carried

accordance with IEC 60060-1. All high voltage tests in this document \are withstand v

tests.

No "afjmospheric correction for dry tests" (IEC 60060-1:2010, 4.3)/shall be applied to t

voltag

8.3

In acc
betwe

e values specified in this document.

Waveform of lightning impulse test voltages

IEC 60060-1.

8.4

Relationship of test voltages to rated voltages

at an

but in
pltage

e test

brdance with IEC 60230, the front time of the.standard lightning impulse voltage shall be
en 1 us and 5 us. The time to half value shall be 50 ys £ 10 ys as speciffjed in

Whergq test voltages are specified in-this document as multiples of the rated voltage {j, the

value

pf Uy, for the determination of the test voltages shall be as specified in Table 4.

determination of test voltages may be the same as for the nearest rated voltage which is

provid
value

For cgbles and accessories of'rated voltages not shown in the table, the value of U Ig)r the

led that the value.of U, for the cable and accessory is not higher than the corresp
in the table.«Otherwise, and particularly if the rated voltage is not close to one

valueg in the table,the value of Uy on which the test voltages are based shall be the rated

i.e. U
multip

The t

divided by) V3. The associated test voltages shall be established by calculation usi
iers_given in Table 4 or interpolation where no multiplier is given.

are used on systems of category A or B, as defined in IEC 60183.

8.5

Determination of the cable conductor temperature

iven,
nding
of the
value,

hg the

sories

It is recommended that one of the test methods described in Annex A is used to determine the

actual

conductor temperature.

9 Routine tests on cables and accessories

9.1

General

The following tests shall be carried out on each manufactured length of cable:

a) partial discharge test (see 9.2);
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b) voltage test (see 9.3);
c) electrical test on oversheath of the cable, if required (see 9.4).

The order in which these tests are carried out is at the discretion of the manufacturer.

The main insulation of each prefabricated accessory shall undergo partial discharge (see 9.2)
and voltage routine tests (see 9.3) according to either 1), 2) or 3) below:
1) on accessories installed on cable;

2) by using a host accessory into which a component of an accessory is substituted for the
test;

3) by|using a simulated accessory rig in which the electrical stress environment of\gd main
ingulation component is reproduced.

In casps 2) and 3), the test voltage shall be selected so as to obtain electrical stresses aft least
the sgme as those on the component in a complete accessory when subjected to the test
voltages specified in 9.2 and 9.3.

The insulator of a gas immersed termination shall also be subjected(teo-the routine tests| given
in IEC|62271-2009.

Comppsite outdoor termination insulators which will be subjected to internal gas presdure in
servicg shall be subjected, at normal atmospheric pressure.and normal ambient tempefature,
to a rgutine hydraulic or gas (e.g. air, SFg, helium) test-pressure corresponding to 2,0 ¥ MSP

for at |least 1 min. No failure shall occur.

Routine tests do not apply to heat or cold shrink*accessories or to accessories taped fand/or
moulded on-site.

NOTE |The main insulation of prefabricated accessories consists of the components that come in direct contpct with
the cabje insulation or are necessary to controlsthe electric stress distribution in the accessory. Examples @re pre-
mouldefl or precast elastomer or filled epoxy, fesin insulating components that can be used singly or jointly to|provide
the necpssary insulation or screening of accessories.

9.2 |Partial discharge test

The partial discharge test'shall be carried out in accordance with IEC 60885-3 for cablg¢s and
the sepsitivity as definegdin IEC 60885-3 shall be 10 pC or better. Testing of accessories fpllows
the same principles, but the sensitivity shall be 5 pC or better.

The tgst voltageishall be raised gradually to, and held at, 1,75 U, for 10 s and then slowly
reduced to 4;5.U, (see Table 4, column 5).

Therelshall be no detectable dienhnrgn r:yr-nnriing the declared aneifi\/i’r\/ from the test bject

at 1,5 Uj.

9.3 Voltage test

The voltage test shall be made at ambient temperature using an alternating test voltage at
power frequency.

The test voltage shall be raised gradually to 2,5 U, (see Table 4, column 4) and then be held
for 30 min between the conductor and metal screen/sheath.

No breakdown of the insulation shall occur.
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9.4 Electrical test on oversheath of the cable
When the test is required by the particular contract, the cable oversheath shall be subjected to
the electrical test specified in Clause 3 of IEC 60229:2007.

10 Sample tests on cables

10.1 General

The following tests shall be carried out on samples which, for the tests in items b) and g), may
be complete drum lengths of cable, taken to represent batches:

a) conductor examination (see 10.4);

b) megasurement of electrical resistance of conductor and of metal screen (see 10v5Y;
c) mgasurement of thickness of insulation and oversheath (see 10.6);

d) megasurement of thickness of metal sheath (see 10.7);

e) megasurement of diameters, if required (see 10.8);

f) ho} set test for XLPE, EPR and HEPR insulations (see 10.9);

g) megasurement of capacitance (see 10.10);

h) magasurement of density of HDPE insulation (see 10.11);

i) lightning impulse voltage test for a cable with calculated nominal electrical strgss at
cohductor screen > 8,0 kV/mm when calculated according to Clause 6, item n) (see 10.12);

j) wdqter penetration test, if applicable (see 10.13);

k) tegts on components of cables with a longitudinally applied metal tape or foil, bonded|to the
oversheath (see 10.14).

10.2 |Frequency of tests

The sample tests in items a) to h) and k) of 10.1 shall be carried out on one length fronr each
batch |(manufacturing series) of the same type and cross-section of cable, but shall be [imited
to notjmore than 10 % of the number of lengths in any contract, rounded to the nearest{whole

number.

The frequency of the tests*in items i) and j) of 10.1 shall be in accordance with agreed quality
contrgl procedures. Inrthe absence of such an agreement, one test shall be made for conptracts
with a|cable lengthtgreater than 20 km.

10.3 |Repetition of tests

If the [sample from any length selected for the tests fails in any of the tests in 10.1, {urther
samples.shall be taken from two further lengths of the same batch and subjected to thef same
tests as those in which the original sample failed. If both additional samples pass the tests, the
other cables in the batch from which they were taken shall be regarded as having complied with
the requirements of this document. If either fails, this batch of cables shall be regarded as
having failed to comply.

10.4 Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction, or the declared
construction, shall be checked by inspection and measurement when practicable.
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10.5 Measurement of electrical resistance of conductor and metal screen

The cable length, or a sample thereof, shall be placed in the test room, which shall be
maintained at a reasonably constant temperature for at least 12 h before the test. If there is a
doubt that the conductor or metal screen temperature is not the same as the room temperature,
the resistance shall be measured after the cable has been in the test room for 24 h. Alternatively,
the resistance can be measured on a sample of conductor or metal screen, conditioned for at
least 1 h in a temperature-controlled liquid bath.

The DC resistance of the conductor or metal screen shall be corrected to a temperature of 20 °C
and 1 km length of cable in accordance with the formulae and factors given in IEC 60228. For
screens other than copper or aluminium, temperature coefficients and correction formulae shall
be taken respectively from Table 1 and 2.1.1 of IEC 60287-1-1:2006.

The cprrected DC resistance of the conductor at 20 °C shall not exceed the “apprqpriate
maxinmum value specified in IEC 60228 or, when a value for maximum DC conductor resigtance
is declared in Clause 6 d), then the corrected DC resistance of the conductaryat 20 °C shfall not
exceefl the declared value.

The corrected DC resistance of the metal screen at 20 °C shall not exceed the declared |value.

10.6 |Measurement of thickness of cable insulation and oversheath
10.6.1 General

The tgst method shall be in accordance with IEC60811-201 for the insulation. Fpr the
oversheath the test method in accordance  with IEC 60811-202:2012 | and
IEC 60811-202:2012/AMD1:2017 shall be applieds.except that for sheaths where the underlying
surface is not irregular the measurement may.be made with a micrometer having a bal| nose
radius|of 2,5 mm to 3 mm. The accuracy of the micrometer shall be 0,01 mm.

Each ¢able length selected for the test shall be represented by a piece taken from one end after
having discarded, if necessary, any gortion that may have suffered damage.

In 10.6 the following symbols are used:

t is the maximum measured thickness, in mm;

max

t is the minimum measured thickness, in mm;

mnin

t is thesnominal thickness, in mm.

h

10.6.2 ,Requirements for the insulation

The minimum measured thickness shall not be less than 90 % of the nominal thickness:

trmin 2 0,90 £,

min =

and additionally: Imax ~'min < 0,15
tmax

tmax @nd i, shall be measured at the same cross-section of the insulation.

The thickness of the semi-conducting screens on the conductor and over the insulation shall
not be included in the thickness of the insulation.
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10.6.3 Requirements for the cable oversheath

The minimum measured thickness shall not be less than 85 % of the nominal thickness minus
0,1 mm:

trmin 2 0,85 £, = 0,1

In addition, for oversheaths applied onto a substantially smooth surface, the average of the
measured values rounded to 0,1 mm shall be not less than the nominal thickness.

Measurement of thickness of metal sheath

10.7.1 General

The following tests apply if the cable has a metal sheath of lead, lead allgy*Copper or alum
Foils which are applied for radial watertightness purposes only are excluded from these

In 10.

t

t

r the following symbols are used:

hin IS the minimum measured thickness, in mm;

X is the nominal thickness, in mm.

10.7.24 Lead or lead alloy sheath

10.7.2.1 General

The nmjinimum measured thickness of.the sheath shall not be less than 95 % of the n

thickn

bss minus 0,1 mm:

20,95 1, - 0,1

Imin

The thlickness of the sheath shall be measured by one of the following methods, at the disq

of the

manufacturer.

10.7.2.2  Strip method

such

inium.
tests.

pminal

retion

meter.

The mfasurement shall be made with a micrometer with plane faces of 4 mm to 8 mm dia

The a

curacy of the micrometer shall be £0,01 mm.

The measurement shall be made on a test piece of sheath about 50 mm in length removed from
the completed cable. The piece shall be slit longitudinally and carefully flattened. After cleaning
the test piece, a sufficient number of measurements shall be made along the circumference of
the sheath and not less than 10 mm away from the edge of the flattened piece to ensure that

the m

inimum thickness is measured.

10.7.2.3 Ring method

The measurements shall be made with a micrometer having either one flat nose and one ball
nose, or one flat nose and a flat rectangular nose 0,8 mm wide and 2,4 mm long. The ball nose
or the flat rectangular nose shall be applied to the inside of the ring. The accuracy of the
micrometer shall be £0,01 mm.
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The measurements shall be made on a ring of the sheath carefully cut from the sample. The
thickness shall be determined at a sufficient number of points around the circumference of the
ring to ensure that the minimum thickness is measured.

10.7.3 Copper or aluminium sheath

The minimum measured thickness of the sheath shall not be less than 90 % of the nominal

thickn

and n

ess minus 0,1 mm for a non-corrugated copper or aluminium sheath:

tmin 2 0,9 1, = 0,1

min =

bt less than 85 % of the nominal thickness minus 0,1 mm for a corrugated cop

aluminium sheath:

20,85 1, - 0,1

Imin

The measurements shall be made with a micrometer having ball noses of'radii about 3 mr
accuracy shall be £0,01 mm.

The m
from t
aroun

The
thickn

he complete cable. The thickness shall be determined at a sufficient number of
I the circumference of the ring to ensure that the minimum thickness is measured.

10.7.:] Metal tape for CD design

inimum measured thickness of the metal tapée shall not be less than 90 % of the n
PSS!

Imin 20,9 Iy

The mleasurements shall be made with a micrometer having ball noses of radii about 3 mr
accurgcy shall be £0,01 mm.

The measurements shall.be made on a ring of the tape and oversheath, about 50 mm
carefully removed from, the complete cable. The thickness shall be determined at a nunj

points
thickn

10.8
If the

BSS is measured.

Measurement of diameters

burChaser requires that the diameter of the core and/or the overall diameter of the

anod

per or

h. The

easurements shall be made on a ring of the sheath, about\50 mm wide, carefully removed

points

pminal

n. The

wide,
ber of

around the cireumference and on the side ends of the ring to ensure that the mipimum

cable

1 el 4 1 e : ! f— ! e 1=
Sha” O TIEadSUTTU, IMTE TIMTEdSUTETITETTLS STTdliT DT CATITITEU UUT TIT aCTUTUATITCE WTUT TEC OUOCT

10.9
10.9.1

Hot set test for XLPE, EPR and HEPR insulations

Procedure

-203.

The sampling and test procedure shall be carried out in accordance with IEC 60811-507,

emplo

ying the test conditions given in Table 8.

The test pieces shall be taken from that part of the insulation where the degree of cross-linking

is con

sidered to be the lowest for the curing process employed.

10.9.2 Requirements

The test results shall comply with the requirements given in Table 8.
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10.10

Measurement of capacitance

The capacitance shall be measured between conductor and metal screen/sheath at ambient

tempe

rature, and the ambient temperature shall be recorded with the test data.

The measured value of the capacitance shall be corrected to a 1 km length and shall not exceed

the de

10.11
10.11.

clared nominal value by more than 8 %.

Measurement of density of HDPE insulation

1 Procedure

The density of HDPE shall be measured using the sampling and test procedure_gi

IEC 6

10.11

The rqg

10.12

This test is only required for cables with a nominal electric conduetor stress > 8,0 kV/mn).

The t
acces

811-606.

2 Requirements

sults of the test shall comply with the requirements given in Table 8:

Lightning impulse voltage test

pst shall be performed on a complete cable at least 10 m in length excludin
sories, at a conductor temperature 5 Kto 10 K above maximum conductor tempera

normal operation.

The a
requir

If, for
may b
limits

Esembly shall be heated by conductor current’only, until the cable conductor reach
bd temperature.

e applied. The conductor temperature shall be maintained within the stated tempe
or at least 2 h.

The lightning impulse voltage shall be applied, according to the procedure given in I[EC §

while
withod
Table

he conductor temperature is within the limits stated above. The cable shall with
t failure, 10 positiveyand 10 negative voltage impulses of the appropriate value gi
4, column 8.

No brgakdown ofythe insulation shall occur.

en in

g test
fure in

es the

practical reasons, the test temperature cannot be reached, additional thermal insiilation

rature

0230,
stand,
ven in

h from

10.13 |Water penetration test

If longfitudinal water blocking measures are employed in the cable, samples shall be take

the complete cable, the test shall be applied and the requirements shall be met as described in
12.5.15.

10.14 Additional tests on components of cables with a longitudinally applied metal tape

or foil, bonded to the oversheath

For cables with a longitudinally applied metal tape or foil bonded to the oversheath, a 1 m
sample shall be taken from the complete cable and subjected to the tests and requirements in

12.51

6.
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11 Sample tests on accessories

11.1 Tests on components of accessory

The characteristics of each component shall be verified in accordance with the specifications
of the accessories manufacturer, either through test reports from the supplier of a given
component or through internal tests.

The manufacturer of a given accessory shall provide a list of the tests to be performed on each
component, indicating the frequency of each test.

The c¢mponents shall be inspected against their drawings. There shall be no deviation,dutside
the delclared tolerances.

NOTE |As components differ from one supplier to another, it is not possible to define commen, sample tests on
comporjents in this document.

11.2 [Tests on complete accessory

For ag¢cessories where the main insulation cannot be routine tested™(see 9.1), the folfowing
electrical tests shall be carried out by the manufacturer on a fully,assembled accessory:

a) paltial discharge test (see 9.2);
b) voltage test (see 9.3).

—

The s¢quence in which these tests are carried out is at'the discretion of the manufacturgr.

NOTE |Examples of main insulations that are not routine tested are heat shrink insulations and insulations taped
and/or moulded on site.

These|tests shall be performed on one acce§sory of each type per contract if the number pf that
type in the contract is above 50.

If the gample fails either of the aboye\two tests, two further samples of the same accessolly type
shall ttLe taken from the contractcand subjected to the same tests. If both additional sgmples
pass the tests, the other accessories of the same type from the contract shall be regarded as
having complied with the requirements of this document. If either fails, this type of accéssory
of the|contract shall be regarded as having failed to comply.

12 Type tests on'cable systems

12.1 |General

The tgsts’specified in Clause 12 are intended to demonstrate the satisfactory performahce of
cable systems-

Once successfully completed, type tests need not be repeated, unless changes are made in the
cable or accessory with respect to materials, manufacturing process, design or design electrical
stress levels, which might adversely change the performance characteristics.

The clause references to be considered during a type test on a cable system are given in
Annex C, Table C.1.

Type tests on gas immersed cable terminations for use at system voltages above 52 kV shall
be carried out according to IEC 62271-209 in addition to the tests specified in this document.

Additional electrical type tests are required in IEC 62271-209, for the case where the gas
immersed termination insulator is to be supplied to the switchgear manufacturer, to demonstrate
that the termination can meet the switchgear routine and on-site tests.
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NOTE 1 It can be convenient to carry out these additional tests using the same cable and insulator as employed
for the cable system type test given in this document.

NOTE 2 Tests on terminations under extraneous precipitation or pollution are not specified in this document.
12.2 Range of type approval

When type tests have been successfully performed on one or more cable system(s) of specific
cross-section(s), and of the same rated voltage and construction, the type approval shall be
considered as valid for cable systems within the scope of this document with other cross-
sections, rated voltages and constructions, provided that all the following conditions of a) to f)
are met:

Type {ests which have been successfully performed according to the previous edition pf this
document are valid.

a) THhe voltage group is not higher than that of the tested cable system(s). Cable) systems of
the same voltage group are those of rated voltages having a common valueof U, highest

voltage for equipment, and the same test voltage levels (see Table 4,ccolimn 1 and R).

b) ThE conductor cross-section is not larger than that of the tested cable.

c) Th
c

cable and the accessories have the same or similar constructions as those of the ftested
ble system(s).

[V

Cqbles and accessories of similar construction are¢ those of the same typg¢ and
mgnufacturing process of insulation and semi-conducting)screens.

Repetition of the electrical type tests is not necessary*on account of the differences|in the
copductor or connector type or material or of the protective layers applied over the screened
cofes or over the main insulation part of the accessory, unless these are likely to have a
significant effect on the results of the test. In some instances, it may be appropriate to fepeat
one or more of the type tests (e.g. bendingAé€st, heating cycle test and/or compatibility test).

d) The calculated nominal electrical stress and the impulse voltage stress at the|cable
copductor screen calculated using.nominal dimensions do not exceed the respective
calculated stresses of the tested cable system(s) by more than 10 %.

e) The calculated nominal electrical stress and the impulse voltage stress at the|cable
inqulation screen calculated._using nominal dimensions do not exceed the respective
calculated stresses of the(tested cable system(s).

f) The calculated nominalheléectrical stresses and the impulse voltage stresses calculateq using
nominal dimensions within the main insulation parts of the accessory and at the cabje and
actessory interfaces do not exceed the respective calculated stresses of the tested| cable
system(s).

g) For plug-intypé bushings, full compliance is given only with the combination of the blishing
anfd separable connector and cable used in the type test.

Uslers,should be aware that separable connector performance and compatibility shall be
checked if the bushing installed in the separable connector is different from that uged for
the insulated termination qualification.

For the extension of compliance to other combinations of separable connectors and
bushings, in order to ensure an interchangeability of bushings, it is appropriate to repeat
one or more of the electrical type tests (e.g. partial discharge test).

The type tests on cable components (see 12.5) only need to be carried out on samples from
cables of different voltage ratings and/or conductor cross-sectional areas if different materials
and/or different manufacturing processes are used to produce them. However, repetition of the
ageing tests on pieces of completed cable to check compatibility of materials (see 12.5.5) is to
be mutually agreed with the client if the combination of materials applied over the screened
core is different from that of the cable on which type tests have been carried out previously.
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A type test certificate signed by the representative of a competent withessing body, or a report
by the manufacturer giving the test results and signed by the appropriate qualified officer, or a
type test certificate issued by an independent test laboratory, shall be acceptable as evidence
of type testing.

12.3 Summary of type tests

The type tests shall comprise the electrical tests on the complete cable system as specified in
12.4, and the appropriate non-electrical tests on cable components and completed cable
specified in 12.5.

The npr-elestrical-tests—on—ecable—cempenen i i 5 and
Table |9, |nd|cat|ng which tests are appllcable to each msulatlon and oversheath compounfd. The
tests ynder fire conditions are only required if the manufacturer wishes to claim compliange with
these tests as a special feature of the design of the cable.

The tests listed in 12.4.2 shall be performed on one or more samples of,Complete [cable,
depending on the number of accessories involved, at least 10 m in length excluding the
accessories.

The miinimum length of free cable between accessories shall be 5 m.

The afcessories shall be installed after the bending test on“the cable. One sample of each
accessgory type shall be tested.

Cable|and accessories shall be assembled in the.manner specified by the manufacfurer's
instrugtions, with the grade and quantity of materials supplied, including lubricants if anyj.

The ekternal surface of accessories shall be*dry and clean, but neither the cables npr the
accessgories shall be subjected to any formyof conditioning not specified in the manufacturer's
instrugtions which might modify the electrical, thermal or mechanical performance.

During tests c¢) to g) of 12.4.2, it islnecessary to test joints with their outer protection fittgd.

Measyrement of resistivity of sémi-conducting screens described in 12.4.9 shall be made on a
separate sample.

12.4 |Electrical type-tests on cable systems

12.4.1 Test voltage values

Prior to the-électrical type tests, the insulation thickness of the cable shall be measured py the
method §pecified in IEC 60811-201 on a representative sample taken from the length|to be

used tor-the tests to check that the average thickness is not excessive compared with the

nominal value.

If the average thickness of the insulation does not exceed the nominal value by more than 5 %,
the test voltages shall be the values specified in Table 4 for the rated voltage of the cable.

If the average thickness of the insulation exceeds the nominal value by more than 5 % but by
not more than 15 %, the test voltage shall be adjusted to give an electrical stress at the
conductor screen equal to that applying when the average thickness of the insulation is equal
to the nominal value and the test voltages are the normal values specified for the rated voltage
of the cable.

The cable length used for the electrical type tests shall not have an average insulation thickness
exceeding the nominal value by more than 15 %.
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12.4.2 Tests and sequence of tests

The tests in items a) to h) shall be made in the following sequence:

a) bending test on the cable followed by visual inspection, where applicable, (see 12.4.3) and
installation of the accessories and a partial discharge test at ambient temperature (see

12

4.4);

b) tan 6 measurement (see 12.4.5);

This test may be carried out on a different cable sample taken from the same manufacturing
batch, with test terminations which may be different from those used for the remainder of
the sequence of tests.

c) he
d) pa

Th
ite
e) lig
f) pa
g) ad
h) ex

tegts (see 12.4.8);

i) the
se

Test v

12.4.3 Bending test

The cible sample shall be bent around a test cylinder (for example, the hub of a cable

at am
sampl

This ¢

The n

1) fon cables‘with non-corrugated copper or non-corrugated aluminium sheaths:

hting cycle voltage test (see 12.4.6);
rtial discharge tests (see 12.4.4);

at ambient temperature, and

at high temperature.

e tests shall be carried out after the final cycle of item c) aboveor) alternatively
m e) below;

ntning impulse voltage test followed by a power frequency voltage test (see 12.4.7|
rtial discharge tests, if not previously carried out in item d)above;
Hitional tests for accessories (see Annex H);

bmination of the cable system with cable and accessories on completion of the

parate sample.

bltages shall be in accordance with the*values given in the appropriate column of T3

ient temperature for at least'one complete turn and unwound, without axial rotatio
e shall then be rotated through 180° and the process repeated.

ycle of operations~shall be carried out three times in total.

bminal diameter of the test cylinder shall be:

36 (d)* D) for single-core cables;

, after

above

resistivity of the cable semi-conducting screens (see 12.4.9) shall be measured on a

ble 4.

drum)
n. The

25d + D) for three-core cables;

2) for cables with lead, lead-alloy or corrugated metal sheaths:

25 (d + D) for single-core cables;
20 (d + D) for three-core cables;

3) for cables with longitudinally applied metal tape or foils (overlapped or welded) bonded to
the oversheath:

20 (D + d) for CD,
25 (D + d) for SD and CD + wires,
10 D¢ for SscD.

4) for other cables:

20 (d + D) for single-core cables;
15 (d + D) for three-core cables;
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d is the nominal diameter of the conductor, in mm (see Clause 6, item j));

D is the nominal overall diameter of the cable, in mm (see Clause 6, item k));

Dy is t

he nominal diameter of the metal screen/sheath layer, in mm.

The tolerance for the diameter of the test cylinder is -0 % + 5 % of the nominal diameter.
Smaller bending diameters may be used at the discretion of the manufacturer.

In the case of cables with a laminated metal tape or foil, a visual examination according to
Annex G, Clause G.1 shall be carried out, after completion of the three bending cycles.

12.4.4 Partial discharge tests

The tqg
better

The t
reduc

When
condu
operat
for at

If, for
may b

There
at1,5

12.4.5

The s
detern
screel|
cable

The s
10 K 3

If, for

sts shall be performed in accordance with |IEC 60885-3, the sensitivity)being 5

st voltage shall be raised gradually to and held at 1,75 U, for\t0 s and then
dto 1,5 U, (see Table 4, column 5).

performed at high temperature, the test shall be carried\out on the assembly at a
ctor temperature 5 K to 10 K above the maximum cableconductor temperature in 1
ion. The conductor temperature shall be maintained within the stated temperature
east 2 h. The assembly shall be heated by condfictor current only.

e applied.

shall be no detectable discharge exceeding the declared sensitivity from the test
Uy.

Tan 6 measurement

hmple shall be heated by conductor current only and the temperature of the con
nined either by measuring its resistance or by temperature sensors on the surface
/sheath, or by temiperature sensors on the conductor of another sample of the
heated by the same means.

hmple shall~be heated until the conductor reaches a temperature which shall be
bove the-maximum conductor temperature in normal operation.

pC or

Slowly

cable
ormal
limits

practical reasons, the test temperature cannot be reached, additional thermal insdilation

object

ductor
of the
same

5 K to

practical reasons, the test temperature cannot be reached, additional thermal insuillation

may b

apptied:

The conductor temperature shall be maintained within the stated temperature limits for at least

2 h.

The tan ¢ shall then be measured at a power frequency voltage of U, at the temperature
specified above (see Table 4, column 6).

The m

12.4.6

easured value shall not exceed the value given in Table 3.

Heating cycle voltage test

The cable shall have a U-bend with a diameter not greater than the test cylinder diameter,
including the +5 % tolerance, as specified in 12.4.3.
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The assembly shall be heated by conductor current only, until the cable conductor reaches a
steady temperature 5 K to 10 K above the maximum conductor temperature in normal operation.

If, for practical reasons, the test temperature cannot be reached, additional thermal insulation
may be applied. The heating shall be applied for at least 8 h. The conductor temperature shall
be maintained within the stated temperature limits for at least 2 h of each heating period. This
shall be followed by at least 16 h of natural cooling to a conductor temperature less than or
equal to 30 °C or within 10 K of ambient temperature, whichever is the higher. The conductor
current during the last 2 h of each heating period shall be recorded.

The cycle of heating and cooling shall be carried out 20 times.

During the whole of the test period, a voltage of 2 U, shall be applied to the assembly (see
Table |4, column 7).

Heating cycles with a conductor temperature higher than 10 K above the maximum congductor
temperature in normal operation are considered valid.

Interryption is allowed during the test, provided at least 20 valid heating cycles, with applied
voltage, are completed.

12.4.7] Lightning impulse voltage test followed by a power frequency voltage test

The agsembly shall be heated by conductor current onty,suntil the cable conductor reag¢hes a
steady temperature 5 Kto 10 K above the maximum conductor temperature in normal operation.

The cpnductor temperature shall be maintained within the stated temperature limits |for at
least 2 h.

If, for practical reasons, the test temperature cannot be reached, additional thermal insdilation
may He applied. The lightning impulsé-“voltage shall be applied, according to the progedure
given |n IEC 60230, while the conductor temperature is within the limits stated above.

The agsembly shall withstand without failure or flashover 10 positive and 10 negative vpltage
impulges of the appropriate value given in Table 4, column 8.

After the lightning impulse voltage test, the assembly shall be subjected to a power frequency
voltagp test at 2,5 &/,.for 15 min (see Table 4, column 9). At the discretion of the manufagturer,

this tesst may bedcarried out either during the cooling period or at ambient temperature.

No brgakdown of the insulation or flashover shall occur.

12.4.8—Exammimation
12.4.8.1 Cable and accessories

Examination of the cable by dissection of a sample and, whenever possible, of the accessories
by dismantling, with normal or corrected vision without magnification, shall reveal no signs of
deterioration (e.g. electrical degradation, leakage, corrosion or harmful shrinkage) which could
affect the system in service operation.

NOTE Additional guidance on the examination of cable and accessories is given in informative Annex J.

12.4.8.2 Cables with a longitudinally applied metal tape or foil, bonded to the
oversheath

A 1 m sample shall be taken from the U-bend part of the cable length and subjected to the tests
in 12.5.16.
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12.4.9 Resistivity of semi-conducting screens

12.4.9.1 General

Measurement of resistivity of the cable semi-conducting screens shall be made on samples
from the same manufacturing batch as the cable under test.

The resistivity of extruded semi-conducting screens applied over the conductor and over the
insulation shall be determined by measurements on test pieces taken from the core of a sample
of cable as manufactured, and a sample of cable which has been subjected to the ageing
treatment to test the compatibility of component materials specified in 12.5.5.

12.4.9.

The tg

The nj
tempe

12.4.9

The rqg

12.5
12.5.1

The tg

P)
q)

co

ing

los

prgssure testat high temperature for oversheaths (ST, ST,, ST,, and ST,,) (see 12

teq

2 Procedure

st procedure shall be in accordance with Annex D.

easurements shall be made at a temperature within 2 K of the maximum con
rature in normal operation.

.3 Requirements
sistivity, both before and after ageing, shall not exceed the following values:

hductor screen: 1 000 Om;
ulation screen: 500 Qm.

Non-electrical type tests on cable components and on complete cable
General
sts are as follows:

eck of cable construction (see 12:5.2);
e 12.5.3);

e 12.5.4);

s of mass test on PVC oversheaths for type ST, (see 12.5.6);

ts for PVC and LSHF oversheaths (ST4, ST,, ST,,) at low temperature (see 12.5.

he

ht.shock test for PVC oversheaths (ST, and ST,) (see 12.5.9);

bing tests on pieces of complete cable to check compatibility of materials (see 12.p.

ductor

ts for determining the mechanical properties of insulation before and after ageing

ts for determining the“mechanical properties of oversheaths before and after ggeing

ozone resistance test for EPR and HEPR insulations (see 12.5.10);
hot set test for EPR, HEPR and XLPE insulations (see 12.5.11);
measurement of density for HDPE insulation (see 12.5.12);

measurement of carbon black content for black PE oversheaths (ST; and ST;) (see 12.5.13);

test under fire conditions (ST4, ST, and ST,,) (see 12.5.14);

water penetration test (see 12.5.15);

tests for components of cables with a longitudinally applied metal tape or foil, bonded to the
oversheath (see 12.5.16);

shrinkage test for PE, HDPE and XLPE insulations (see 12.5.17);
shrinkage test for PE and LSHF oversheaths (ST3, ST, and ST,,) (see 12.5.18);
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r) determination of hardness for HEPR insulation (see 12.5.19);
s) determination of the elastic modulus for HEPR insulation (see 12.5.20)

12.5.2 Check of cable construction

The examination of the conductor and measurements of insulation, oversheath and metal
sheath thicknesses shall be carried out in accordance with 10.4, 10.6 and 10.7, and shall comply
with the requirements given therein.

12.5.3 Tests for determining the mechanical properties of insulation before and after
ageing

12.5.3.1 Sampling

Sampling and preparation of test pieces shall be carried out in accordancgd with
IEC 60811-501:2012 and IEC 60811-501:2012/AMD1:2018.

12.5.3.2 Ageing treatment

The ggeing treatment shall be carried out in accordance with IEC60811-401 undgr the
conditjons specified in Table 6.

12.5.3.3 Conditioning and mechanical tests

Conditioning and measurement of mechanical properties.shall be carried out in accordange with
IEC 6(0811-501:2012 and IEC 60811-501:2012/AMD 12018, except that:

a) it Js not compulsory to carry out tensile tests;'on the aged and unaged test piefes in
immediate succession and

b) any suitable measuring instrument may be’used, e.g. a micrometer.
12.5.3.4 Requirements

The tgst results for unaged and agéd-“test pieces shall comply with the requirements given in
Table |6.

12.5.4 Tests for determining the mechanical properties of oversheaths before angd
after ageing

12.5.41 Sampling

Sampling and.Sgpreparation of test pieces shall be carried out in accordancqd with
IEC 60811-504:2012 and IEC 60811-501:2012/AMD1:2018.

12.5.4.2</Ageing treatment

The ageing treatment shall be carried out in accordance with |IEC 60811-401 under the
conditions given in Table 7.

12.5.4.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out in accordance
with [EC 60811-501:2012 and IEC 60811-501:2012/AMD1:2018, except that:

a) it is not compulsory to carry out tensile tests on the aged and unaged test pieces in
immediate succession and

b) any suitable measuring instrument may be used, e.g. a micrometer.
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12.5.4.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in

Table 7.

12.5.5 Ageing tests on pieces of complete cable to check compatibility of materials

12.5.5.1 General

The ageing test on pieces of completed cable shall be carried out to check that the insu

lation,

the extruded semi-conducting screens and the oversheath are not liable to excessive

deterioration in operation due to contact with other components in the cable.

The tgst is applicable to cables of all types.

12.5.1.2 Sampling

Samples for the test on insulation and oversheath shall be taken from the~completed ca
descriped in IEC 60811-401.

12.5.9.3 Ageing treatment

The ageing treatment of the pieces of cable shall be carried out'in an air oven, as descri
IEC 60811-401, under the following conditions:

— temperature: (10 £ 2) K above the maximum conductor temperature of the cable in 1
operation (see Table 1);

— dufation: 7 x 24 h.
12.5.5.4 Mechanical tests

Test pieces of insulation and oversheath'drom the aged pieces of cable shall be prepare
subjegted to mechanical tests as described in IEC 60811-401.

12.5.9.5 Requirements

The vgriations between the median values of tensile strength and elongation at brea

ble as

bed in

ormal

d and

after

ageing and the corresponding values obtained without ageing (see 12.5.3 and 12.5.4) shlall not

exceef the values applying to the test after ageing in an air oven given in Table 6 for insu

12.5. Losscof'mass test on PVC oversheaths of type ST,

12.5.6.1 Procedure

ations

> OVaTst

under the conditions given in Table 9.

12.5.6.2 Requirements

The results shall comply with the requirements given in Table 9.

12.5.7 Pressure test at high temperature on oversheaths

12.5.7.1 Procedure

811-409

The pressure test at high temperature for ST4, ST,, ST; and ST, oversheaths shall be carried
out as described in IEC 60811-508:2012 and IEC 60811-508:2012/AMD1:2017, except that:
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a)

b)

The te

12.5.7

The rq

8.1 Procedure

either an oven with natural air circulation or one with fan assisted circulation may be
used. In the latter case better temperature control is possible, however the test sample
shall not be subjected to vibration, and

if the oversheath is solidly bonded to a metal sheath then the oversheath shall not be
removed from the metal sheath but shall be tested as if the metal sheath were the
mandrel. The metal sheath shall be supported so that it is not deformed during the test.

st conditions given in the test method and Table 7 shall be used.

.2 Requirements

Test on PVC oversheaths (ST,, ST,) and LSHF oversheaths (ST,,) atdow
temperature

The tesst at low temperature for ST4, ST, and ST4, oversheaths shall be@arried out as desfcribed

12.5.8

The r

IEC 6(

12.5.9

12.5.

The
IEC 6(

12.5.9.

The rqg

12.5.1
12.5.1

EPR g

.2 Requirements

sults of the test shall comply with the requirements given in IEC 60811-50p and
D811-506.

Heat shock test for PVC oversheaths (STy and ST,)

.1 Procedure

eat shock test on ST, and ST,Coversheaths shall be carried out as described in
D811-509, the test temperature and duration being in accordance with Table 9.

2 Requirements

sults of the test shall comply with the requirements given in Table 9.

0 Ozone resistance test for EPR and HEPR insulations
0.1 Procedure

nd HERR‘insulations shall be tested for resistance to ozone using the sampling and test

procedlure(described in IEC 60811-403. The ozone concentration and test duration shal| be in

accord

ance with Table 8.

12.5.1

0.2 Requirements

The results of the test shall comply with the requirements given in Table 8.

12.5.1

1 Hot set test for EPR, HEPR and XLPE insulations

EPR, HEPR and XLPE insulations shall be subjected to the hot set test described in 10.9 and
shall comply with its requirements.

12.5.1

2 Measurement of density of HDPE insulation

The density of HDPE insulation shall be measured in accordance with 10.11 and shall comply
with its requirements.
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12.5.13 Measurement of carbon black content of black PE oversheaths (ST; and ST;)

12.5.13.1 Procedure

The carbon black content of ST, and ST, black oversheaths shall be measured using the

sampling and test procedure described in IEC 60811-605:2012, except that after the final
heating stage (in which the remaining carbon is burnt), the sample shall not be allowed to cool
in the test assembly but shall be cooled in a desiccator, using the same procedure as used for
the previous cooling stage (but with air or oxygen instead of nitrogen gas flow).

If there is an extruded semi-conductive layer applied to the oversheath, this shall not be
la

includee-rthetestsample:

12.5.1[3.2 Requirements

The npminal value of the carbon black content shall be (2,5 + 0,5) %.

By agreement between manufacturer and customer lower values are:allowed for gpecial
applicptions not exposed to UV.

12.5.14 Test under fire conditions
12.5.14.1 General

Tests [shall be carried out following the relevant subclagses below, in accordance with the fire
performance claimed in Clause 6, item c).

12.5.14.2 Flame spread test on single cables

The tefst under fire conditions in accordance with IEC 60332-1-2 shall be carried out on a sample
of completed cable.

The rgsults shall comply with the requirements given in Table 9.

If a fajlure is recorded, two more tests shall be carried out. If both tests result in passgs, the
cable ghall be deemed to have passed the test.

12.5.14.3 Test for vertical flame spread of vertically mounted cables

The tefst for vertical:flame spread of vertically mounted cables shall be carried out in accondance
with IEC 60332-3-24, on samples of completed cable.

NOTE [Higher)performance to meet requirements of IEC 60332-3-22 or IEC 60332-3-23 can be agreed Hetween
manufafturer and customer. The fire performance level achieved depends on cable design as well as fnaterial
performias

The results shall comply with the requirements given in Table 9.

12.5.14.4 Measurement of smoke density of cables under defined conditions

The test for measurement of smoke density of cables under defined conditions shall be carried
out in accordance with IEC 61034-2:2005 and IEC 61034-2:2005/AMD1:201 on a sample of
completed cable.

The results shall comply with the requirements given in Table 9.
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12.5.14.5 Determination of acidity (by pH measurement) and conductivity of gases
evolved during combustion of the oversheath

The test according to IEC 60754-2 shall be carried out on the oversheath of the cable.
The results shall comply with the requirements given in Table 9.

12.5.14.6 Determination of acidity (by pH measurement) and conductivity of gases
evolved during combustion of the non-metallic materials in the cable

This test shall only be carried out if the test in 12.5.14.5 is also carried out.

The tgst according to IEC 60754-2 shall be carried out on the non-metallic components|of the
cable.

The weighted values of pH and conductivity of the cable shall be calculated according to
IEC 6(0754-2 and shall comply with the requirements given in Table 9.

12.5.1|5 Water penetration test

The water penetration test shall be applied to those designs of cable where barriers to
longitudinal water penetration have been included as declared inClause 6, item c) and Clause 6,
item f). The test is designed to meet the requirements for buried cables and is not intenfded to
apply to cables which are constructed for use as submarine ‘cables.

The tgst consists of two parts, one for the complete.cable and all its design elements arjd one
for th¢ water penetration in the conductor. The“apparatus, sampling, test procedure and
requirements shall be in accordance with Annex;E*and Annex F.

12.5.16 Tests on components of cables. with a longitudinally applied metal tape or{foil,
bonded to the oversheath

The sample shall be subjected to the:following tests:

a) viqual examination (see Clause G.1);
b) adhesion and peel strength of the laminated metal foil (see Clause G.2);

The apparatus, test pracedure and requirements shall be in accordance with Annex G.

12.5.17 Shrinkage‘test for PE, HDPE and XLPE insulations

12.5.17.1 Procedure

The sh
and té

12.5.17.2 Requirements

The results of the test shall comply with the requirements given in Table 8.

12.5.18 Shrinkage test for PE oversheaths (ST;, ST;) and LSHF oversheaths (ST,,)

12.5.18.1 Procedure

The shrinkage test shall be carried out on PE oversheaths of ST; and ST, and on LSHF
oversheaths of ST,, using the sampling and test procedure described in IEC 60811-503 and
the conditions specified in Table 7.
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8.2 Requirements

sults of the test shall comply with the requirements given in Table 7.

9 Determination of hardness of HEPR insulation

9.1 Procedure

The sampling and test procedure shall be carried out in accordance with Annex I.

12.5.1

9.2 Requirements

The rdsults of the test shall comply with Table 8.

12.5.20 Determination of the elastic modulus of HEPR insulation

12.5.20.1 Procedure

Samp
accorq

The Ig
be cal
test p
modul

The elastic modulus shall be the median value.

12.5.20.2 Requirements

The rqg

13 P

13.1

When
the m
voltag
screef|

The p
electri

ing, preparation of the test pieces and the test procedure shall be carried
ance with I[EC 60811-501:2012 and IEC 60811-501:2012/AMDA;2018.

ads required for 150 % elongation shall be measured. The\corresponding stresse

eces. The ratios of the stresses to strains shall be~determined to obtain the
us at 150 % elongation.

sults of the test shall comply with the'requirements of Table 8.

requalification test of the cable system

General and range of(prequalification test approval

a prequalification test has been successfully performed on a cable system, it qy
hnufacturer as ,a\supplier of cable systems of the same family with the same or

are equal-to'or lower than for the tested cable system.

requalification test shall be performed on cable systems where the calculated n

put in

5 shall

culated by dividing the loads measured by the cross-sectional areas of the unstrg¢tched

plastic

alifies
lower

e ratings, as.long as the calculated nominal electrical stresses at the cable inslilation

bminal

screef

higher than 4,0 kV/mm. The prequalification test shall be performed except:

cal stresses at the conductor screen are higher than 8,0 kV/mm and/or at the insTIation

— if cable systems with the same construction and accessories of the same family have been
prequalified for an equal or higher rated voltage;

— or if the manufacturer can demonstrate good service experience with cable systems with
equal or higher calculated electrical stresses on the conductor and insulation screens, in
the main insulation part(s) and in boundaries of the accessories and of accessories of the
same family;

— orif the manufacturer has fulfilled the requirements of an equivalent long-term test following
a national or customer specification on a cable system with the same construction and
accessories of the same family.

When a prequalified cable system is changed by exchanging a cable and/or accessory with
another one that is already prequalified in another cable system with the same or higher
calculated nominal electrical stresses at the insulation screen of the subjected system, the
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current prequalification shall be extended with this cable and/or accessory when the
requirements of 13.3 are all met.

When a prequalified cable system is changed by using another cable and/or accessory that is
not part of a prequalified cable system, or is already prequalified in another cable system with
lower calculated nominal electrical stresses at the insulation screen of the subjected system,
the prequalification test on this new complete cable system shall be performed by meeting all
requirements of 13.2.

A list of prequalification tests as well as extension of prequalification tests is given in Annex C.

The pfequalification test need only be carried out once unless there is substantial chahge in
the cable system with respect to material, manufacturing process, design or design electrical
stress|levels.

NOTE 1 A substantial change is defined as that which might adversely affect the performancé of‘the cable pystem.
In this dase, the supplier provides a detailed case, including test evidence, if modifications are|introduced, which are
claimed not to constitute a substantial change.

NOTE 3 A prequalification test is carried out using a cable of a large conductor €ross-section in order tp cover
thermo{mechanical aspects.

A prequalification test certificate signed by the representative 8f’a competent withessing| body,
or a report by the manufacturer giving the test results and signed by the appropriate qualified
officer], or a prequalification test certificate issued by ansindependent test laboratory shall be
accepfable as evidence of prequalification testing.

13.2 |Prequalification test on complete system
13.2.1 Summary of prequalification tests

The pfequalification test shall comprise the'electrical tests on the complete cable systein with
a minimum of 20 m of full-sized cable_including at least one of each type of accessory. The
minimum length of free cable between, accessories shall be 10 m. The sequence of test$ shall
be as [follows:

a) hefating cycle voltage test((see 13.2.4);

b) lightning impulse voltage test (see 13.2.5);

c) expmination of the cable system after completion of the tests above (see 13.2.6).
It could be the case that one or more of the accessories do not fulfil all the requirements|of the
prequalificationtests in 13.2. After repair of the test assembly the prequalification tests may be

continped on.the remaining cable system (cable with the remaining accessories). If gall the
requirements.of the tests in 13.2 are met by this remaining cable system, this remaining gystem

with the replaced accessory until all requirements of 13.2 are met. If the manufacturer decides
to include the repaired accessory in the cable system prequalification, the beginning of the
prequalification test of the complete system is considered to start after the repair.

13.2.2 Test voltage values

Prior to the prequalification test of the cable system, the insulation thickness of the cable shall
be measured and the test voltage values adjusted, if necessary, as stated in 12.4.1.

13.2.3 Test arrangement

Cable and accessories shall be assembled in the manner specified by the manufacturer’s
instructions, with the grade and quantity of materials supplied, including lubricants, if any.
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The test may be performed in a laboratory and not necessarily in a situation simulating the real
installation conditions.

If a joint is designed for use both in flexible and rigid installations, one joint shall be installed in
a flexible configuration and another in a rigid configuration, see Figure 1. If the joint is designed
only for use in rigid installations, the joint shall be installed rigidly fixed at both sides. If a joint
is designed only for flexible installations, the joint shall be installed in a flexible configuration at
both sides.

The test loop shall have a U-bend with a diameter not greater than the test cylinder diameter,
including the +5% tolerance, specified in 12.4.3.

NOTE |The example in Figure 1 is easier to realize than a full simulation of practical laying conditions=¥Thermo-
mecharlical aspects of the design will not be tested with this test set-up.

In sppcial cases where thermo-mechanical aspects shall be considered, “specigql test
arrandements representative of installation design conditions should be considered. Abient
conditjons may vary between installations and during the test and are not.considered t¢ have
any mgjor influence.

As an|outdoor test facility may be used, the commonly specified |imits on ambient tempgrature
(20 £ [15) °C do not apply.

Key
1 clegts

J, joinf designed for igid*and flexible fixation

J, joinf designedforflexible installation only

Figure 1 — Example of the test arrangement for the prequalification test

13.2.4 Heating cycle voltage test

The assembly shall be heated by conductor current only, until the conductor reaches a
temperature 0 K to 5 K above the maximum conductor temperature in normal operation.
Variable ambient conditions may require adjustment of the conductor current during the test.

The heating arrangements shall be selected so that the cable conductor attains the temperature
specified above, remote from the accessories. The surface temperature of the cable shall be
recorded for information.

If, for practical reasons, the test temperature cannot be reached, additional thermal insulation
may be applied.

The heating shall be applied for at least 8 h. The conductor temperature shall be maintained
within the stated temperature limits for at least 2 h of each heating period. This shall be followed
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by at least 16 h of natural cooling to a conductor temperature of less than or equal to 30 °C or
within 10 K of ambient temperature, whichever is the higher.

During the whole of the test period, a voltage of 1,7 U, shall be applied to the assembly.

The cycle of heating and cooling shall be carried out at least 180 times. Heating cycles with a
conductor temperature higher than 5 K above the maximum conductor temperature in normal
operation are considered valid. Up to a maximum of 10 cycles, in which the period at high
temperature is between 1 h and 2 h may also be counted as valid cycles. At least 180 valid
heating cycles, with applied voltage, shall be completed.

Interryption of the heating cycles or the test voltage is allowed during the test.

No brgakdown shall occur.

NOTE |Partial discharge measurements are preferred to provide an early warning of possible-degradatior] and to
enable [he possibility of a repair before failure.

13.2.59 Lightning impulse voltage test

The tgst shall be performed on the complete assembly, with the(cable conductor tempdrature
0 K tg 5 K above the maximum conductor temperature in normal operation. The confductor
tempefrature shall be maintained within the stated temperature limits for at least 2 h.|If, for
practi¢al reasons, the test temperature cannot be reached,-additional thermal insulation may
be applied.

The impulse voltage shall be applied according te.the procedure given in IEC 60230.

The tgst assembly shall withstand without failure 10 positive and 10 negative voltage impulses
of the [appropriate value given in Table 4, celumn 8.

13.2.6 Examination

The examination of the cable system (cable and accessories) and the requirements shallbe as
stated|in 12.4.8.

13.3 |Tests for the extension of the prequalification of a cable system
13.3.1 Summary.of-the extension of prequalification test

The ektension-of prequalification tests shall comprise the electrical part of the tests pn the
complete cable’system as specified in 13.3.2 and the non-electrical tests on the caple as
specifled,in 112.5.

13.3.2 Electrical part of the extension of prequalification tests on complete cable
system

13.3.2.1 General

The tests listed in 13.3.2.3 shall be performed on one or more samples of complete cable of the
already prequalified cable system, depending on the number of accessories involved. The
sample of the cable system shall contain at least one accessory of each type that need the
extension of the prequalification. The test may be performed in a laboratory and not necessarily
in a situation simulating the real installation conditions.

The minimum length of cable between accessories shall be 5 m. The minimum total cable length
shall be 20 m.
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Cable and accessories shall be assembled in the manner specified by the manufacturer’s
instructions, with the grade and quantity of materials supplied, including lubricants, if any.

If the prequalification of a joint is to be extended for use both in flexible and in rigid installations,
one joint shall be installed in a flexible configuration and the other one in a rigid configuration,
see Figure 2.

If the cable is part of the extension of prequalification, the test loop shall have a U-bend with a
diameter not greater than the test cylinder diameter, including the +5 % tolerance, specified in
12.4.3.

With the exception of the provisions of 13.3.2.2 and the tan 0 measurement (see 13.3.4.3 d)),
the tepts listed in 13.3.2.3 a) to j) shall be applied successively to the same sampl¢. The
accessgories shall be installed after the bending test on the cable.

Measyrement of the resistivity of semi-conducting screens (see 13.3.2.3 k)) described in[12.4.9
shall he made on a separate sample from the same manufacturing batch ef cable.

Measyrement of the resistivity of semi-conducting screens is not required if the extengion of
the prequalification is only for accessories.

IEC

Key
1 ternpination
2 clegt

3 join

for the prequalification of a system with another joint, designed for rigid
as well as flexible installation

13.3.2.2 Test voltage values

Prior to the electrical extension of prequalification tests, the insulation thickness of the cable
shall be measured and the test voltage values adjusted, if necessary, as stated in 12.4.1.

13.3.2.3 Sequence of the electrical part of the extension of prequalification tests

The normal sequence of the electrical part of the extension of prequalification tests shall be as
follows:
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a) bending test (see 12.4.3) without final partial discharge test (see 12.4.4) followed by
installation of the accessories that are part of the tests for the extension of the
prequalification;

b) partial discharge test at ambient temperature (see 12.4.4);

c) heating cycle test without voltage (see 13.3.2.4);

d) tan 6 measurement, if the extension to prequalification is for the cable (see 12.4.5);

This test may be carried out on a different cable sample from that used for the remainder of
the sequence of tests, taken from the same manufacturing batch, with special test

terminations.

e) heating cycle voltage test (see 12.4.6):

f) partial discharge tests (see 12.4.4) at ambient temperature and at high temperature) [These
tegts shall be carried out after the final cycle of item e) above or, alternatively,vafter the
lightning impulse voltage test in item g) below;

g) lightning impulse voltage test followed by a power frequency voltage test(se€e 12.4.7));

h) partial discharge tests at ambient and at high temperature, if not previolsly carried|out in
item f) above;

i) adfitional tests for accessories (see Annex H);

j) exgmination of the cable, if it is subject to the extension of'the prequalification tedt, and
actessories shall be carried out after completion of the t€sts above (see 12.4.8).|If the
exjension to prequalification test is only for accessoriesthen 12.4.8.2 is not required;

k) the resistivity of semi-conducting screens (see 12,4.9) shall be measured on a separate
sample taken from the same manufacturing batch¢

The tgst voltage values shall be in accordance withithe values given in the appropriate dolumn

of Tabjle 4 with the eventual adjustments of 13.3:2.2.

13.3.2.4 Heating cycle test without voltage

The agsembly shall be heated by conductor current only, until the cable conductor reag¢hes a

tempefrature 0 K to 5 K above the maximum conductor temperature in normal operation.

If, for
may b

The h

e applied.

practical reasons, the test temperature cannot be reached, additional thermal insiilation

pating shall be(applied for at least 8 h. The conductor temperature shall be maintained

within|the stated temperature limits for at least 2 h of each heating period. This shall be fo|lowed
by at |east 16 h{of'natural cooling to a conductor temperature less than or equal to 30 °C or
within|10 K oflambient temperature, whichever is the higher. The conductor current duripg the
last 2 h of each heating period shall be recorded.
Heating-eyeles—with—a—conductortemperature—highertharbK—-above—the—maxmum—eonductor
temperature in normal operation are considered valid.

The cycle of heating and cooling shall be carried out 60 times.

14 Type tests on cables

14.1

General

The tests specified in Clause 14 are intended to demonstrate the satisfactory performance of
cables alone.
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Once successfully completed, type tests need not be repeated, unless changes are made in the
cable with respect to materials, manufacturing process, design or design electrical stress levels,
which might adversely change the performance characteristics.

This test procedure shall be performed on cables where the calculated nominal electrical stress
at the conductor screen is not higher than 8,0 kV/mm and at the insulation screen not higher
than 4,0 kV/mm. In other cases, the type tests on the cable system according to Clause 12 shall

apply.

Type tests which have been successfully performed in accordance with the previous edition of
this document are deemed to be valid.

A list ¢f type tests on cables is given in Annex C.

14.2 |Range of type approval

When|type tests have been successfully performed on one or more cableslof specific cross-
sectiop(s), and of the same rated voltage and construction, the type’ approval shjall be
considered as valid for cables within the scope of this document with oth€ér cross-sectionsj rated
voltages and constructions provided that all the conditions of a) to €)yare met.

a) TT voltage group is not higher than that of the tested cablé(s).

Cables of the same voltage group are those of rated veltages having a common vglue of
U,4, highest voltage for equipment, and the same test voltage levels (see Table 4, columns 1

anfd 2).
b) Thle conductor cross-section is not larger than that of the tested cable.

c) The cable has the same or similar construction to that of the tested cable(s).

Cables of similar construction are those*of the same type and manufacturing process of
inqulation and semi-conducting screens:

Repetition of the electrical type testsis not necessary on account of the differences|in the
cohductor type or material or of\the protective layers applied over the screened [cores,
unjess these are likely to have a significant effect on the results of the test. In|some
ingtances, it may be appropriate to repeat one or more of the type tests (e.g. bending test,
hepting cycle test and/or compatibility test).

o

d) Thee calculated nominal'electrical stress at the cable conductor screen does not excepd the
nominal electrical_stress at the conductor screen of the tested cable(s) by more than|10 %.

e) Thie calculated nominal electrical stress at the cable insulation screen does not excegd the
nominal electrical stress at the insulation screen of the tested cable(s).

The type testson cable components (see 12.5) only need to be carried out on sampleps from

p p
may be required if the combination of materials applied over the screened core is different from
that of the cable on which type tests have been carried out previously.

A type test certificate signed by the representative of a competent witnessing body, or a report
by the manufacturer giving the test results and signed by the appropriate qualified officer, or a
type test certificate issued by an independent test laboratory shall be acceptable as evidence
of type testing.

14.3 Summary of type tests

The type tests shall comprise the electrical tests on the completed cable (see 14.4), adjusted
as required in 12.4.1, and the appropriate non-electrical tests on cable components and
completed cable specified in 12.5.
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The non-electrical tests on cable components are summarized in Table 5, indicating which tests
are applicable to each insulation and oversheath compound. The tests under fire conditions are
only required if the manufacturer wishes to claim compliance with these tests as a special
feature of the design of the cable.

14.4 Electrical type tests on completed cables

The tests a) to f) shall be performed in sequence on a sample of completed cable at least 10 m
in length excluding the test accessories:

a) bending test (see 12.4.3) followed by installation of the test terminations and a partial
discharge test at ambient temperature (see 12.4.4);

b) tan 6 measurement (see 12.4.5);

This test may be carried out on a different cable sample, taken from the same manufagturing
bafch, from that used for the remainder of the sequence of tests.

c) hepting cycle voltage test (see 12.4.6), followed by partial discharge,\measuremgent at
anmbient temperature (see 12.4.4), which shall be carried out after the final cygle or,
alternatively, after the lightning impulse voltage test (see item d) below);

d) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7));

e) paftial discharge test at ambient temperature (see 12.4.4), if.not previously carried oyt in c)
abpve;

f) expmination of the cable on completion of the above tests (see 12.4.8);

g) the resistivity of semi-conducting screens (see 124\9) shall be measured on a separate
sample.

Test vpltages shall be in accordance with the values’given in the appropriate column of Table 4.

15 Type tests on accessories

15.1 |General

The tgsts specified in Clause 15(are intended to demonstrate the satisfactory performanhce of
accessgories alone.

Once successfully completed, type tests need not be repeated, unless changes are made|in the
accessory with respect;to materials, manufacturing process, design or design electrical |stress
levels| which mighttadversely change the performance characteristics.

This tgst proecedure shall be performed on accessories for cables where the calculated n¢gminal
electrical stress at the conductor screen is not higher than 8,0 kV/mm and at the ins{ilation
screen not higher than 4,0 kV/mm. In other cases, the type tests on the cable system accprding
to CIa.MMWM;mW%M icati ' ystem.

A list of type tests on accessories is given in Annex C.

NOTE Tests on outdoor terminations under extraneous precipitation or pollution are not specified in this document.
15.2 Range of type approval

When type tests have been successfully performed on one or more accessories with one or
more cable(s) of specific cross-section(s), and of the same rated voltage and construction, the
type approval shall be considered as valid for accessories within the scope of this document
with other rated voltages, constructions and with other cables, provided that all the conditions
of a) to d) are met.

Type tests which have been successfully performed in accordance with the previous edition of
this document are deemed to be valid.
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The voltage group is not higher than that of the tested accessory(ies).

Accessories of the same voltage group are those of rated voltages having a common value
of U,,, highest voltage for equipment, and the same test voltage levels (see Table 4,
columns 1 and 2).

The cable conductor cross-section, rated voltage and construction are within the range of
type approval as stated in 14.2.

Accessories have the same or a similar construction as that of the tested accessory(ies).
Accessories of similar construction are those of the same type and manufacturing process
of insulation and semi-conducting screens.

in the
n part
of the
5 (e.g.

Thie calculated nominal electrical stresses within the main insulation parts,of the acc¢ssory
anf at the cable and accessory interfaces do not exceed those of the tested accessorj(ies).

For plug-in type bushings, full compliance is given only with the combination of the blishing
anfd separable connector and cable used in the type test. Useérs should be aware that

in prder to ensure an interchangeability of bushings it is appropriate to repeat one of more

A typd test certificate signed by the representative of a competent witnessing body, or a|report

type tést certificate issued by an independent test laboratory, shall be acceptable as evidence

of typé testing.

15.3 |Summary of type tests

Accespories shall comply with the tests specified in 15.4.1 and 15.4.2.
The minimum length of free cable between accessories shall be 5 m.
One spmple of each.accessory type shall be tested.

The a¢cessories shall be installed before the first partial discharge test.

The ag¢cessories shall be assembled on the cable in the manner specified by the manufacfurer's

instructions, withrthegrade—andquamntity of Tmateriats supptied; nctodingtubricants,ifamy.

The external surface of accessories shall be dry and clean, but neither the cables nor the
accessories shall be subjected to any form of conditioning not specified in the manufacturer's
instructions which might modify the electrical, thermal or mechanical performance.

During tests a) to e) of 15.4.2, it is necessary to test joints with their outer protection fitted. If it
can be shown that the outer protection does not influence the performance of the joint insulation,
for example there are no thermo-mechanical or compatibility effects, the protection need not be
fitted.
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15.4 Electrical type tests on accessories
15.4.1 Test voltage values

Prior to the electrical type tests of the accessories, the insulation thickness of the cable used
shall be measured and the test voltage values adjusted, if necessary, as stated in 12.4.1.

Test voltages shall be in accordance with the values given in the appropriate column of Table 4.

15.4.2 Tests and sequence of tests

Accessories shall be subjected to the following sequence:

a) paltial discharge test at ambient temperature (see 12.4.4);
b) hepting cycle voltage test (see 12.4.6);

A U-bend in the cable is not required.
c) paftial discharge tests (see 12.4.4);

— | at ambient temperature, and

— | at high temperature;

The tests shall be carried out after the final cycle of item §) above or, alternatively], after
item d) below.

d) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7));

e) paftial discharge tests at ambient and at high temperature, if not previously carried|out in
item c) above;

f) additional tests for accessories (see Annex H);

g) exgmination of the accessories after completion of the above tests (see 12.4.8.1).
16 Electrical tests after installation

16.1 |General

Tests [on new installations are carried out when the installation of the cable system hag been
completed.

A DC|oversheath test;according to 16.2 and/or an AC insulation test according to 16.3 is
recommended.

For installations where only the oversheath test according to 16.2 is carried out, quality
assurance~procedures during installation of accessories may, by agreement betwegn the
purch}ser and contractor, replace the insulation test according to 16.3.

16.2 DC voltage test of the oversheath
The voltage level and duration specified in Clause 5 of IEC 60229:2007 shall be applied

between each metal sheath or metal screen, connected together if both are present in the cable,
and the ground.

For the test to be effective, it is necessary that the ground makes good contact with all of the
outer surface of the oversheath. A conductive layer on the oversheath can assist in this respect.

16.3 AC voltage test of the insulation
The AC test voltage to be applied shall be:

— in accordance with Table 4, column 10, for 1 h, or
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— Uy applied for 24 h, or

— avoltage and time subject to agreement between the purchaser and the contractor.

The waveform shall be substantially sinusoidal and the frequency shall be between 20 Hz and
300 Hz. In the case of very long lengths the minimum frequency may be reduced to 10 Hz
subject to agreement between the purchaser and the contractor. For installations which have
been in use, lower voltages than given in Table 4, column 10 and/or shorter durations may be
used. Values should be negotiated, taking into account the age, environment, history of
breakdowns and the purpose of carrying out the test.

PD tests under AC voltage may be carried out by agreement between the customer and the
contrgctor. The test procedure, voltage(s) and pass criteria should also be agreed.

Table 1 — Insulating compounds for cables

Maximum conductor.temperature|

. i
Insulating compound
Normal operation Short-circuit
(maximum duratiofp 5 s)

Low dgnsity thermoplastic polyethylene (PE) 70 130 @
High density thermoplastic polyethylene (HDPE) 80. 160 @
Cross-|inked polyethylene (XLPE) 90 250
Ethylepe-propylene rubber (EPR) 90 250
High modulus or hard grade ethylene-propylene (HEPR) 90 250
rubber

a8 Fof PE and HDPE, short-circuit temperatures up to 20 K in excess of those shown may be acceptable with
suifable semi-conducting screens over the conductor and the insulation and by agreement between
mahufacturer and purchaser.

Table 2 — Oversheathing compounds for cables

. Maximum conductor temperatufre in
Oversheathing compound Abbreviated normal operation
designation

°C

Polyvinyl chloride (PVC) ST, 80
ST, 90

Polyethylene (RE) ST, 80
ST, 90

Low smoke hnlngnn free (I QI-H:) QT'IA a0

Table 3 — Tan J requirements for insulating compounds for cables

Designation of compound PE |HDPE | EPR/ | XLPE
HEPR
(see 4.2)
Maximum tan ¢ 1074 10 10 50 10 @

@ For cables produced with an XLPE compound containing special additives, the maximum tan ¢ is 50 x 1074,
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Table 4 — Test voltages

1¢ 2 3 432 52 62 72 ga 92 10°b
Rated Highest | Value of | Voltage Partial Tan ¢ Heating |Lightning| Voltage | Voltage
voltage voltage U, for test of |discharge| measure-| cycle impulse test of | test after
for equip-| determin- 9.3 test of | ment of | voltage | voltage 12.4.7 | installa-
ment ation of 9.2 12.4.5 test of test of tion of
test and 12.4.6 10.12, 16.3
voltages 12.4.4 12.4.7
and
13.2.5
U Uy, U, 2,5 U, 1,5 U, U, 2 U, 2,5 U,
kV o o e e o o o o kV
45 to p7 52 26 65 39 26 52 250 65 52
60 to p9 72,5 36 90 54 36 72 325 90 72
110 to 115 123 64 160 96 64 128 550 160 128
132 to [138 145 76 190 114 76 152 650 190 132
150 to [161 170 87 218 131 87 174 750 218 150
a8 If ngcessary, these test voltages shall be adjusted as stated in 12.4.1.
b If npcessary, these test voltages shall be adjusted as stated in 16.3.
¢ For|rated voltages not listed in column 1, see 8.4.
Table 5 — Non-electrical type tests.for insulating
and oversheathing compounds for cables
Designation of compound Insulation Oversheath
(see 4.2 and 4.4) PE |HDPE}EPR |HEPR|XLPE| ST, | ST, | ST, | ST, || ST,,
Checks on construction Applicable irrespective of insulation and
Water penetration test @ oversheathing compounds
Mechahical properties
(Tensile strength and elongation at
break)
a) Without ageing X X X X X X X X X X
b) Affer ageing in air oven X X X X X X X X X X
c) After ageing of the comipleted cable X X X X X X X X X X
(cpmpatibility test)
Pressure test at high‘temperature - - - - - X X - X X
Behaviour at low temperature
a) Cdld elongation test - - - - - X X - - X
b) Cqldimpact test - - - - - X X - - X
Loss of mass in air oven - - - - - - X - - -
Heat shock test - - - - — X X — — —
Ozone resistance test - - X X - - - - - -
Hot set test - - X X X - - - - -
Measurement of density - X - - - - - - - -
Carbon black content® - - - - - - - X X -
Shrinkage test X X - - X - - X X X
Determination of hardness - - - X - - - - - -
Determination of elastic modulus - - - X - - - - - -
pH value - - - - - - - - - X
Conductivity test - - - - - - - - - X



https://iecnorm.com/api/?name=b67b2649e616fcc7abb21de707061270

-50 - IEC 60840:2020 © IEC 2020

Key
x: the test is to be applied

—: the test is not to be applied

2 To be applied to those designs of cable where the manufacturer claims that barriers to longitudinal water
penetration have been included.

b For black oversheaths only.

Table 6 — Test requirements for mechanical characteristics of
insulating compounds for cables (before and after ageing)

Designation of compound (see Table 1) Unit PE HDPE | XLPE EPR HEPR

Max|mum conductor temperature in normal operation °C 70 80 90 90 90

Withoyt ageing
(IEC 60811-501:2012 and
IEC 60811-501:2012/AMD1:2018)

Minimdm tensile strength N/mm? 10,0 12,5 12,5 4,2 8,5
Minimdm elongation at break % 300 350 200 200 200

After ageing in air oven
(IEC 60811-401)

Treatmlent: temperature °C 100 110 135 135 135
tolerance K +2 +2 +3 +3 +3
duration h 240 240 168 168 168

Tensilg strength:
a) mipimum value after ageing N/mm?2 - - - — —
b) mgximum variation?® % - - +25 +30 +30

Elongdtion at break:

a) minimum value after ageing % 300 350 - - -

b) maximum variation % - - +25 +30 +30

a8 Valiation: difference between the médian value obtained after treatment and the median value obtained without
treatment, expressed as a percentage of the latter.
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Table 7 — Test requirements for mechanical characteristics of
oversheathing compounds for cables (before and after ageing)
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Designation of compound (see 4.4) Unit ST, ST, ST; ST, STy,
Without ageing
(IEC 60811-501:2012 and
IEC 60811-501:2012/AMD1:2018)
Minimum tensile strength N/mm? 12,5 12,5 10,0 12,5 12,5
Minimum elongation at break % 150 150 300 300 300
After ageing in air oven
(IEC 60811-401)
TreatnjentT_temperature 193 100 TO0 TO0 (MY 110
tolerance K +2 +2 +2 +2 +2
duration h 168 168 240 240 240
Tensilg strength:
a) mipimum value after ageing N/mm?2 12,5 12,5 - - 10
b) mgximum variation 2 % 25 +25 - - +30
Elongdtion at break:
a) mipimum value after ageing % 150 150 300 300 300
b) mgximum variation 2 % 25 25 - - -
PressUre test at high temperature
(IEC 60811-508:2012 and IEC 60811-
508:20(12/AMD1:2017)
Test tgmperature °C 80 90 - 110 110
Tolerapce K +2 +2 - +2 +2
Maximpm indentation % 50 50 - 50 50
Shrinkgage test
(IEC 60811-503)
Test tgmperature °C - - 80 80 80
Tolerapce K - - +2 +2 +2
Duratign h - - 5 5 5
Numbdr of heating cycles - - 5 5
Maximpm shrinkage allowed % - - 3,0 3,0 3,0
a8 Valiation: difference between the median value obtained after treatment and the median value obtained ithout

tre

tment, expressed as a.pércentage of the latter.
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Table 8 — Test requirements for particular characteristics of
insulating compounds for cables

Designation of compound (see 4.2) Unit PE HDPE | XLPE EPR HEPR

Ozone resistance test
(IEC 60811-403)

Ozone concentration (by volume) % - - - 0,025 0,025
to to

0,030 0,030
Test duration without cracks h - - - 24 24

Hot set test
(IEC 6¢81+1=507)

Treatmlent: air temperature °C - - 200 250 250
tolerance K - - +3 3 +3
tensile stress N/cm? - - 20 20 20
Maximpm elongation under load % - - 175 175 175
Maximpm permanent elongation after cooling % - - 15 15 15

Shrinkage test
(IEC 60811-502:2012)

Distan¢e L between marks mm 200 200 200 - -
Tempefature °C 100 115 130 - -
Tolerafpce K +2 +2 +3 - -
Duratign h 6 6 6 - -
Maximpm permissible shrinkage % 4,5 4,5 4,5 - -
Densit

(IEC 60811-606)
Minimym density g/cmS - 0,940 — — —

Deternjination of hardness
(see Apnex 1)

Minimym IRHD 2 - - - - 80

Deternjination of elastic modulus (s€e\12.5.20)

Modulys at 150 % elongation, minimum N/mm? - - - - 4,5

a8 |RHD: international rubberhardness degree.
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Table 9 — Test requirements for particular characteristics

of PVC and LSHF oversheathing for cables

Designation of compound (see 4.4) Unit ST, ST, STy,

Loss of mass in air oven

(IEC 60811-409)

Treatment: temperature °C - 100 -
tolerance K - +2 -
duration h - 168 -

Maximum permissible loss of mass mg/cm? - 1,5 -

Behavifour at low temperature @

Tests o be carried out without previous ageing:

a) Cold elongation test on dumb-bells

(IEC 60811-505)

Te$t temperature °C -15 -15 -5

Tolerance K +2 +2 42
Requirement % =20 =20 2P0
b) Cold impact test

(IEC 60811-506)

Te$t temperature °C -15 -15 -5
Tolerafce K +2 +2 42
Requirement no cracks no cracks no cfacks
Heat shock test
(IEC 60811-509)

Treatmlent: test temperature °C 150 150 -
tolerance K +3 +3 -
test duration 1 1 -

Requirement no cracks no cracks -

Flame |spread test on single cables (complete cable)

(IEC 60332-1-2)

Distan¢e between the lower edge.of the top support and mm > 50 > 50 > 150

the onget of charring

The loyer extent of charring below the lower edge of mm < 540 < 540 < $40

the top| support

Flame |spread test o~bunched cables (complete cable)

(IEC 60332-3-24)

Upper |imit of«char above bottom edge of burner m - - <p5

Smokel dehsity test on cables (complete cables)

(IEC 61034<2:2005 and IEC 61034-2:2005/AMD1:2013)

® <80 mm light transmittance T min % - - 60

@ >80 mm light transmittance T min % - - 45

pH value and conductivity tests, for the oversheath or

as weighted values for the cable

(IEC 60754-2) pH 2 - - - 4,3

conductivity < puS/mm 10

a8 Due to climatic conditions, national standards may require the use of a lower or higher test temperatures.
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Table 10 — Maximum mechanical load for composite insulators for outdoor terminations

This t

le is derived from IEC 60137.

Highest .voltage for Rated current
equipment
Un A
kV < 800 1000 to 1 600
Maximum mechanical load (MML)
N
Bushing installed < 30° from the vertical
l 1l l 1]
52 500 800 625 860
72,5 500 1000 625 1-000
123 and 145 625 1575 800 1575
170 625 2 000 800 2 000
Key
Level I|= normal load, Level Il = heavy load

For bughings operating at an angle > 30° to the vertical, the effect of bushing self-load should be considere
selectipg test load and procedure. The values given above correspond to vertical'bushings that are to be te
a vertigal position. If a tilted or horizontal bushing is to be tested verticallyj.then an equivalent force shg
added [to achieve the bending moment at the flange, caused by the weight\of the bushing in its operating p
If a ve;[ical bushing is to be tested horizontally, then the test load cap be-reduced in the same manner.

I when
sted in
uld be
bsition.
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Annex A
(informative)

Determination of the cable conductor temperature

A.1 Purpose

For some tests, it is necessary to raise the cable conductor to a given temperature, typically
5 Kto 10 K above the maximum temperature in normal operation, while the cable is energized,
either at power frequency or under impulse conditions. It is therefore not possible to have
acces$ to the conductor to enable direct measurement of temperature.

In addition, the conductor temperature should be maintained within a restricted“tangd (5 K)
whereps the ambient temperature may vary over a wider range.

Although preliminary calibration on the cable under test or calculations may‘be satisfacfory in
the firgt place, the variation of ambient conditions throughout the duration of the test may lead
to devjations of the temperature of the conductor outside range.

Therefore, methods should be used in which the conductor temperature can be monitorg¢d and
contralled throughout the duration of the test.

Guidapce is given hereafter on commonly used methods:

A.2 | Calibration of the temperature of the.main test loop

A.2.1 General

The plirpose of the calibration is to determine the conductor temperature by direct measurement
for a diven current, within the temper@ture range required for the test.

The cable used for calibration(hereafter called reference cable) should be taken from thg same
length| as the cable used for,the main test loop.

A.2.2 Installation_of cable and temperature sensors

The calibration should be performed on a minimum cable length of 5 m, taken from the| same
cable ps tested.SThe length should be such that the longitudinal heat transfer to the cabl¢ ends
does not affect.the temperature in the centre 2 m of cable by more than 2 K.

Two temperature sensors should be attached to the middle of the reference cable: one pn the
condu%WﬂmemmmﬂmmwmmmsmwTTCw).

Two other temperature sensors, TC,. and TCj;, should be installed on the conductor of the
reference cable (see Figure A.1), each one about 1 m from the middle.

The temperature sensors should be attached to the conductor by mechanical means since they
may move due to vibrations of the cable during heating. Care should be taken to maintain good
thermal contact during the tests and to prevent leakage of heat to the ambient. It is
recommended to mount the temperature sensor(s) as shown in Figure A.2 between two strands
of a stranded conductor or between the (solid) conductor and the conductor screen. To enable
access to the conductor in the middle of the reference cable, a small hatch should be made by
careful removal of the layers above the conductor. After installing the temperature sensor(s),
the layers that have been removed may be put back. This may restore the thermal behaviour of
the reference cable.
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To prove a negligible heat transfer towards the cable ends, it is recommended that the
difference between the readings of TC,., TC,. and TC3, be less than 2 K.

If the actual main test loop includes several individual cable lengths installed close to each
other, these lengths will be subjected to a thermal proximity effect. The calibration should
therefore be carried out taking into account the actual test arrangement and measurements
being performed on the hottest cable length (usually the middle length).

Dimensions in mm

L

1 \_ & & [ ]
\‘\ \\ !J'L\ AL 3
5//'
IEC
Key
1 urrent inducing.transformers 6 TC,. (conductor)
2 lerminations 7 TC,. (conductor)
3 ablefunder test 8 TC,, (sheath)
4 fleferénce cable (> 5 m) 9 TC,. (conductor)
5 current measuring transformers 10 TC, (sheath)

Figure A.1 — Typical test set-up for the reference loop and the main test loop
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Dimensions in mm
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—

\ | u

. \?\' —

1 2 3 4
1EC

Key

1 onductor 5 flexible thermal insulating compound

2 emi-conducting screens 6 temperature sensor

3 insulation 7 cable oversheath

4 netal sheath

Figure A.2 — Example of an arrangement of the temperature sensors
on the conductor of’the reference loop

A.2.3 Calibration method
The cglibration should be carried out inya draught-free situation at a temperature of (20 + 15) °C.
Temptrature recorders should\be used to measure the conductor, oversheath and ambient
tempefratures simultaneously.

The cable should be héated until the conductor temperature, indicated by temperature 5

TC1C q
maxin

When

- CO

f Figure A.1, has stabilized and reached a temperature between 5 K and 10 K abg
um conductor'temperature of the cable in normal operation, as given in Table 1.

stabilization has been reached, the following should be noted:

ensor
ve the

nductor temperature: average value at sensors TC,., TCy;, and TCs,;

— oversheath temperature at position TCg;

— ambient temperature;

— heating current.

A3

A.3.1

Heating for the test

Method 1 — Test using a reference cable

In this method, a reference cable identical to the cable used for the test is heated with the same
current value as the main test loop.

The installation of cable and temperature sensors for both loops should be as given in
Clause A.2.
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The test arrangement should be such that

— the reference cable carries the same current as the main test loop at any time; small current
changes are allowed in order to equalize the surface temperatures on the test cable and the
reference cable;

— it is installed in such a way that mutual heating effects are taken into account throughout
the test.

A temperature sensor (TCy) should be mounted on or under the external surface of the main

test loop at the hottest spot, usually in the middle of the length, in the same way as temperature
sensor TC,, is mounted on the hottest spot of the reference cable to check that the oversheaths

of botln iuupb are—atastmitar tclllpclatuu:.

The tgmperature measured with temperature sensor TC,. on the conductor of the-ref¢rence

loop may be considered as to be representative for the conductor temperature of\the enefgized
test lopp.

The heating current of both loops should be adjusted such that the conductor temperature is
kept wWithin the specified limits.

All temperature sensors should be connected to a recorder to €nable temperature monitjoring.
The he¢ating current of each loop should also be recorded to¢proeve that the two currents|are of
the same value throughout the duration of the test. The diffefence between the heating clrrents
should be kept within +1 %.

The re¢ference cable may be connected in seriesiwith the test cable if the temperafure is
measyred via an optical fibre link or equivalent.

A.3.2 Method 2 — Test using conductor temperature calculations and measuremient
of the surface temperature

A.3.2( Calibration of the test.cable conductor temperature

The plirpose of the calibration isto’determine the conductor temperature by direct measurement
for a diven current, within theltemperature range required for the test.

The cable used for calipration should be identical to that to be used for the test, and the ay of
heating should be identical.

The installation®of cable and temperature sensors for the calibration should be as giyen in
Claus¢ A.2.

The calalibration should be carried out in accordance with A.2.3 for the reference cable.

A.3.2.2 Test based on measurement of the external temperature

During calibration and during the test of the main loop, the cable conductor temperature of the
main test loop should be calculated in accordance with IEC 60853-2, based on the measured
external temperature of the oversheath (TC,). The measurement should be carried out with a

temperature sensor at the hottest spot, attached to or under the external surface, in the same
way as for the reference cable.

As an alternative, IEC 60287-1-1 may be used if it is demonstrated that asymptotic transient
temperature is reached within the specified time.

The heating current should be adjusted to obtain the required value of the calculated conductor
temperature, based on the measured external temperature of the oversheath.
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When

Annex B
(normative)

Rounding of numbers

values are to be rounded to a specified number of decimal places, for example in

calculating an average value from several measurements or in deriving a minimum value by
applying a percentage tolerance to a given nominal value, the procedure shall be as follows.

If the figure in the last place to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it

shall r

If the
shall g

EXAMP

main-unchanased (roundina down)
J \ J 7*

figure in the last place to be retained is followed, before rounding, by 9, 87,6 ¢r 5, it

e increased by one (rounding up).

LE
2,449 & 2,45 rounded to two decimal places
2,449 ~ 2,4 rounded to one decimal place
2,453 ~ 2,45 rounded to two decimal places
2,453 ~ 2,5 rounded to one decimal place
25,047 8 & 25,048 rounded to three.decimal places
25,047 8 I~ 25,05 rounded to twosdecimal places
25,047 8 ~ 25,0 rounded.torone decimal place
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List of type, prequalification and extension of prequalification tests
for cable systems, cables and accessories

Type tests for cable systems, cables and accessories are covered by Clauses 12, 14 and 15,
respectively.

Table C.1 gives a summary and references for type testing of cable systems, cables and

acces

Prequ
above

UTITS.

covergd by 13.1 and 13.2.

Exten
electri

4,0 k\{/mm are covered by 13.1 and 13.3.

blification tests of cable systems with a calculated nominal conductor eleétric |stress
8,0 kV/mm or a calculated nominal insulation electric stress above 4,0 kV/mm are

sion of the prequalification tests of cable systems with a calculated nominal confductor
c stress above 8,0 kV/mm or a calculated nominal insulation electric stress [above

Table [C.2 gives a summary and references for prequalification\te’sting of these cable sygtems.
Table [C.3 gives a summary and references for the extensjon of prequalification testing of|these
cable pystems.
Table C.1 — Type tests on cable systems, on cables and on accessories
Clauses
Item Test
Cable systems Cables Accesspries
a General 12.1 141 15.
b Range of type approval 12.2 14.2 15.2
c Electrical type tests 12.4 14.4 15.4
d Test voltage values 12.4.1 12.4.1 12.41
e Bending test 12.4.3 12.4.3 -
Partial discharge test'at ambient temperature 12.4.4 12.4.4 12.4|4
f Tan & measurement 12.4.5 12.4.5 -
g Heating cycle voltage test 12.4.6 12.4.6 12.4|6
h Partjal ‘discharge test at high temperature 12.4.4 - 12.414
Rartial discharge test at ambient temperature (after
final nynln ar after Iighfning imlnulen \lnlfngn test in 124 .4 12.4.4 12 414
item i) below)
i Lightning impulse voltage test followed by power 1247 12.4.7 1247
frequency voltage test
j Partial discharge test at high temperature (if not 12.4.4 _ 12.4.4
carried out after item g) above) o o
Part.lal dlscharge. test at ambient temperature (if not 12.4.4 12.4.4 12.4.4
carried out after item g) above)
k Additional tests for accessories Annex H - Annex H
| Examination 12.4.8 12.4.8 12.4.8.1
m Resistivity of semi-conducting screens 12.4.9 12.4.9 -
n Non-electrical type tests on cable components and 12.5 125 _

on completed cable
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Table C.2 — Prequalification tests on cable systems with a calculated nominal
conductor electric stress above 8,0 kV/mm or a calculated nominal insulation electric
stress above 4,0 kV/mm

Clauses
Item Test
Cable systems

a General and range of prequalification test approval 13.1
b Prequalification test on complete system 13.2
[ Summary of prequalification tests 13.2.1
d Test voltage values 13.2.2
e |Test arrangement 13.2.3
f Heating cycle voltage test 13.2.4
g Lightning impulse voltage test 13.2.5

Examination 13.2.6

Taple C.3 — Extension of prequalification tests on cable systems with a calculafed
nominal conductor electric stress above 8,0 kV/mm or,a calculated nominal
insulation electric stress above 4,0 KV/mm

Clauses
Item Test
Cable systems

a Tests for the extension of the prequalification of a cable 13.3

system
b Summary of the extension of the prequalification test 13.3.1
[ Electrical part of the extension of\prequalification tests 13.3.2

on complete cables system
d General 13.3.2.1
e |Test voltage values 13.3.2.2
f Sequence of the €lectrical part of the extension of 13.3.2.3

prequalification tests

g Heating cycle test without voltage 13.3.2.4
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Annex D
(normative)

Method of measuring resistivity of semi-conducting screens

est piece shall be prepared from a 150 mm sample of completed cable.

The conductor screen test piece shall be prepared by cutting a sample of core in half
longitudinally and removing the conductor and separator, if any (see Figure D.1a). The
insulation screen test piece shall be prepared by removing all the coverings from a sample of

core (*nn l:igllrn B4 h)_

The p

ocedure for determining the volume resistivity of the screens shall be as follows.

Four dilver-painted electrodes A, B, C and D (see Figure D.1a and Figure D.1b)shall be applied

to the
and th

potential electrodes.

Connqg
to the
insula

The a

interv.T'
i

ofac

After t
the th

tempefature, each being the average_©0f'six measurements made on the sample shq

Figure

The volume resistivity p in ohmumeétres shall be calculated as follows:

a) co

wh

semi-conducting surfaces. The two potential electrodes, B and C, shall be 50 mm
e two current electrodes, A and D, shall be each placed at least’25 mm beyo

ctions shall be made to the electrodes by means of suitable_¢lips. In making conne
conductor screen electrodes, it shall be ensured that the clips are insulated frg
ion screen on the outer surface of the test sample.

Esembly shall be placed in an oven preheated toythe specified temperature and, a

cuit, the power of which shall not exceed 100" mW.

he electrical measurements, the diameters over the conductor screen and insulatiqg

D.1b.

~ X
o

SO

apart
nd the

ctions
m the

ter an

| of at least 30 min, the resistance between the electrodes shall be measured by fneans

n and

ckness of the conductor screen and®insulation screen shall be measured at afnbient

wn in

hductor screen:
) chnx(DC—Tc)xTC
C
2L
ere
ib tilc VU;UIIIU IUbibtiV;ty, ;II U;IIII IIIUtIUb (Q . III),
is the measured resistance, in ohms (Q);

is the distance between potential electrodes, in metres (m);
is the diameter over the conductor screen, in metres (m);

is the average thickness of conductor screen, in metres (m).
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b) Insulation screen:

where

p; is the volume resistivity, in ohm metres (Q - m);

R; is the measured resistance, in ohms (Q );

L; s the distance between potential electrodes, in metres (mj);
D, | is the diameter over the insulation screen, in metres (m);

T; | is the average thickness of insulation screen, in metres (m).
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Dimensions in mm

a) Measurement of the volume resistivity of the conductor screen

Dimension

A IEC

b) Measurement of the volume resistivity of the insulation screen

5 in mm

insulation screen B, C potential electrodes

conductor screen A, D current electrodes

Figure D.1 — Preparation of samples for measurement of resistivity
of conductor and insulation screens
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E.1

Annex E
(normative)

Water penetration test

Test piece

A sample of completed cable at least 6 m in length which has not previously been subjected to
any of the tests described in 12.4 or 14.4 shall be subjected to the bending test described in

12.4.3

A6 m
and pl
the le
condu
layers

If the
contai
case,

ced horizontally. A ring approximately 50 mm wide shall be removed from the ce
gth. This ring shall comprise all the layers external to the insulation screen. Wheg
ctor is also claimed to contain a longitudinal water barrier, the ring-~shall compr
external to the conductor.

able contains intermittent barriers to longitudinal water penetration, then the sampl
h at least two of these barriers, the ring being removed from-between the barriers.
the average distance between the barriers in such cables’should be known.

length of cable shall be cut from the length which has been subjected to the bending test

htre of
re the
se all

e shall
In this

The sdirfaces shall be cut so that the interfaces intended to be longitudinally watertight shall be

readily
sealeq

Arrang
to be
seals

NOTE
water (6

E.2

The ty
height

exposed to water. The interfaces not intended te‘be longitudinally watertight sh
with a suitable material or the outer coverings{femoved.

e a suitable device (see Figure E.1) to allow™a tube having a diameter of at least 1
blaced vertically over the exposed ring-and sealed to the surface of the oversheat

The response of certain barriers to longitudinal penetration can be dependent on the compositio
.g. pH, ion concentration). Normal tap water is used for the test unless otherwise specified.

Test

be shall be filled within 5 min with tap water at a temperature of (20 £ 10) °C so th
of the water in_the)tube is 1,0 m above the cable centre (see Figure E.1).

The sample shallhbe allowed to stand for 24 h.

suitabje /method until it has reached a steady temperature 5 K to 10 K above the ma

Wwhere the cable exits the apparatus shall not exert mechanical stress on the cablel

all be

0 mm
h. The

of the

at the

0 by a
imum

The s[mple shall then be subjected to 10 heating cycles. The conductor shall be heate

condugtertemperature in normal operation; it shall not, however, reach the boiling point of

water.

The heating shall be applied for at least 8 h. The conductor temperature shall be maintained
within the stated temperature limits for at least 2 h of each heating period. This shall be followed

by at |

east 16 h of natural cooling.

The water head shall be maintained at 1 m.

NOTE No voltage being applied throughout the test, it is preferable to connect a reference cable in series with the
cable to be tested, the temperature being measured directly on the conductor of this cable.
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E.3 Requirements

During the period of testing, no water shall emerge from the ends of the test piece.

Dimensions in mm

1— | |
L J A

2
] 1)
d +
— |—— =]
o
-

A

- P >
IEC
Key
1 water header tank d @10 mm minimum (inner)
2 vent s 50 mm approximately
3 cable )4 length £ 6 000 mm

Figure E.1 — Schematic diagram of apparatus for water penetration test
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F.1

Annex F
(normative)

Test for water penetration in the conductor

Test piece

A 3 m sample of cable which has been subjected to the bending test of 12.4.3 shall be placed

horizo

ntally.

All lay
sectio

Arrang
with a
heade
be se
shall 1

NOTE
water (6

F.2

The tu
height

The sample shall be allowed to stand for 14\days at ambient temperature.

F.3

During

prs external to the insulation screen shall be removed from the sample and the full
h of the conductor shall be exposed at both ends of the test piece.

e a suitable chamber to enclose one end of the test piece. The chambegr shall be
h air vent and a separate vertical tube, both of at least 10 mm internalhdiameter,

led to the surface of the insulation screen. The seal where the gable exits the ch
ot deform the insulation during the test.

The response of certain barriers to longitudinal penetration can be{dependent on the compositio
.g. pH, ion concentration). Normal tap water is used for the test unless“otherwise specified.

Test

be shall be filled within 5 min with tap water at-a temperature of (20 + 10) °C so th
of the water in the tube is 1 m above the cable centre (see Figure F.1).

Requirements

the period of testing, no water shall emerge from the end of the test piece.

Cross-

fitted
with a

tank to allow the application of a 1m head of water (see Figure 1)y The chambef shall

Bmber

of the

at the
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Key

1 water header tank

2 air Jent

3 test|piece

4 chaber

5 full pore valve (optional)

d intefnal @ = 10 mm minimum
p lendth <3 000 mm

Figure F.1 — Schematic diagram of a-pibaratus for water penetration test in the cond
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Dimensions in mm

1000

A

O
o
>

OQQ

uctor
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Annex G
(normative)

Tests on components of cables with a longitudinally
applied metal tape or foil, bonded to the oversheath

G.1 Visual examination

The cable shall be dissected and visually examined. Examination of the samples with normal

or corrected vision without magnification_shall reveal no delamination, folding, crack

ing or

tearing of the metal tape or foil, or buckling or crossing of the screen wires.

G.2 | Adhesion and peel strength

G.2.1 General

Adhegdion and peel strength are defined as

Flw

where

F is the force (N);

w is the width of tape (mm).

In thg case of a CD design (combined deSign — CD metal screen that combines
waterfightness and electrical properties), the ‘concern is that delamination could dama
metal |component and alter the electric functionality of the screen. Therefore, the ad
strength and peel strength of the laminated covering shall be as high as possible.

In the| case of an SD design (separate design — SD design with radial watertightnes
electrical properties, managed-by different metal components), there is no concer
delamjnation will alter the electric functionality of the screen. The cable can be operate

radial
je the
hesion

s and
h that
d with

short-gircuit capability provided by the presence of the screen wires. However, the adhesion

strength and peel strength shall be high enough to preserve the laminate from foldin
bucklipg.

In the [case of @an‘SscD design (separate semi-conductive design — SscD design with sep
electrical andtadial watertightness properties with semi-conductive plastic-coated foil), t
cannof be( performed because the metal foil is so thin that it breaks during the adhe

g and

Arated
e test
ion or

peeling-sirength test.

NOTE Examples of the different designs as described above can be found in Annex A of IEC TR 61901:2016.

G.2.2 Test: Adhesion strength

The test specimens shall be taken from the cable covering where the metal tape or foil adheres

to the oversheath.

There shall be a total of five test specimens, three of them on the overlap of the metal
the weld of the metal tape, and two of them on the opposite side of the cable.

foil or

The length and width of the test specimen shall be approximately 200 mm and 10 mm

respectively.
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One end of the test specimen shall be peeled between 50 mm and 120 mm and inserted in a
tensile testing machine by clamping the free end of the oversheath in one grip. The free end of
the metal tape or foil shall be turned back and clamped in the other grip as shown in Figure G.1.

~ =~

IEC

Key
1 ovefsheath

2 methpl tape or foil

1

3 grip

Figure G.1 — Adhesion of metal tape or foil
The specimen should be held approximately vertically in the plane of the grips during the test.

After gdjusting the continuous recording device, the metal tape or foil shall be stripped from the
specimen at an angle of approximately80° and the separation continued for a sumicient
distange to indicate the adhesion strength value. At least one half of the remaining bonde[ area
shall he peeled at a speed of approximately 50 mm/min.

When|the adhesion strength i§ greater than the tensile strength of the metal tape or foil §o that
the lafter breaks before peeling, the test shall be terminated and the break point shall be
recorded.

G.2.3 Test: Peel strength of overlapped metal foil

A saniple specimen 200 mm in length shall be taken from the cable including the overlapped
portion of thexmetal foil. The test specimen shall be prepared by cutting only the overlapped
portion fromythis sample as shown in Figure G.2.
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IEC

Key

1 spegimen
2 ovefsheath

3 metpl foil or laminated metal foil

Figure G.2 — Example of overlapped metal foil

The tgst shall be conducted in the same manner as described for the 'adhesion strengtp test.
The afrangement of the test specimen is shown in Figure G.3.

The tgst shall be performed on a total of three specimens.

IEC

Key
1 ovefsheath

2 metphfail-or laminated metal foil

3 grips

Figure G.3 — Peel strength of overlapped metal foil

G.24 Requirements

The strength shall be recorded against the spacing of the grips. Typical recordings are shown
in Figure G.4 and Figure G.5.

The first part of the curve is linked to the sample preparation. The decreasing end part
corresponds to the end of the sample. In-between, a steady state is achieved. The minimum
strength F;, in Table G.1 shall be determined for an increase in the spacing between the grips

of at least 50 mm. A tensile testing machine with either a direct output for the minimum value

or a graphical output may be used. Figure G.4 and Figure G.5 below give typical curves from a
graphical output machine and indicate how they shall be interpreted.
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Sample preparation Steady state Sample end

.
.

Grip spacing
IEC

Figure G.4 — Typical strength versus grip spacingccurve (1)

=

Sample preparation Steady state Sample end

»
=

Grip spacing
IEC

Eigure G.5 — Typical strength versus grip spacing curve (2)

Table G.1 — Minimum acceptable adhesion or peel strength forces

Adhesion or peel Type of screen
strength
Frin CD SD SscD
N/mm Copper 1,5 Copper 1,0 Lead NA
N/mm Aluminium 1,5 Aluminium 1,0 Aluminium NA
N/mm Overlap 1,5 Overlap 1,0 Overlap NA
Key
NA: The test cannot be performed.
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H.1

Annex H
(normative)

Additional tests for accessories

General

Annex H specifies the procedure for additional type tests for accessories for:

— joints with or without screen interruption;

— acgessories for cable screen interruption and/or earth connection;
— terminations with sectionalizing insulation;
— cofnposite insulators for outdoor terminations.
Accespories specified for installation in air can only be tested without the water immersion test,
subjegt to agreement between purchaser and contractor. The risk of presence of watgr, for
example in terms of tunnel installation or any other risk of temporary)exposure of joints or
accessgories to water, should be considered in this case.
Accespories tested with the water immersion test are compliant when used for installatiorl in air
as well as in other situations. Accessories tested without the water immersion test afe not
compllant when used for buried installation or in an efivironment where there is a fisk of
expospre to water.

The mlanufacturer of the accessory shall provide asdrawing in which all relevant features fested
under|this annex are clearly defined and identified.

Table [H.1 gives the test sequence for different types of accessories.

Table H.1 — Test sequence
Joints without screen or Joints with screen or metal Terminations Composite
metal sheath interruption sheath interruption and with insulatgrs for
and cable accessories cable accessories with a sectionalizing outdoor
Tést without a screen or metal screen or metal insulation termindtions
se f sheath/screen interruption sheath/screen interruption
quyence X X
(e.g. earth connection) (e.g. earth connection and/or
cross bonding applications)
Clause H.3 Clause H.3 Clause H.4 Claus¢ H.6

Subjedted to

20 thegmal

cycles|with,or X X

withou

voltage

Water

immersion

conditioning X@ xa

(20 thermal

cycles)

DC voltage

withstand test X X X

screen to

earth

DC voltage

withstand test

X
screen to
screen
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Joints without screen or Joints with screen or metal | Terminations Composite
metal sheath interruption sheath interruption and with insulators for
and cable accessories cable accessories with a sectionalizing outdoor
Test without a screen or metal screen or metal insulation terminations
se sheath/screen interruption sheath/screen interruption
quence L X
(e.g. earth connection) (e.g. earth connection and/or
cross bonding applications)
Clause H.3 Clause H.3 Clause H.4 Clause H.6
LI withstand
test screen to X X X
earth
LI withstand
test screento 7ay
screen
Interndl
X

pressufe test
Cantilgver X
load test
Examinpation
(Clausp H.5) X X A
2 No{ for accessories for installation in air, tested without water immersion.
H.2 |[Range of approval
H.2.1 Range of approval for joints without screén or metal sheath interruption
When|the test sequence according to this annex has been successfully performed for p joint
design without screen interruption, the type approval shall be considered as valid for all joints
withoyt screen interruption for the same conductor size or smaller, embodying the samg basic
design principles and the same materials¢tested at equal or lower test voltages.
Wherg approval is required for joiht“outer protection embodying entries for items sdch as
bonding leads, the outer protectiontested shall include these design features.
A sucgessful test on the joint.outer protection with embodying entries will give approval tp such
outer protection for a simiifar joint without embodying entries, but not the converse.
H.2.2 Range oftapproval for joints with screen or metal sheath interruption
When|the test’sequence according to this annex has been successfully performed for p joint
design withscreen interruption, the type approval shall be considered as valid for all join{s with
or without\screen interruption for the same conductor size or smaller, embodying the| same
basic flesign principles and the same materials tested at equal or lower voltage group.

Where approval is required for joint outer protection embodying entries for items such as
bonding leads, the outer protection tested shall include these design features.

A successful test on the joint outer protection with embodying entries will give approval to such
outer protection for a similar joint without embodying entries, but not the converse.

H.2.3

Range of approval for accessories for cable screen interruption and/or ea
connection

rth

When the test sequence according to this annex has been successfully performed on a cable
with screen or metal sheath interruption, the type approval shall be considered as valid for all
cables with screen or metal sheath interruption offered by the same manufacturer, embodying
the same basic design principles, at equal or lower voltage group.
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H.2.4 Range of approval for terminations with sectionalizing insulation

When the test sequence according to this annex has been successfully performed for
terminations with sectionalizing insulation, the type approval shall be considered as valid for all
terminations with sectionalizing insulation offered by the same manufacturer, embodying the
same basic design principles, at equal or lower voltage group.

H.3 Tests of joints with or without screen or metal sheath interruption and
accessories for cable screen interruption and/or earth connection

H.3.1 Water immersion

The water immersion of joints or cables shall be applied successively to a joint.whigh has
passef the heating cycle voltage test (see 12.4.6) or to a separate joint which has‘unhdgrgone
at least 20 thermal cycles without voltage, as specified in 12.4.2, item g).

The agsembly to be approved shall be immersed in water to a depth of notless than 1 mj|at the
highegt point of the outer protection. Where desired, this may be achieved by using a header
tank cpnnected to a sealed-off vessel containing the test assembly.

Additipnal voltage tests according to H.3.2 may be carried,out before commenciryg the
heatinjg/cooling cycles, at the discretion of the manufacturer.

A tota] of 20 heating/cooling cycles shall be applied by raising the water temperature to|within
15 K tp 20 K below the maximum temperature of the_cable conductor in normal operat|on. In
each g¢ycle, the water shall be raised to the specified temperature, maintained at that leyel for
at least 5 h and then be permitted to cool to within”10 K above the ambient temperaturg. The
test temperature may be achieved by mixing the Water with water of higher or lower tempetfature.
The mlinimum duration of each cycle of heating and cooling shall be 12 h and the durat|on for
raising the water temperature to the specified temperature shall be as much as possiljle the
same |as the duration for cooling thewater to within 30 °C or 10 K above the ammbient
tempefature, whichever is the higher;

H.3.2 Electrical tests
H.3.2/ General

On completion of the-heating cycles and with the test assembly still immersed, if applicable,
voltage tests shall be-earried out as follows.

No bre¢akdown oh joints with or without screen interruption or cables with screen internuption
shall qccur_during any of the electrical withstand tests.

No flagh=dver on terminations shall occur during any of the electrical withstand tests
All tests in this annex shall be carried out at ambient temperature if not specified otherwise.

In the case of accessories with a water immersion test, the electrical tests in H.3.2.2 and H.3.2.4
shall be carried out whilst the assembly is still immersed in water. If it is not practicable to carry
out the electrical tests whilst the assembly is still immersed in water, the assembly may be
removed from the water and electrically tested with a minimum of delay. In this case, earthing
of the test object may be achieved by wrapping with a wet fabric, or using a conductive coating
applied over the entire exterior surface of the test assembly.

For accessories without a water immersion, test earthing of the test object may be achieved by
wrapping with a conductive tape or mesh, or using a conductive coating applied over the entire
exterior surface of the test assembly.
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H.3.2.2 DC voltage withstand test between screen and earth

A test voltage of 25 kV DC shall be applied for 1 min between the metal screen or sheath and
the earthed exterior of the test object.

H.3.2.3 DC voltage withstand test between screen and screen

A test voltage of 25 kV DC shall be applied for 1 min between both sides of the metal screen or
sheath interruption of the test object.

H.3.2.

A test

The tgsting procedure shall be performed in accordance with IEC 60230.

Table|H.2 — Lightning impulse voltage withstand test between screen and earth of
with or without screen or metal sheath interruption and accessories for cable sc

4 Lightning impulse voltage withstand test between screen and earth

interruption and/or earth connection

voltage in accordance with Table H.2 shall be applied between the metal screens/sheaths
and thle exterior of the assembly.

oints
een

High

bst voltage for equipment Lightning impulse level

Uy ® Each part to earth

Bonding leads Bonding leads
<3m¢ >3mand<10m?®

kV kV kV

72,5 30 30
>72,5 30 37,5

b f
us

a8 Sde Table 4, column 2.

Eheath voltage limiters are placed adjacent to the joint or cable, the voltages for bonding leads < 3
ed.

luding accessories with sheath.\voltage limiters fitted directly — cable side to earth only.

m are

H.3.2.

Beforg the lightning~impulse test between the metal screens/sheaths, the assembly sk
removijed from the-water, if applicable.

To test between parts, a test voltage in accordance with Table H.3 shall be applied.

b Lightning.impulse voltage withstand test between screen and screen

The testing procedure shall be performed in accordance with IEC 60230.

all be
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Table H.3 — Lightning impulse voltage withstand test between screen and screen of
joints with screen or metal sheath interruption and accessories for cable screen
interruption and/or earth connection

Highest voltage for equipment Lightning impulse level
Uy @ Between parts °©
Bonding leads Bonding leads
<3m >3mand<10m?®
kV kV kV
<725 60 60
>72,5 60 75

a8 Sde Table 4, column 2.

b If sheath voltage limiters are placed adjacent to the joint or cable, the voltages for bonding ‘teéads < d m are
usgd.

¢ Bdtween parts is used here synonymously for tests between screen to screen of joints with screen of metal
sheath interruption or accessories for cable screen interruption and/or earth connection.

H.4 |Tests of terminations with sheath sectionalizing<nsulation

H.4.1 DC voltage withstand test between screen and earth

A test|voltage of 25 kV DC shall be applied for 1 min.acéross the sheath sectionalizing insfilation
of the [termination.

H.4.2 Lightning impulse voltage withstand test between screen and earth

To test sheath sectionalizing insulation'“of terminations, a test voltage in accordancg with
Table |H.4 shall be applied between the screen and earth, across the sectionalizing insulation.

The tgsting procedure shall be pérformed in accordance with IEC 60230.

Table H.4 — Lightningtimpulse voltage withstand tests between screen and earth of
terminations with sheath sectionalizing insulation

Highest voltage for Lightning impulse level
equipment
U,® Sheath sectionalizing insulation of terminations
kV kV
<725 30
>72,5 37,5
2 See Table 4, column 2.

H.5 Examination
The examination of the accessories shall be done as stated in 12.4.8.1

The test assembly as described in Clause H.3 shall be examined with respect to the defined
and clearly identified water-protection barriers (see Clause H.1).
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Joint outer protection boxes filled with removable compounds shall be regarded as satisfactory
if there is no visible evidence of either internal voids or internal displacement of compound by
water ingress, or of compound loss via the various seals or box walls.

For joint outer protections employing alternative designs and materials, there shall be no
evidence of water ingress or internal corrosion behind the defined water-protection barriers.

H.6 Tests for composite insulators for outdoor terminations

H.6.1 General

One insulator of each type shall be tested as given in H.6.2 and H.6.3.

H.6.2 Internal pressure test

For insulators which will be pressurized in service, the test according to 8.4fJEC 61462:2007
shall e carried out. The requirements of 8.4 of IEC 61462:2007 shall be mef.

H.6.3 Cantilever load test

The insulator shall be tested according to 8.5 of IEC 61462:2007The requirements of|8.5 of
IEC 61462:2007 shall be met.
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1.1

Annex |
(normative)

Determination of hardness of HEPR insulations

Test piece

The test piece shall be a sample of completed cable with all the coverings, external to the HEPR
insulation to be measured, carefully removed. Alternatively, a sample of insulated core may be

used.

1.2

1.2.1

Tests

1.2.2

The tqg
the HH
surfac]

a) the¢ instrument is fitted with feet moveable in univérsdl joints so that they adjust them

to
a) the
de

These

When
in the

1.2.3

On su
piece
minim
to the

procedlures are-as follows:

a) by

Test procedure

General

shall be made in accordance with ISO 48-2 with exceptions as indicated below.

Surfaces of large radius of curvature

st instrument, in accordance with ISO 48-2, shall be consiructed so as to rest fir
EPR insulation and permit the presser foot and indenterito make vertical contact wi
e. This is done in one of the following ways:

the curved surface;

base of the instrument is fitted with two ‘parallel rods A and A' at a distance
pending on the curvature of the surface(see Figure I.1).

methods may be used on surfacesywith radius of curvature down to 20 mm.

the thickness of HEPR insulation tested is less than 4 mm, an instrument as des
method in ISO 48-2 for thin-and small test pieces shall be used.

Surfaces of small radius of curvature

rfaces with too small a radius of curvature for the procedures described in 1.2.1, th
shall be supported on the same rigid base as the test instrument, in such a way
ze bodily movement of the HEPR insulation when the indenting force increment is

indenter-and so that the indenter is vertically above the axis of the test piece. S

resting the test piece in a groove or trough in a metal jig (see Figure |.2a));

ly on
h this

selves

apart

cribed

e test
as to
pplied
itable

b) by

resting the ends of the conductor of the test plece In V-DIOCKS (see Figure 1.2D)).

The smallest radius of curvature of the surface to be measured by these methods shall be at
least 4 mm.

For smaller radii, an instrument as described in the method in ISO 48-2 for thin and small test
pieces shall be used.

1.2.4

The m

Conditioning and test temperature

inimum time between manufacture i.e. vulcanization and testing, shall be 16 h.

The test shall be carried out at a temperature of (20 + 2) °C and the test pieces shall be
maintained at this temperature for at least 3 h immediately before testing.
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1.2.5 Number of measurements

One measurement shall be made at each of three or five different points distributed around the
test piece. The median of the results shall be taken as the hardness of the test piece, reported
to the nearest whole number in international rubber hardness degrees (IRHD).

o]

IEC

Key
A and A' parallel rods

Figure 1.1 — Test on surfaces of large radius of curvature

| I
SIS (I

IEC IEC

a) Test piece in groove b) Test piece in V-blocks

Figure 1.2 — Test on surfaces of small radius of curvature
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Annex J
(informative)

Guidance on examination of cable and accessories

It should be noted that it is not possible to specify objective acceptance criteria for all possible
types of deterioration (such as deformation or changes) that can be encountered during a visual
inspection.

The visual inspection will therefore always contain some degree of subjectivity. To reduce this

prob| m- a9 list of pneeihln fypne of deterioration that may be encountered rhlr'ing a-Visual

inspedtion is given in this annex.

When|carrying out an examination, care should be taken to avoid contamination of samples,
keeping in mind that the overall purpose is to check for signs of deterioration which could|affect
the operation of a cable system in service.

In some cases, it can be helpful to have an untreated sample of the{cable or accessg¢ry (or
companents of an accessory) as a reference for the visual inspectiohn,

Samples of cable, possibly taken from different positions in tested length, and accessorigs, for
example one of the joints and terminations, should be subjected to the visual inspectipn, as
required by this document.

Examination of the samples with normal or corrected*vision without magnification shodld not
reveall any deterioration of the types listed below: The following list is not exhaustive $o any
unexpected or unusual changes shall also be considered and their potential effects on opgration
of a c@ble system in service considered by the 'examining persons when making a decisfion as
to their acceptability or otherwise.

e damage to the conductor which could have a detrimental effect on the cable performaince;

e hafmful indentations in the cable tore(s), sharp indentations of the semi-conductive $creen
intp the insulation;

e prgsence of corrosion on metallic parts, for example metallic screen and connectiong;
e indication of possibleimechanical degradation in the dielectric parts;

e indication of possible electrical degradation in primary insulation of accessory and [cable:
shfinkage, deformation or other distortions that may affect compliance with the requirgments
of the relevant-product specification, for example creepage distances should not fall|below
minimum-.acceptable values and there should not be any change that would maKe any
hagardeus part accessible;

e indication of thermal degradation (all components);

e cracking or damage to the insulation;

e damage on the cable sheath which could have a detrimental effect on the cable performance,
for example water ingress, possibly leading to corrosion in the long term;

e leak or emission of insulating fluid: any leakage of material involved in the insulation of an
accessory should be reported;

e significant change in dimensions which could have a detrimental effect on the cable or
accessory performance, for example unrestrained shrinkage of the insulation or oversheath.
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Annex K
(xxx)

Void
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES D'ENERGIE A ISOLATION EXTRUDEE ET

LEURS ACCESSOIRES POUR DES TENSIONS ASSIGNEES SUPERIEURES

1)

9)

A 30 kV (U, = 36 kV) ET JUSQU'A 150 kV (U, = 170 kV) -
METHODES ET EXIGENCES D'ESSAI
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INTRODUCTION

La premiére édition de I'lEC 60840, publiée en 1988, traitait seulement des cables. Les
accessoires ont été ajoutés a la deuxieme édition, publiée en février 1999, qui couvrait
séparément les méthodes d'essais et les exigences d'essais pour:

a)
b)

les cables seuls;
les cables avec les accessoires (systeme de cable).

Certains pays ont suggéré qu'une meilleure distinction soit faite entre systémes, cables et
accessoires, plus particulierement pour les tensions les plus basses du domaine d'application,
par exemple 45 kV. Cela a été pris en compte dans la troisieme édition (2004) et a ensuite été

maintgnu, donnant les exigences d'acceptation de type et I'etendue de celle-ci pour:

a)
b)

c)

leg systémes de cables;
leq cables seuls;

leq accessoires seuls.

Les fapricants et utilisateurs peuvent choisir I'option la mieux appropriéé,pour I'acceptation de

type.

La quptrieme édition (2011) a introduit la procédure d'essai de( préqualification, en tant que
systéme de cable incluant les accessoires, pour les cables préséntant des gradients éleyés au

niveay du semiconducteur sur ame et/ou sur enveloppe.

Les autres modifications significatives de la quatriéme €dition sont les suivantes:

a)

b)

Dans |a présente cinquiéme édition, les\principales modifications sont les suivantes:

a)

b)

les numérotations des articles du présent document et de I'lEC 62067 ont été coordonnées
del maniére a présenter autant de similitudes ‘que possible;

lors de I'essai de préléevement, I'essai au{choc de foudre n'est plus suivi d'un essal sous
tension a la fréquence industrielle.

del nouvelles définitions pour “trois constructions différentes d'écran de cable|selon
I''EC TR 61901:2016 ont été @joutées;

il gst exigé que les extrémités de cable immergées dans du gaz pour une utilisation|a des
tensions assignées supérieures a 52 kV, soient soumises a des essais de type et des pssais
individuels de série,conformément a I'EC 62271-209 en plus des essais individuels d¢ série
et des essais de type’spécifiés dans le présent document;

leq exigences«eldtives aux isolateurs composites pour extrémités de cable extérieures ont
éte introduites;

leq diametres des cylindres d'essai spécifiés pour I'essai d'enroulement (essais de type et
de|préqualification) ont été modifiés conformément a I''EC TR 61901:2016;

un
a été introduit;

7 ST12

les essais supplémentaires des cables soumis au feu (propagation verticale de flammes,
densité de fumées, acidité et conductivité) qui sont appliqués conformément aux
performances de résistance au feu déclarées pour le cable ont été introduits;

un essai de pénétration d'eau dans I'ame a été ajouté;

en plus des essais des protections externes des jonctions, les essais de type de l'arrét
d'écran ont été étendus a tous les accessoires;

une liste des références CIGRE appropriées est donnée dans la bibliographie.
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CABLES D'ENERGIE A ISOLATION EXTRUDEE ET
LEURS ACCESSOIRES POUR DES TENSIONS ASSIGNEES SUPERIEURES
A 30 kV (U, = 36 kV) ET JUSQU'A 150 kV (U, = 170 kV) -
METHODES ET EXIGENCES D'ESSAI

1 Domaine d'application

Le pré
de ca
tensions assignées supérieures a 30 kV (Um = 36 kV) et jusqu'a 150 kV (Um = 170K\ inclus.

Les eXigences s'appliquent aux cables unipolaires, aux cables tripolaires a écran’individuel et
a leury accessoires, pour des conditions habituelles d'installation et de fonctionnement, mais
pas ayx cables spéciaux, tels que les cables sous-marins et leurs accessoires, pour lesduels il
peut ¢tre nécessaire d'apporter des modifications aux essais normaux ou d'élaborgr des
conditjons d'essai particulieres.

Les jopctions assurant le raccordement des cables a isolant extrudé aux cables isolés au papier
ne somt pas couvertes par le présent document.

2 Regférences normatives

Les dgcuments suivants sont cités dans le texte de.sorte qu'ils constituent, pour tout ou|partie
de leur contenu, des exigences du présent doctiment. Pour les références datées,|seule
I'éditign citée s'applique. Pour les références nen‘datées, la derniére édition du documgnt de
référence s'applique (y compris les éventuels‘amendements).

IEC 60060-1:2010, Techniques des essais§ a haute tension — Partie 1: Définitions et exidences
générales

IEC 61228, Ames des céables isolés

IEC 60229:2007, Céables électriques — Essais sur les gaines extérieures extrudéed avec
fonction spéciale de protection

IEC 6I230, Essais de choc des cables et de leurs accessoires

IEC 60287-1-1:2006, Cables électriques — Calcul du courant admissible — Partie 1-1: Equations
de l'intensité du'courant admissible (facteur de charge 100 %) et calcul des pertes — Génélralités

IEC 60332-1-2, Essais des cébles électriques et a fibres optiques soumis au feu — Partje 1-2:
Essai|de‘\propagation verticale de la flamme sur conducteur ou céble isolé — Procédurg pour
flamme a premélange de T kW

IEC 60332-3-24, Essais des cables électriques et a fibres optiques soumis au feu — Partie 3-24:
Essai de propagation verticale de la flamme des fils ou cdbles montés en nappes en position
verticale — Catégorie C

IEC 60754-2, Essais sur les gaz émis lors de la combustion des matériaux prélevés sur cables
— Partie 2: Détermination de la conductivité et de I'acidité (par mesure du pH)

IEC 60811-201, Céables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 201: Essais généraux — Mesure de [|'épaisseur des enveloppes
isolantes

IEC 60811-202:2012, Cables électriques et a fibres optiques — Méthodes d'essai pour les
matériaux non-métalliques — Partie 202: Essais généraux — Mesure de I'épaisseur des gaines
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non-métalliques
IEC 60811-202:2012/AMD1:2017

IEC 60811-203, Céables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 203: Essais généraux — Mesure des dimensions extérieures

IEC 60811-401, Cébles électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 401: Essais divers — Meéthodes de vieillissement thermique -
Vieillissement en étuve a air

IEC 60811-403, Céables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 403: Essais divers — Essai de résistance a I'ozone sur les mélanges

réticurs

IEC 60811-409, Céables électriques et a fibres optiques — Méthodes d'essai pour lés-mafériaux
non-métalliques — Partie 409: Essais divers — Essai de perte de masse dés) enveloppes
isolanfes et gaines thermoplastiques

IEC 60811-501:2012, Céables électriques et a fibres optiques — Méthodes d'essai pour le|
matérjaux non-métalliques — Partie 501: Essais mécaniques — Détermination des proprigtés
mécaniques des mélanges pour les enveloppes isolantes et les gaifies
IEC 60811-501:2012/AMD1:2018

(2]

IEC 60811-502:2012, Céables électriques et a fibres optiques' — Méthodes d'essai pdur les
matérjfaux non-métalliques — Partie 502: Essais mécaniques — Essai de rétraction des
envelgppes isolantes

IEC 60811-503, Céables électriques et a fibres optiques — Méthodes d'essai pour les mafériaux

étalliques — Partie 506: Essais mécaniques — Essai de choc a basse températurg pour

811-507, Céables électriques et a fibres optiques — Méthodes d'essai pour les mafériaux
non-métalliques — Partie 507: Essais mécaniques — Essai d'allongement a chaud paur les
matérfaux réticulés

IEC 6(0811-508:2012, Céables électriques et a fibres optiques — Méthodes d'essai pdur les
matérjaux noh-métalliques — Partie 508: Essais mécaniques — Essai de pression a tempdrature
élevég pour les enveloppes isolantes et les jaines
IEC 6(|)81 1+508:2012/AMD1:2017

IEC 60811-509, Céables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 509: Essais mécaniques — Essai de résistance a la fissuration des
enveloppes isolantes et des gaines (essai de choc thermique)

IEC 60811-605:2012, Céables électriques et a fibres optiques — Méthodes d'essai pour les
matériaux non-métalliques — Partie 605: Essais physiques — Mesure du taux de noir de carbone
et/ou des charges minérales dans les mélanges en polyéthylene

IEC 60811-606, Cables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non-métalliques — Partie 606: Essais physiques — Méthodes de détermination de la masse
volumique

IEC 60885-3, Méthodes d'essais électriques pour les cables électriques — Partie 3: Méthodes
d'essais pour mesures de décharges partielles sur longueurs de cébles de puissance extrudés
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IEC 61034-2:2005, Mesure de la densité de fumées dégagées par des cables brilant dans des
conditions définies — Partie 2: Procédure d'essai et exigences
IEC 61034-2:2005/AMD1:2013

IEC 61462:2007, Isolateurs composites creux — Isolateurs avec ou sans pression interne pour
utilisation dans des appareillages électriques de tensions nominales supérieures a 1 000 V —
Définitions, méthodes d'essai, critéeres d'acceptation et recommandations de conception

IEC 62271-209, Appareillage haute tension — Partie 209: Raccordement de cébles pour
appareillage sous enveloppe métallique a isolation gazeuse de tension assignée supérieure a
52 kV — Cables remplis d'un fluide ou a isolation extrudée — Extrémité de céble de type sec ou
remplie d'un fluide

ISO 48-2, Caoutchouc vulcanisé ou thermoplastique — Détermination de la dureté — P3artie 2:
Durete comprise entre 10 DIDC et 100 DIDC

3 Termes et définitions
Pour Ies besoins du présent document, les termes et définitions suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques-destinées a étre ut|lisées
en nofmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electtopedia.org/
e ISP Online browsing platform: disponible a I'adresse ttp://www.iso.org/obp
3.1 |Définitions de valeurs dimensionnelles (épaisseurs, sections, etc.)

3.1.1
valeuf nominale
valeur| par laquelle une grandeur est dénommeée-et qui est souvent utilisée dans les tabl¢aux

Note 1 p I'article: Généralement, dans le présent document, les valeurs nominales correspondent a des val¢urs qui
sont véfifiées par des mesures, en tenant compte des tolérances spécifiées.

3.1.2
valeur médiane
quand| plusieurs résultats d'essais’sont obtenus et classés par ordre de valeurs croissantes (ou
décroissantes), valeur du milieu de la série si le nombre de valeurs disponibles est imgair, et
moyenne arithmétique des.deux valeurs centrales de la série si le nombre est pair

3.2 Définitions relatives aux essais

3.21
essaifindividuelde série
essai leffectué-par le fabricant sur chacun des composants fabriqués (longueur de caple ou
accespoirg) afin de vérifier qu'il satisfait aux exigences spécifiées

3.2.2
essai sur prélévement

essai effectué par le fabricant sur des échantillons de cable complet ou sur des composants
prélevés sur cable complet ou sur accessoire, a une fréquence spécifiée, afin de vérifier que le
produit fini satisfait aux exigences spécifiées
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3.2.3

essai de type

essai effectué avant la livraison sur une base commerciale générale d'un type de systéme de
cable, de cable ou d'accessoire couvert par I'IEC 60840, afin de démontrer que ses
caractéristiques satisfont aux applications prévues

Note 1 a I'article: Les essais de type sont de telle nature qu'aprés avoir été effectués, il n'est pas nécessaire de les
répéter, a moins que des modifications ne soient introduites dans les matériaux constituant le cable ou les
accessoires, dans leur construction ou dans leur procédé de fabrication, susceptibles d'en modifier les
caractéristiques.

3.24

essai de préqualification
essai Effectué avant Ta Tivraison sur une base commerciale genérale d'un type de sysiéme de
cable |couvert par I''EC 60840, afin de démontrer que ses performances a long termg sont
satisfgisantes

3.2.5
essaild'extension de préqualification
essai pffectué avant la livraison sur une base commerciale générale d'un_type de systéme de
cable |couvert par I''EC 60840, afin de démontrer que ses performafices a long termg sont
satisfaisantes, en tenant compte d'un systéme de céble déja préqualifie

3.2.6
essailélectrique aprés pose
essai pffectué pour démontrer l'intégrité du systeme de cable apres la pose

Note 1 p I'article: Les éléments optiques intégrés, le cas échéant~sont soumis a I'essai sur demande du clig¢nt. Les
essais floivent étre définis selon accord entre le client et le fabricant.

3.3 |Autres définitions
3.3.1

systéme de céable
cable |équipé de ses accessoires, y compris les composants utilisés pour la gestign des
contrdintes thermomécaniques du systéme, mais limités a ceux utilisés pour les extrémijtés et

les jonctions

3.3.2
gradient électrique nominal
gradignt électrique calculé.a Uo avec les dimensions nominales

Note 1 p I'article: Les équations pour le calcul des gradients sont données en 6 n).
Note 2 p I'article: Le gradient électrique nominal est exprimé en kV/mm.

3.3.3
constfuction'combinée

CD
construgtion d'écran métallique qui combine I'étanchéité radiale et les propriétés électriques

Note 1 a I'article: Les détails de la constitution sont donnés en 4.3.

Note 2 a I'article: L’abréviation "CD" est dérivée du terme anglais développé correspondant "combined design".
3.34

construction séparée

SD

construction d'écran métallique qui utilise des composants métalliques différents pour
I'étanchéité radiale et les propriétés électriques

Note 1 a l'article: Les détails de la constitution sont donnés en 4.3.

Note 2 a I'article: L’abréviation "SD" est dérivée du terme anglais développé correspondant "separate design".
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3.3.5

construction séparée semiconductrice

SscD

construction d'écran métalligue qui a des propriétés électriques et d'étanchéité radiale
distinctes et qui emploie une feuille a revétement plastique semiconducteur

Note 1 a l'article: Les détails de la constitution sont donnés en 4.3.

Note 2 a I'article: L’abréviation "SscD" est dérivée du terme anglais développé correspondant "s
semi-conductive design".

3.3.6

section d'ame

sectio

3.3.7

eparate

charge mécanique maximale

MML

charg¢ mécanique la plus élevée qui peut étre appliquée a l'isolateur creux dans les con

de ser

Note 1
load".

3.3.8

vice de l'appareil dont il fait partie

b I'article: L’abréviation "MML" est dérivée du terme anglais développé correspondant "maximum meq

jonctipn avec interruption d'écran ou de gaine métallique

jonctig
sont if

3.3.9

n ou la gaine métallique, I'écran métallique et I'écranysur enveloppe isolante du
terrompus électriquement

acce

oire de cable avec interruption d'écran ou-de gaine métallique

litions

hanical

cable

accesgoire de cable dans lequel la gaine métalligue, I'écran métallique et I'écran sur enveloppe
isolanfe du cable sont interrompus électriquement

3.3.1
extré
extré
sont i

4 D

4.1
Dans

assigr
I'EC ¢

4.2

ité avec arrét d'écran
ité sur laquelle la gaine métallique, I'écran métallique et I'écran sur enveloppe is
terrompus électriquement veérs le sol

Bsignations des tensions, matériaux et arrondissement des nombres

Tensions assignées
e présent document, les symboles Uy, U et U sont utilisés pour désigner les te

ées des cables et des accessoires, ces symboles ayant la signification donnée
0183.

Mélanges isolants pour cables

plante

nsions
dans

b dans

Le pré

sent document s'applique aux cables isolés au moyen d'un des mélanges énumeéré

le Tableau 1, qui spécifie également pour chaque type de mélange isolant les températures
maximales de service de I'ame servant de base aux conditions d'essai spécifiées.

Il est recommandé que les conducteurs isolés avec un systéme d'isolation réticulé conforme au
présent document aient été dégazés.

4.3 Ecrans et gaines métalliques pour cables
Le présent document s'applique aux différentes constructions en usage. Il couvre les
constructions qui procurent une étanchéité radiale a I'eau et les autres constructions.

Dans tous les cas, I'écran ou la gaine métallique doit étre en mesure de satisfaire aux exigences
de court-circuit de I'écran.
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Les constructions qui procurent une étanchéité radiale a I'eau comprennent principalement:

e les gaines métalliques massives;
e les feuilles ou rubans métalliques appliqués en long et contrecollés a la gaine extérieure:

— CD: les constructions d'écran métallique employant un ruban ou une feuille métallique
avec recouvrement soudé ou collé, qui transporte une partie ou la totalité du courant de
court-circuit de I'écran et avec, si nécessaire, des fils métalliques transportant une partie
du courant de court-circuit;

— SD: les constructions d'écran métallique employant une feuille métallique laminée, avec
revétement sur I'une ou les deux faces pour assurer I'étanchéité radiale, et des fils

— | SscD: les constructions d'écran métallique employant une fine feuille de_ptomb ou
d'aluminium, dont la face externe est revétue de colle et la face interne de-pl
semiconducteur, reposant sur une couche de ruban semiconducteur, qui ‘a so
repose sur une couche de fils de cuivre ronds. En régle générale, la feuille d'alu
et le plastique semiconducteur ont chacun une épaisseur de 0,05 mm;

NOTE 1 Les définitions des constructions CD, SD et SscD sont données en 3.8.3;/3.3.4 et 3.3.5.

e leq écrans composites, incluant une couche de fils et soit une gdine, soit un ruban gu une
feyille métallique contrecollé a la gaine extérieure et jouant le rble d'une barriere
d'dtanchéité radiale a I'eau (voir Article 5).

NOTE 2 Lors du processus de développement du cable et du systéfme ‘de cable comportant un ruban|ou une
feuflle métallique appliqué en long et contrecollé a la gaine extérieuré€,)les essais spécifiés dans I''EC TR 61901
sor|t privilégiés.

Les c@nstructions qui ne procurent pas d'étanchéité radiale a I'eau incluent:

e dep feuilles ou rubans métalliques non collés‘aJa gaine extérieure;

e ung couche de fils métalliques uniquement:

4.4 |Mélanges pour gaines extérieures-de cables

Les egsais sont spécifiés pour cinqg types de gaines extérieures, comme suit:

— ST|4 et ST, a base de polychlorure de vinyle (PVC);

— ST|; et ST, a base de polyéthylene (PE);

— ST|4, & base de matériau sans halogene a faible dégagement de fumée (LSHF).

Le chqix du type de gaine extérieure dépend de la construction du cable et de ses performances
mécaniques, thermigues et de résistance au feu exigées a l'installation et en fonctionneent.

Les températures maximales de I'dme en service normal pour les différents types de mélanges
pour dainestextérieures couverts par le présent document sont données dans le Tableay 2.

Si le grobleme de la détérioration de la gaine extérieure par rayonnement UV se pose, delle-ci
doit étre protégée contre le rayonnement UV, selon accord avec le client. Les gaines
extérieures en PE de couleur noire contenant la quantité exigée de noir de carbone, de qualité
appropriée et bien dispersée (voir Tableau 5), sont protégées contre le rayonnement UV.

NOTE 1 Pour une installation dans I'air, par exemple dans des tunnels ou des batiments, il est préférable que le
cable soit a comportement amélioré au feu et sans halogene, a faible dégagement de fumée. Dans ce cas, une gaine
extérieure de type ST,, (LSHF) peut étre appliquee.

NOTE 2 Pour certaines applications, la gaine extérieure peut étre recouverte d'une couche fonctionnelle (par
exemple, semiconductrice).

4.5 Arrondissement des nombres

La procédure donnée a I'Annexe B doit étre appliquée a tous les nombres et a toutes les valeurs
employés ou obtenus par I'utilisation du présent document.
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5 Précautions contre la pénétration d'eau dans les cables

Lorsque les systémes de cables sont installés dans le sol, dans des galeries facilement
inondables ou dans I'eau, une barriére d'étanchéité radiale est recommandée.

Des barriéres d'étanchéité longitudinale peuvent également étre appliquées afin d'éviter le
remplacement de grandes longueurs de cable en cas de détérioration en présence d'eau.

Un essai de pénétration longitudinale de I'eau est donné en 12.5.15.

NOTE
6 C

Dans

Actuellement, il n'existe pas d'essai de pénétration radiale de I'eau.

aractéristiques-du-cable
“uwvite

présemt document et d'enregistrer les résultats, le cable doit étre identifié. Le-fabrica

déclar

a) le
ph

NOTE
gaine e
d) le
ca
po
as
I'lH
et
e) le
(vq
dé
f) le
g) la
niy
h) po

er les caractéristiques suivantes:

nom du fabricant, le type, la désignation et la date de fabrication~(date de la dg
ase de production) ou le code de date;

fension assignée: les valeurs de Uy, U, U,, doivent étre indiquges (voir 4.1 et 8.4);
comportement au feu: si le matériau de gaine extérieure utilisé est de type ST, §
12, les paragraphes du 12.5.14 auxquels la conformité.est’revendiquée s'applique

Les performances de résistance au feu dépendent de la construction du cable ainsi que du matérig
ktérieure.

type d'dme, son matériau constitutif et sa section nominale, exprimée en millix
rés; la constitution de I'ame; la présence éventuelle et la nature des dispositions
ur réduire I'effet de peau; la présence éventuelle et la nature des dispositions prise|
surer une étanchéité longitudinale; si*la section nominale n'est pas confo

A 20 °C;
mélange isolant (défini dans de Tableau 1) et I'épaisseur nominale de l'isolatig

ir4.2). Si I'enveloppe isolante est en PR, la présence d'additifs spéciaux do
clarée si la valeur la plus élévée de tan ¢ selon le Tableau 3 est applicable;

procédé de fabrication pour le systéme d'isolation;

présence éventuelle ‘et la nature des dispositions prises pour assurer I'étanché
eau de l'écran;

ur I'écran ou la'gaine métallique:
les détails constitutifs de I'écran métallique, par exemple matériau et constitut

e but de réaliser les essais du systéme de cable ou les essais du cable déerits dans le

nt doit

rniere

T, ou
nt;

u de la

heétres
prises
S pour
me a

C 60228, la résistance maximale enccourant continu, ramenée a une longueur d¢ 1 km

n (t,)
t étre

ité au

nominale de la gaine métallique, du ruban ou de la feuille métallique appliqué e

contrecollé a la gaine extérieure;

la résistance maximale en courant continu de I'écran métallique;

I'écrannmeétallique, nombre et diameétre des fils; le matériau, la constitution et I'épali

i) le mélange isolant (défini dans le Tableau 2) et I'épaisseur nominale de la gaine extérieure

et,
i) le
k) le

le cas échéant, la nature et le matériau de I'enveloppe semiconductrice;
diamétre nominal sur dme (d);

diametre nominal sur cable complet (D);

l) le diamétre nominal intérieur (d;) et le diamétre nominal extérieur calculé (D;,) de
I'enveloppe isolante;

m) la capacité nominale, ramenée a une longueur de 1 km, entre I'dme et I'écran ou la gaine
métallique;
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n) la valeur calculée du gradient électrique nominal sur I'écran sur dme (E;) et celle du gradient
nominal sur I'écran sur enveloppe isolante (£,):

ou:

7

7.1

Les e
SUpeéri

7.2

Les is
confome au Tableau 10, de niveau | ou Il. Le niveau | correspond a la charge normale
en général étre appliquéy sauf si I'acheteur spécifie une charge lourde de niveau Il. En va
une valeur différente de MML peut faire I'objet d'un accord entre I'acheteur et le fourniss

7.3

Dans Je but de réaliser les essais du systéme de cable ou des accessoires décrits d
présemtdocument et d'enregistrer les résultats, I'accessoire doit étre identifié.

20,
E=— 20
dijxIn(Dyo / djj)

. 2U,
Dig xIn(Dyg / dj)

Le
S|
a é
es

la

s
ou
éc

Cc

leures a 52 kV doivent étre congues conformément a I'lEC 62271-209.

Dig = dji + 21p;
D.

10

d

est le diamétre nominal extérieur calculé de I'enveloppe isolante, enmm:;
est le diamétre nominal intérieur déclaré de I'enveloppe isolanté) en mm;

t est I'épaisseur nominale déclarée de I'enveloppe isolante, en imm.

n

5 valeurs normalisées de U, exprimées en kV, sont données dans’le Tableau 4.

la valeur calculée du gradient électrique nominal sur I'écrar’ sur ame est sup§
,0 kV/mm et/ou si celle du gradient électrique nominal sur l'écran sur enveloppe is|
supérieure a 4,0 kV/mm, un essai de préqualification conforme a I'Article 13 est 4

construction des éléments optiques intégrés, le cas échéant;

Ln essai de préqualification est exigé et/ou un _ou des rapports d'essai détaillés
les essais de préqualification pertinents existants couvrant le systéme de cable,
néant.

Aractéristiques des accessoires

Extrémités de cable immergées dans du gaz
trémités de cable immergées dans du gaz pour une utilisation a des tensions ass

Isolateurs composites-pour extrémités de cable extérieures

olateurs composites_pour les extrémités de cable extérieures doivent avoir ung

Caractéristiques d'accessoire a déclarer

rieure
plante
xigé;

our le
le cas

gnées

MML
et doit
Fiante,
eur.

ans le

Le fabricant doit déclarer les caractéristiques suivantes:

a)
b)

c)

les cables utilisés pour les essais des accessoires doivent étre correctement identifiés,

co

nformément a I'Article 6;

un plan représentant tous les éléments pertinents soumis a l'essai selon I'Annexe H doit
étre fourni (voir Article H.1);

les raccords de connexion transportant du courant et utilisés dans les accessoires doivent
étre correctement identifiés, pour I'ame comme pour I'écran métallique, en ce qui concerne:

la technique de montage;

le type, le numéro de référence et tout autre moyen d'identification du ou des raccords

de connexion;

les détails de I'acceptation de type du ou des raccords de connexion, le cas échéant;
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d) les accessoires a soumettre a I'essai doivent étre correctement identifiés en ce qui concerne:
e |e nom du fabricant;
e le type, la désignation, la date de fabrication ou le code de date;
e la tension assignée (voir 6 b) ci-dessus);

e le type de matériau des moulages de caoutchouc constituant I'isolation principale (par
exemple, caoutchouc silicone ou EPDM);

e le type de matériau de fluide de remplissage diélectrique, le cas échéant;

e le type de protection externe;

° cila caonctriotion camnrand 1in orrAt A'Acran-
S-St oo GO preo—ur—artetr e eoradns

¢ | les instructions de montage (référence et date);
e) leq exigences supplémentaires pour les extrémités immergées dans du gaz:

e |si l'isolateur d'extrémité est adapté ou non en vue de la livraison~au fabricant de
l'appareillage, afin de confirmer la compatibilité et les performances|pour l'installation
dans l'appareillage avant livraison sur site;

o | s'il est adapté, les mesures exigées pour permettre I'essai\individuel de séfie de
I'appareillage qui doit étre effectué sans le cable;

f) leqd exigences supplémentaires pour les isolateurs composites pour extrémités de|cable
exjérieures:

e | la valeur de la MML pour l'isolateur composite (voir 7.2);

e | pour les isolateurs sous pression en service, la)pression maximale de service (PMS).
8 Cpnditions d'essai

8.1 |Température ambiante
Sauf gpécification contraire dans les dgétails de I'essai particulier, les essais doivernt étre
effectliés a une température ambiante de (20 + 15) °C.
8.2 |Essais a haute tension

Sauf indication contraire dans™e présent document, les essais a haute tension doivenpt étre
effectliés conformément a I'E€ 60060-1. Tous les essais a haute tension du présent document
sont des essais de tenue.en tension.

Aucune "correction atmosphérique des essais a sec" (IEC 60060-1:2010, 4.3) ne dojt étre
appliquée aux valelrs de tension d'essai spécifiées dans le présent document.

8.3 Forme d'onde des tensions d'essai en choc de foudre

Conformément a I'lEC 60230, le choc de foudre normalisé doit avoir un front d'onde d'une|durée
compriiselentre 1 uys et 5 us. La durée jusqu'a mi-valeur doit étre de 50 pus £ 10 ys, gomme
spéciffedans fTEC60000-1

8.4 Relations entre tensions d'essai et tensions assignées

Lorsque les tensions d'essai sont spécifiées dans le présent document comme étant des
multiples de la tension assignée Uy, la valeur de Uo pour la détermination des tensions d'essai
doit étre conforme aux spécifications du Tableau 4.

Pour les cables et les accessoires dont la tension assignée ne figure pas dans le tableau, la
valeur de U, pour la détermination des tensions d'essai peut étre la méme que pour la tension

assignée donnée la plus proche, a condition que la valeur de U, pour le cable et I'accessoire
ne soit pas supérieure a la valeur correspondante du tableau. Dans le cas contraire, et en
particulier si la tension assignée n'est pas proche d'une des valeurs du tableau, la valeur de U
sur laquelle sont fondées les tensions d'essai doit étre égale a la valeur assignée, a savoir U,
divisée par V3. Les tensions d'essai associées doivent étre déterminées par calcul, en utilisant
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les multiplicateurs indiqués dans le Tableau 4, ou par interpolation lorsqu'aucun multiplicateur
n'est donné.

Les tensions d'essai figurant dans le présent document sont fondées sur I'hypothése que les
cables et les accessoires sont utilisés sur des réseaux de catégorie A ou B, comme défini dans
I''EC 60183.

8.5 Détermination de la température de I'ame du cable

Il est recommandé d'utiliser I'une des méthodes décrites a I'"Annexe A pour déterminer la
température réelle de I'ame.

9 Essais individuels de série des cibles et des accessoires

9.1 [Généralités
Les egsais suivants doivent étre effectués sur toutes les longueurs de cable:

a) espai de décharges partielles (voir 9.2);
b) espai de tension (voir 9.3);
c) espai électrique sur la gaine extérieure, s'il est exigé (voir 9.4).

L'ordre des essais est laissé a la discrétion du fabricant.

L'isolgtion principale de chaque accessoire préfabriqué doit étre'soumise aux essais indiiduels
de sélfie de décharges partielles (voir 9.2) et de tension (voir9.3), selon lI'une des varianfes 1),
2) ou B) ci-dessous:

1) suf les accessoires montés sur cable;

2) en| utilisant un accessoire hbéte dans lequel le 'composant soumis a I'essai est insg¢ré en
supstitution du composant correspondant.del'accessoire hote;

3) en| utilisant un dispositif de simulation de |'accessoire, dans lequel I'environnement
élgctrique d'un composant de l'isolation principale est reproduit.

Dans [les cas 2) et 3), la tension d'éssai doit étre choisie de fagcon a obtenir des champs
électriques au moins égaux a ceux. qui seraient appliqués au composant dans un accegssoire
complet soumis aux tensions d'‘essai spécifiées en 9.2 et en 9.3.

L'isoldteur d'une extrémité immergée dans du gaz doit également étre soumis aux pssais
indiviquels de série dégrits'dans I'EC 62271-2009.

Les isplateurs composites pour extrémités de cable extérieures soumis a une pression ggzeuse
intern¢ en servige“doivent étre soumis, dans des conditions de pression atmosphériqud et de
tempéfrature ambiante normales, a une pression d'essai individuel de série hydraulique ou
gazeupe (parexemple air, SFg, hélium) correspondant a 2,0 x MSP pendant au moins [1 min.

Aucun endommagement ne doit se produire.

Les essais individuels de série ne s'appliquent pas aux accessoires retractables a chaud ou a
froid, ou aux accessoires informatiques ou aux accessoires rubanés et/ou moulés sur site.

NOTE L'isolation principale des accessoires préfabriqués est constituée des composants qui sont en contact direct
avec l'enveloppe isolante du céble ou qui sont nécessaires au contréle de la répartition du champ électrique dans
I'accessoire. Des composants isolants en élastomére ou en résine époxyde, prémoulés ou coulés, pouvant étre
utilisés individuellement ou en combinaison de fagon a fournir I'enveloppe isolante ou I'écran nécessaire des
accessoires, constituent des exemples.

9.2 Essai de décharges partielles

L'essai de décharges partielles doit étre réalisé conformément a I'lEC 60885-3 pour les cables,
et la sensibilité définie dans I'lEC 60885-3 doit étre de 10 pC ou mieux. L'essai des accessoires
suit les mémes principes, mais la sensibilité doit é&tre de 5 pC ou mieux.

La tension d'essai doit étre augmentée progressivement et maintenue a 1,75 Uy pendant 10 s
puis ramenée lentement & 1,5 U, (voir Tableau 4, colonne 5).
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Il ne doit pas y avoir de décharge détectable, supérieure a la sensibilité déclarée, provenant de
I'objet en essai a 1,5 Uj.

9.3 Essai de tension
L'essai de tension doit étre effectué a la température ambiante en appliquant une tension
d'essai alternative a la fréquence industrielle.

La tension d'essai doit étre augmentée progressivement jusqu'a 2,5 U, (voir Tableau 4,

colonne 4) puis maintenue a cette valeur pendant 30 min entre I'dme et I'écran ou la gaine
métallique.

“ ne Haoac ca nradieas Aa Aloo oo da llanvua loapnpoaic [l
T pPToS ST PTotoTmT ot oraquagt—ot

9.4 |Essai électrique sur la gaine extérieure du cable
Si celp est exigé dans un contrat particulier, la gaine extérieure doit étre soumise a |'essai
électrigue spécifié a I'Article 3 de I'lEC 60229:2007.
10 Essais sur prélévements des cables

10.1 |Généralités

Les egsais suivants doivent étre effectués sur des échantillons qui, pour les essais des pojnts b)
et g), peuvent étre des longueurs completes de cable sur tourefifeprésentatives de lots

) expmen de I'dme (voir 10.4);

) mgsure de la résistance électrique de I'ame et deA'écran métallique (voir 10.5);

c) masure de I'épaisseur de I'enveloppe isolante et\de celle de la gaine extérieure (voir(10.6);
) mgsure de I'épaisseur de la gaine métallique (voir 10.7);

) mgsure des diamétres, si cela est exigé (woir 10.8);

f) espai d'allongement a chaud des.enveloppes isolantes en PR, en EPR et en HEPR
(vair 10.9);

g) masure de la capacité (voir 10.10);
h) mgsure de la masse volumijque des enveloppes isolantes en PEHD (voir 10.11);

i) espai au choc de foudre pour un céble dont la valeur calculée (selon I'Article 6, point|n)) du
gradient électrique neminal sur I'écran sur ame est > 8,0 kV/mm (voir 10.12);
i) espai de pénétration-d'eau, si applicable (voir 10.13);

k) espais sur les.composants de cables avec ruban ou feuille métallique appliqué en Ipng et
coptrecollé aa'gaine extérieure (voir 10.14).

10.2 |Fréglience des essais

Les egsais sur prélevements des points a) a h) et k) du 10.1 doivent étre effectués slir une
longueur de cable prise dans chaque lot de fabrication de cables de méme type et de méme
section, le nombre de longueurs devant toutefois étre limité a 10 %, arrondi a I'unité entiére la
plus proche, du nombre total de longueurs stipulées dans tout contrat.

Les essais des points i) et j) du 10.1 doivent étre effectués a la fréquence indiquée dans les
procédures agréées de contrble de la qualité. En I'absence de telles procédures, un essai doit
étre réalisé pour les contrats portant sur une longueur de cable supérieure a 20 km.
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10.3 Répétition des essais

Sil'un des échantillons choisis ne satisfait pas a I'un des essais énumérés en 10.1, de nouveaux
échantillons doivent étre prélevés sur deux autres longueurs de cadble du méme lot et étre
soumis aux essais pour lesquels I'échantillon d'origine s'est montré défectueux. Si ces deux
longueurs sont satisfaisantes, les autres cables du lot dont elles ont été extraites doivent étre
considérés comme conformes aux exigences du présent document. Si lI'une ou l'autre des
longueurs est défectueuse, le lot de cables doit étre considéré comme non conforme.

10.4 Examen de I'ame

La conformité aux exigences de I'lEC 60228 concernant la constitution de I'dme, ou la
constitution déclarée, doit étre vérifiée par examen et par mesure, lorsque cela est possible.

10.5 |[Mesure de la résistance électrique de I'ame et de I'écran métallique

La lonjgueur de cable (ou un échantillon prélevé sur elle) doit étre placée dans le.local dlessai,
qui dqit étre maintenu a une température raisonnablement constante pendant|au moing 12 h
avant |'essai. En cas de doute sur la coincidence entre la température de I"ame ou de [[écran
métalljque et celle du local, la résistance de I'dme doit étre mesurée, apres un séjour d'au
moins|24 h dans le local d'essai. En variante, la résistance peut étre mesurée sur un échantillon
d'ame| ou d'écran métallique conditionné pendant au moins 1 h dans un bain de liqbide a
tempéfrature régulée.

La rédistance de I'ame ou de I'écran métallique en courantccontinu doit étre ramenée|a une
tempéfature de 20 °C et a une longueur de céble de 1 ki au moyen des formules ¢t des
facteurs indiqués dans I'lEC 60228. Les coefficients de~température et formules de cornection
pour I¢s matériaux d'écran autres que le cuivre et I'alUminium doivent étre repris du Tabjeau 1
et du 2.1.1 de I'lEC 60287-1-1:2006.

La régistance de I'ame en courant continu a 20 °C ne doit pas étre supérieure a la ypaleur
maximale correspondante indiquée dans ["EC 60228 ou, lorsqu'une valeur de résistance
maximale de I'ame en courant continu est.déclarée a I'Article 6, point d), la résistance dg I'ame
en coyrant continu a 20 °C ne doit pas_€étre supérieure a la valeur déclarée.

La régistance de I'écran métallique en courant continu a 20 °C ne doit pas étre supérieufe a la
valeur|déclarée.

10.6 |Mesure de I'épaisseur de I'enveloppe isolante et de celle de la gaine extérieyre du
cable

10.6.1 Généralités

La mdthode d'essai‘doit étre conforme a I'lEC 60811-201 pour I'enveloppe isolante. Four la
gaine| extérieure, la méthode d'essai conforme a [I'lEC 60811-202:2012 Jet a
I''EC §0811-202:2012/AMD1:2017 doit étre appliquée, si ce n'est que pour les gaines dont la
surface saus=jacente n'est pas irréguliére, la mesure peut étre effectuée avec un micrgmétre
ayant lug<rayon de touche sphérique de 2,5 mm a 3 mm. La précision du micrométre dgit étre
de + 0;0°tmm.

Chaque longueur de cable choisie pour I'essai doit étre représentée par un échantillon de cable
prélevé a une extrémité, aprés élimination, si nécessaire, des parties qui peuvent étre
endommageées.
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Les symboles suivants sont utilisés en 10.6:

t

¢

¢

max _ ©st la plus grande épaisseur mesurée, en mm,
min  ©st la plus petite épaisseur mesurée, en mm,;

n est I'épaisseur nominale, en mm.

10.6.2 Exigences relatives a I'enveloppe isolante

La plus petite épaisseur mesurée ne doit pas étre inférieure a 90 % de I'épaisseur nominale:

En ou

t e

max

L'épai

compifise dans I'épaisseur de I'enveloppe isolante.

10.6.3 Exigences relatives a la gaine extérieure du cable
La plu

moins

De plus, pour les gaines appliquées sur une surface pratiquement lisse, la moyenne des v
mesurées, arrondie a 0,1 mm prés, ne doit pas étre inférieure a I'épaisseur nominale.

Cette

exemple sur des écrans métalliques)constitués de fils et/ou de rubans ou sur des

métall

10.7
10.7.1

Lorsqulie le cable comporte une gaine métallique de plomb, d'alliage de plomb, de cui
d'alunmjinium, les essais suivants s'appliquent. Les feuilles appliquées a des fins d'étan
radial¢ uniquement'sont exclues de ces essais.

Les symboles:stivants sont utilisés en 10.7:

t

t

fin = 0,90 7,

!max ~ Imin

re: max  <0,15

Imin

5seur des écrans semiconducteurs sur ame et sur enveloppge\isolante ne doit p3

0,1 mm:

tin 2 0,85 1,550, 1

Herniére exigence ne concerne pas-les gaines appliquées sur une surface irrégulie

jques ondulées.

Mesure de I'épaisseur_de la gaine métallique

Généralités

doivent étre mesurées sur une seule et méme section de I'enveloppe isolantg.

s étre

s petite épaisseur mesurée ne doit pas étre inférieure a 85 % de I'épaisseur noininale

aleurs

e, par
jaines

re ou
chéité

Lin(~ est la plus petite épaisseur mesurée, en mm,;

n est I'épaisseur nominale, en mm.

10.7.2 Gaine de plomb ou d'alliage de plomb
10.7.2.1 Généralités

La plus petite épaisseur mesurée de la gaine ne doit pas étre inférieure a 95 % de I'épaisseur

nomin

ale moins 0,1 mm:

trmin 2 0,95 £, = 0,1

La mesure de I'épaisseur de la gaine doit étre effectuée selon I'une des méthodes suivantes,
au choix du fabricant.
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10.7.2.2 Méthode "a plat"

La mesure doit étre effectuée a I'aide d'un micrométre a faces planes, de touches de 4 mm a
8 mm de diameétre. La précision du micrométre doit étre de = 0,01 mm.

La mesure doit étre réalisée sur un échantillon de gaine de 50 mm de longueur environ, prélevé
sur le cable complet. L'échantillon doit étre fendu longitudinalement, puis soigneusement
redressé. Apreés nettoyage de I'échantillon, I'épaisseur doit é&tre mesurée le long de la périphérie
de la gaine, a au moins 10 mm du bord de I'échantillon redressé, en un nombre de points
suffisant pour s'assurer que I'épaisseur minimale est mesurée.

10.7.2.3 Méthode de I'anneau

Les mgsures doivent étre réalisées a I'aide d'un micrométre ayant soit une touche plane{t une

touche sphérique, soit une touche plane et une touche rectangulaire de 0,8 mm de.lardeur et
de 2,4 mm de longueur. La touche sphérique ou la touche rectangulaire doit étre appliquge sur
la face intérieure de I'anneau. La précision du micromeétre doit étre de £ 0,01 mm.

Les mesures doivent étre prises sur un anneau de gaine soigneusement préleyé sur
I'échaptillon. L'épaisseur doit étre mesurée en un nombre de points suffisant sur la périphérie
de lI'anneau pour s'assurer que I'épaisseur minimale est mesurée.
10.7.3 Gaine de cuivre ou d'aluminium

La plus petite épaisseur mesurée d'une gaine lisse en cuivre ouven aluminium ne doit pgs étre
inférielure a 90 % de I'épaisseur nominale moins 0,1 mm:
tmin 2 0,9 7, — 051

La plus petite épaisseur mesurée d'une gaine ondulée en cuivre ou en aluminium ne d¢it pas
étre infférieure a 85 % de I'épaisseur nominale moins 0,1 mm:

trin 220,85 £, = 0,1

Les nlesures doivent étre effectuées.al'aide d'un micrométre ayant des touches sphériques
d'un rayon de 3 mm environ. La précision doit étre de + 0,01 mm.

Les mesures doivent étre prises sur un anneau de gaine de 50 mm de largeur environ,
soigngeusement prélevé sur.le“Ccable complet. L'épaisseur doit étre mesurée en un nombre de
points| suffisant sur la pe€riphérie de I'anneau pour s'assurer que |'épaisseur minimgle est
mesuriée.

10.7.4 Ruban métallique pour construction CD

La plys petitefépaisseur mesurée du ruban métallique ne doit pas étre inférieure a 90 % de
I'épaidseur_neminale:

20,91,

Imin

Les mesures doivent étre effectuées a I'aide d'un micrométre ayant des touches sphériques
d'un rayon de 3 mm environ. La précision doit étre de £ 0,01 mm.

Les mesures doivent étre prises sur un anneau de ruban et de gaine de 50 mm de largeur
environ, soigneusement prélevé sur le cable complet. L'épaisseur doit étre mesurée en un
nombre de points suffisant, sur la périphérie et aux extrémités latérales de I'anneau, pour
s'assurer que I'épaisseur minimale est mesurée.

10.8 Mesure des diameétres

Lorsque, conformément aux exigences de l'acheteur, le diametre du conducteur et/ou le
diamétre extérieur du cable doivent étre mesurés, les mesures doivent étre effectuées
conformément a I'lEC 60811-203.
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10.9 Essai d'allongement a chaud des enveloppes isolantes en PR, EPR et HEPR

10.9.1 Mode opératoire

L'échantillonnage et la procédure d'essai doivent étre conformes a I'lEC 60811-507, les
conditions d'essai étant celles indiquées dans le Tableau 8.

Les échantillons doivent étre prélevés dans la partie de I'enveloppe isolante ou le degré de
réticulation est estimé étre le plus faible pour le procédé de réticulation utilisé.

10.9.2 Exigences
Les résultats de I'essai doivent satisfaire aux exigences du Tableau 8.

10.10 [Mesure de la capacité

La capacité de I'échantillon doit étre mesurée entre I'ame et I'écran ou la gaine métallique a la
température ambiante, et la température ambiante doit étre enregistrée en méme tempgs que
les dopnées d'essai.

La valeur mesurée doit étre ramenée a une longueur de 1 km et ne doit.pas dépasser de plus
de 8 % la valeur nominale déclarée.

10.11 [Mesure de la masse volumique des enveloppes isolantes en PEHD
10.111 Mode opératoire

La masse volumique du PEHD doit étre mesurée en utilisanbl'échantillonnage et la progédure
d'essqdi indiqués dans I'lEC 60811-606.

10.11)2 Exigences

Les résultats de I'essai doivent satisfaire aux exigences du Tableau 8.

10.12|Essai au choc de foudre

Cet epsai n'est exigé que pour les cdbles dont le gradient électrique nominal suf ame
est > 8,0 kV/mm.

L'essqgi doit étre effectué sur un cable complet d'au moins 10 m de longueur, en excluant les
accesgoires, I'ame étant a une-température comprise entre 5 K et 10 K au-dessus|de la
température maximale de I'ame en service normal.

Le montage doit étre chiauffé par circulation de courant dans I'ame uniquement, jusqu'a ¢e que
celle-gi atteigne la température exigée.

Si, popr des raisons pratiques, la température d'essai ne peut étre atteinte, un calorifugeage
supplémentaire peut étre appliqué. La température de I'ame doit étre maintenue dans les |imites
de ter]wpérature indiquées pendant au moins 2 h.

La tension de choc de foudre doit étre appliguée, conformément a la procédure indiquée
dans I'lEC 60230, alors que la température de I'ame se situe dans les limites établies ci-dessus.
Le cable doit résister, sans claquage, a 10 chocs positifs et a 10 chocs négatifs de tension de
valeur appropriée, indiquée dans le Tableau 4, colonne 8.

Il ne doit pas se produire de claguage de I'enveloppe isolante.

10.13 Essai de pénétration d'eau

Si des dispositions sont prises pour assurer I'étanchéité longitudinale du cable, des échantillons
de cable complet doivent étre prélevés, I'essai doit étre réalisé et les exigences doivent étre
respectées conformément au 12.5.15.
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10.14 Essais supplémentaires sur les composants de cables comportant un ruban ou
une feuille métallique appliqué en long et contrecollé a la gaine extérieure

Pour les cables comportant un ruban ou une feuille métallique appliqué en long et contrecollé
a la gaine extérieure, un échantillon de 1 m doit étre prélevé sur le cable complet et soumis
aux essais et exigences du 12.5.16.

11 Essais sur prélévements des accessoires

11.1 Essais des composants d'accessoire

Les caractéristiques de chaque composant doivent étre vérifiées selon les spécifications du
fabricant d'accessoires, soit par un rapport d'essai du fournisseur d'un composant, soit par des
essaig internes.

Le falricant d'un accessoire doit présenter une liste des essais a effectuer<sur chaque
compgsant et indiquer la fréquence de chaque essai.

Les camposants doivent étre examinés en référence a leur plan. Il ne doit.y|avoir aucun écart
en dehors des tolérances annoncées.

NOTE |[Comme les composants différent d'un fournisseur & I'autre, il n'est pas possible, dans le présent dogument,
de définir pour ceux-ci des essais sur prélévement communs.

11.2 |Essais sur accessoires complets

Lorsquie I'isolation principale ne peut pas étre soumise aux essais individuels de série (vo|r 9.1),
les egsais électriques suivants doivent étre effectuésiqpar le fabricant sur un accessoire
complptement monté:

a) espai de décharges partielles (voir 9.2);

b) espai de tension (voir 9.3).

L'ordre des essais est laissé a la discrétion:du fabricant.

NOTE |Les isolations rétractables a chaud et-les isolations rubanées et/ou moulées sur site sont des ejemples
d'isolatjons principales qui ne sont pas soumiSes aux essais individuels de série.

Un acgessoire de chaque type durcontrat doit étre soumis a ces essais, si le contrat comporte
plus de 50 accessoires de cetype.

Si un accessoire ne satisfait pas a I'un des deux essais ci-dessus, deux autres accessoifes de
méme| type doivent étre,'prélevés et soumis aux mémes essais. Si ces deux accegsoires
satisfgnt aux essais,(les autres accessoires de méme type du contrat doivent étre consfidérés
commpe conformes_aux exigences du présent document. Si I'un d'eux est défectueux, cg type
d'accgssoire du‘gontrat doit étre considéré comme non conforme.

12 Essais"de type des systémes de cables

12.1 |Genéralités

Les essais spécifiés a I'Article 12 ont pour but de démontrer le comportement satisfaisant des
systémes de céables.

Il n'est pas nécessaire de répéter les essais de type lorsqu'ils ont été réalisés avec succes, a
moins que des modifications n'aient été introduites dans les matériaux constituant le cable ou
les accessoires, dans le procédé de fabrication, dans la construction ou les niveaux de gradient
électrique retenus pour la construction, susceptibles d'en modifier les caractéristiques de fagon
négative.

Les références des paragraphes a prendre en compte pendant un essai de type sur un systéme
de cable sont données a I'Annexe C, dans le Tableau C.1.

Les essais de type des extrémités de cable immergées dans du gaz pour une utilisation a des
tensions supérieures a 52 kV doivent étre effectués conformément a I'lEC 62271-209, en plus
des essais spécifiés dans le présent document.
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Des essais de type électriques supplémentaires sont exigés dans I'lEC 62271-209, lorsque
I'isolateur d'extrémité immergée dans du gaz doit étre fourni au fabricant de I'appareillage, afin
de démontrer que I'extrémité peut satisfaire aux essais individuels de série de I'appareillage et
aux essais sur site.

NOTE 1 |l peut étre pratique d'effectuer ces essais supplémentaires en utilisant le méme cable et le méme isolateur
que ceux employés pour I'essai de type du systéme de cable décrit dans le présent document.

NOTE 2 Les essais des extrémités en conditions de précipitations ou de pollution ne sont pas spécifiés dans le
présent document.

12.2 Etendue de I'acceptation de type

Lorsque les essais de type ont été réalisés avec succés sur un ou plusieurs systémes de cables
de segtions specifiques, de méme tension assignee et de méme constitution, l'acceptatjon de
type doit étre estimée valable pour les systémes de cables relevant du domaine d'application
du prégsent document avec d'autres sections, tensions assignées et constitutions‘si~toutes les
conditjons suivantes, de a) a f), sont remplies.

Les epsais de type qui ont été réalisés avec succes selon I'édition précédente du pfésent
document sont valables.

a) Le groupe de tension n'est pas supérieur a celui du ou des systémes de cables sounlis aux
espais. Les systémes de cables du méme groupe de tensiom sont ceux dont les tepsions
aspignees ont la méme valeur de U,,, tension la plus élevéepour le mateériel, et les mémes

niyeaux de tension d'essai (voir Tableau 4, colonnes 1 et‘2).
b) La|section de I'ame n'est pas supérieure a celle du cable soumis aux essais.

c) Le|cable et les accessoires ont la méme constitution 'ou une constitution similaire a cg¢lle du
ouldes systémes de cables soumis aux essais.

Lep cables et accessoires de constitution ;similaire sont ceux du méme type et dont le
prIcédé de fabrication de I'enveloppe isolante et des écrans semiconducteurs est identique.

Il p'est pas nécessaire de répéter les-€ssais de type électriques en raison de difféfences
daps le type ou le matériau de I'dme-ou du raccord de connexion, ou dans les cquches
protectrices appliquées sur les~ conducteurs isolés ou sur l'isolation principgdle de
I'agcessoire, a moins que ces. différences ne soient susceptibles d'avoir un effet significatif
suf les résultats de l'essai..(Dans certains cas, il peut étre approprié de répéter Jun ou
plysieurs des essais de (type (par exemple I'essai d'enroulement, I'essai de cycles de
chauffage et/ou I'essai de compatibilité).

d) La|valeur calculée du-gradient électrique nominal et la valeur du gradient de tens|on de
chpc sur I'écran (sur” ame, calculée en utilisant les dimensions nominales du cable, ne
dépassent pas ‘de plus de 10 % les gradients respectifs calculés du ou des systénjes de
caples soumis.aux essais.

e) La|valeurealculée du gradient électrique nominal et la valeur du gradient de tensfon de
chpc sdar,V'écran sur enveloppe isolante, calculée en utilisant les dimensions nominajes du
caples ne dépassent pas les gradients respectifs calculés du ou des systémes de ¢ables

SO HHS—aHP—EeSSaHS
T oo A CooTToT

f) Les valeurs calculées du gradient électrique nominal et les valeurs du gradient de tension
de choc, calculées en utilisant les dimensions nominales dans l'isolation principale de
I'accessoire et aux interfaces entre cable et accessoire, ne dépassent pas les gradients
respectifs calculés du ou des systémes de cadbles soumis aux essais.

g) Pour les traversées embrochables, I'entiére conformité n'est obtenue qu'en combinant la
traversée, le connecteur séparable et le cable utilisé pour I'essai de type.

Il convient que les utilisateurs sachent que les performances du connecteur séparable ainsi
que la compatibilité doivent étre vérifiées si la traversée installée dans le connecteur
séparable est différente de celle utilisée pour la qualification de I'extrémité isolée.

Pour I'extension de la conformité a d'autres combinaisons de connecteurs séparables et de
traversées, il est approprié de répéter un ou plusieurs des essais de type électriques (par
exemple, I'essai de décharges partielles), afin d'assurer l'interchangeabilité des traversées.
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Les essais de type des composants du cable (voir 12.5) n'ont besoin d'étre effectués sur des
échantillons de cables de tensions assignées et/ou de sections d'ame différentes que si des
matériaux et/ou des procédés de fabrication différents ont été utilisés pour leur production.
Cependant, la répétition des essais de vieillissement sur cable complet pour vérifier la
compatibilité des matériaux (voir 12.5.5) doit faire I'objet d'un accord avec le client si la
combinaison des matériaux appliqués au-dessus du conducteur isolé est différente de celle du
cable précédemment soumis aux essais de type.

Un certificat d'essai de type signé par le représentant d'un organisme de contrble compétent,
ou un rapport établi par le fabricant donnant les résultats des essais et signé par le responsable

habilité, ou encore un certificat d'essai de type établi par un laboratoire d'essais indépendant
doivent constituer des preuves acceptables de 'exécution des essais de type

12.3 |Récapitulatif des essais de type

Les egsais de type doivent comprendre les essais électriques effectués sur le systéme dg cable
complet, spécifiés en 12.4, et les essais non électriques appropriés sur les.composapts du
cable et sur cable complet, spécifiés en 12.5.

Les egsais non électriques sur les composants du cable et sur cable complet sont répeftoriés
dans |e Tableau 5 et le Tableau 9, qui indiquent les essais applicables a chaque mg¢lange
d'envgloppe isolante et de gaine extérieure. Les essais des cablessoumis au feu ne sont ¢xigés

que s| le fabricant souhaite revendiquer la conformité a ces{esSais comme caractéristique
particdlliere de la construction du cable.

Les egsais énumérés en 12.4.2 doivent étre effectués sur'un ou plusieurs échantillons dg cable
complet, en fonction du nombre d'accessoires congcernés, d'au moins 10 m de lonpueur,
accesgoires non compris.

La lonjgueur minimale de cable entre accessoirés doit étre de 5 m.

Les ag¢cessoires doivent étre montés aprés l'essai d'enroulement du cable. Un accessdire de
chaqug type doit étre soumis aux essais:

Les cibles et les accessoires doiventétre montés conformément aux instructions du fabficant,
avec lps qualités et les quantitéscde matériaux fournis, lubrifiants éventuels compris.

La sufface externe des accessoires doit étre séche et propre, mais ni les cables [ni les
accesgoires ne doivent étre.soumis a un conditionnement non spécifié dans les instructipns du
fabricant, susceptible de )modifier les caractéristiques électriques, thermiques ou mécanjques.

Pendgnt les essais\dés points ¢) a g) du 12.4.2, il est nécessaire que la protection extefne de
la jongtion soit-énplace.

La meisure~de la résistivité des écrans semiconducteurs décrite en 12.4.9 doit étre réalisge sur
un écrllantillon distinct.

12.4 Essais de type électriques sur systémes de céables

12.4.1 Valeurs des tensions d'essai

Avant de procéder aux essais de type électriques, I'épaisseur de I'enveloppe isolante doit étre
mesurée selon la méthode spécifiée dans I'lEC 60811-201, sur un échantillon représentatif de
la longueur de cable a soumettre aux essais, afin de vérifier que I'épaisseur moyenne n'est pas
excessive en regard de la valeur nominale.

Si I'épaisseur moyenne de I'enveloppe isolante ne dépasse pas la valeur nominale de plus de
5 %, les tensions d'essai doivent étre les valeurs spécifiées dans le Tableau 4 pour la tension
assignée du cable.

Si I'épaisseur moyenne de l'enveloppe isolante dépasse la valeur nominale de plus de 5 %,
sans toutefois excéder 15 %, la tension d'essai doit étre ajustée de sorte que le gradient
électrique sur I'écran sur d&me soit égal a celui appliqué lorsque I'épaisseur moyenne de
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I'enveloppe isolante est égale a la valeur nominale et que les tensions d'essai présentent les
valeurs normales spécifiées pour la tension assignée du cable.

L'épaisseur moyenne d'enveloppe isolante de la longueur de céble utilisée pour les essais de

type é

12.4.2

lectriques ne doit pas dépasser la valeur nominale de plus de 15 %.

Essais et séquence d'essais

Les essais des points a) a h) doivent étre effectués selon la séquence suivante:

a) essai d'enroulement du cable suivi d'un examen visuel, le cas échéant (voir 12.4.3), de
I'installation des accessoires et d'un essai de décharges partielles a la température

ambiante (\mir 12 4 A)'

b) mg

Cd
fah
le

c) es
d) es

Le
ap
e) es
12
f) es
g) es
h) ex

un
Les te
du Ta
12.4.3
L'échs
d'un g
axiale

répétd.

sure de tan ¢ (voir 12.4.5).

t essai peut étre effectué sur un échantillon de cable différent, provenant du'méme
rication, équipé d'extrémités d'essai qui peuvent étre différentes de celles.utilisée
reste de la séquence d'essais;

s5ai de cycles de chauffage sous tension (voir 12.4.6);

5ais de décharges partielles (voir 12.4.4):

a température ambiante, et

a température élevée.

5 essais doivent étre effectués apres le dernier cycle dupoint c) ci-dessus ou, en va

5ais supplémentaires des accessoires (voir Annexe H);

amen du systéme de cable comprenant le cable et les accessoires apres réalisatiq
5ais ci-dessus (voir 12.4.8);

mesure de la résistivité des écrans semiconducteurs (voir 12.4.9) doit étre réalis
échantillon distinct.

nsions d'essai doivent(étre conformes aux valeurs figurant dans la colonne appr
bleau 4.
Essai d'enroulement

ntillon de cable doit étre enroulé autour d'un cylindre d'essai (par exemple le ta
uret) a laltempérature ambiante, sur un tour complet au moins, et déroulé sans rq
L'échantillon doit ensuite faire I'objet d'une rotation de 180° et le processus dg

cle.d'opérations doit étre effectué trois fois en tout.

lot de
5 pour

Fiante,

res le point e) ci-dessous;

5ai au choc de foudre, suivi d'un essai sousdension a la fréquence industriell¢ (voir
4.7);

5ais de décharges partielles, s'ils n'ont pas été effectués au point d) ci-dessus;

n des

Be sur

bpriée

mbour

tation
it étre

Cecy

Le dia

1) po

2) po

métre nominal du cylindre d'essai doit étre le suivant:

ur les cables a gaine lisse en cuivre ou en aluminium:

36 (d + D) pour les cables monopolaires;

25 (d + D) pour les cables tripolaires;

ur les cables a gaine de plomb, d'alliage de plomb ou a gaine métallique ondulée:
25 (d + D) pour les cables monopolaires;

20 (d + D) pour les cables tripolaires;
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3) pour les cables comportant un ruban ou une feuille métallique appliqué en long
recouvrement ou soudée) et contrecollé a la gaine extérieure:

— 20 (D + d) pour CD;
— 25 (D + d) pour SD et CD + fils;
— 10 Dg pour SscD;
4) pour les autres cables:
— 20 (d + D) pour les cables monopolaires;
— 15 (d + D) pour les cables tripolaires;
ou:

(avec

d esf le diamétre nominal de I'dme, en mm (voir Article 6, point j));
D es] le diamétre nominal extérieur du cable, en mm (voir Article 6, point k));

D, egt le diameétre nominal de I'écran ou de la gaine métallique, en mm.

S

La tolgrance pour le diamétre du cylindre d'essai est de -0 % + 5 % par.rapport au dig
nomingl. Des diamétres de courbure plus faibles peuvent étre utilisés,@u ‘choix du fabrig

Dans [e cas des cables avec un ruban ou une feuille métallique taminé, un examen
confome a ['Article G.1 de I'Annexe G doit étre réalisé, aprés-réalisation des trois
d'enroulement.

12.4. Essais de décharges partielles
Les egsais doivent étre effectués conformément a I'lE€ 60885-3, la sensibilité étant de 5
mieux

La tension d'essai doit é&tre augmentée progressivement et maintenue a 1,75 Uo pendar
puis ramenée lentement a 1,5 U, (voir Tableau 4, colonne 5).

A température élevée, l'essai doit étre\effectué sur le montage, I'ame du cable étant
température comprise entre 5 K et, 10 K au-dessus de la température maximale de I'a

métre
ant.

visuel
cycles

pC ou

t10s

a une
me en

service normal. La température de_l'ame doit étre maintenue dans les limites de tempdrature

indiquges pendant au moins 2 finLe montage doit étre chauffé par circulation de couran
I'ame pniquement.

Si, popr des raisons pratiques, la température d'essai ne peut étre atteinte, un calorifu
supplémentaire peut@étre appliqué.

Il ne dpit pas y avoir de décharge détectable, supérieure a la sensibilité déclarée, proven
I'objet|en essaia1,5 U.

t dans

geage

ant de

12.4. Mesure de tan ¢
L'échdnti it & 2 i i '3 i et la

température de I'ame déterminée soit en mesurant sa résistance, soit par des capteurs de
température placés a la surface de I'écran ou de la gaine, soit encore par des capteurs de

température placés sur I'ame d'un autre échantillon du méme cable chauffé par la
méthode.

L'échantillon doit étre chauffé jusqu'a ce que I'ame atteigne une température qui do
comprise entre 5 K et 10 K au-dessus de la température maximale de I'dme en service n

Si, pour des raisons pratiques, la température d'essai ne peut étre atteinte, un calorifu
supplémentaire peut étre appliqué.

méme

it étre
ormal.

geage

La température de I'ame doit étre maintenue dans les limites de température indiquées pendant

au moins 2 h.
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